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This thesis describes a Systemic Vulnerability Identification and Remediation (SVIR) 

methodology that identifies human fallibilities and errors in complex technical processes, 

and recommends remediations for the errors, based on human factors principles and 

guidelines. The objectives of the research described in the thesis are the development of 

the methodology and evaluation of its effectiveness by applying it in an actual 

manufacturing process. The methodology improves upon conventional human error 

identification (HEI) frameworks by employing detailed IDEF0 modeling of the process, 

the use of a human fallibilities database, and integration of the technique through a series 

of analysis spreadsheets. Unlike many conventional HEI methodologies, SVIR utilizes 

published information that links human fallibilities to process characteristics in order to 

systematically identify possible human errors in a process. Results from the application 

of the methodology, including feedback from subject matter experts, suggested the 



methodology prospectively identifies likely errors that are potentially significant and 

recommends effective remediations. 

 

The thesis concludes with the summary of recommendations and contributions brought 

by this research. To improve the methodology, future researches using the SVIR 

methodology should consider to: 

1. Re-evaluate the components of the SVIR process to decrease the amount of time 

SVIR requires. 

2. Test for correct rejections of SVIR and invisibility of human errors.  

3. Integrate components of the SVIR methodology to streamline the process.  

4. Apply the SVIR methodology to another domain. 

 

The thesis has made the following contributions: 

1. A HEI methodology that identifies human errors based on system characteristics 

and human fallibilities.  

2. Application of the SVIR methodology to a manufacturing process and 

recommendations for improving the process.  

3. Verification of methodologies of HFIRM and SVA. 
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1. Introduction 

Recent trends in the manufacturing industry are driving organizations to look for ways to 

increase the quality of the products, while producing the products in a more efficient and 

cost effective manner in order to remain competitive. As a result, the human operators in 

these manufacturing processes face the need to work with increasingly precise tolerances 

in tasks that traditionally have not been required for humans. Many researchers have 

conducted studies in diverse fields to explore the natural fallibilities of humans, and at the 

same time, researchers have developed various human error identification (HEI) methods 

to identify possible human errors in processes. This thesis research proposes a systematic 

HEI methodology for application in (but not limited to) manufacturing processes to 

identify errors and provide remediation based on their underlying fallibilities. Following 

are several purposes for HEI studies in the modern manufacturing environment which 

motivated this research.  

 

The term “human error” refers to occurrences of unintended events in a system due to 

human actions. The human actions that lead to the errors are caused by human 

fallibilities, which are natural characteristics of human that can lead to errors in 

performing a task. For example, a person tends to overestimate their own capabilities, and 

such is the case for drivers. Because most drivers consider their driving skills to be 

“better than average”, drivers often pay less than optimal attention to driving and are 

confident that they are able to operate vehicles while multitasking. This human fallibility 

is the overconfidence bias. Another common fallibility is the speed-accuracy tradeoff, 
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which describes the nature of human actions being less accurate when the action is 

performed in a quick manner, and more accurate when slowed.  

 

1.1. Motivation for research 

The following sections discuss the major motivations that inspired this research. The 

motivations all seek to accomplish the same goal: identify a HEI methodology that can 

potentially help companies become more competitive by elimination of human errors.  

 

1.1.1. Manufacturing process complexity  

With the advancement of technology, companies often face the difficulty of 

manufacturing highly complex (often with smaller, tighter tolerances, etc.) products 

while maintaining quality. The complexity of the products leads to increases in 

manufacturing process complexity, thus making the process more prone to errors. Many 

of these processes are difficult and expensive to automate due to current limitations in 

technology. Furthermore, human errors can still take place in automated processes, 

because the processes are still highly dependent on the human operator. In various 

automated processes, the human operator is still responsible for important tasks such as 

maintaining, programming, and troubleshooting the process. The complexity of products 

also leads to difficulties in other areas of manufacturing including inspection and 

handling of products and their components. By addressing human factor issues in 

complex systems, the system can produce complex products more accurately and reliably 

than traditional ways of performing these operations. 
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1.1.2. Cost reduction 

Due to increased global competition, many companies attempt to cut manufacturing costs 

in order to remain competitive. A major source of manufacturing cost is the waste 

generated by manufacturing defects. With a suitable HEI methodology, companies could 

perform HEI to reduce human errors that cause defects. The elimination of human errors 

in processes would lead to the reduction of the wasted material, elimination of the time 

spent making the errors, and time spent repairing the errors. Furthermore, addressing 

system improvements could be a more cost-effective solution to human errors than 

alternatives such as automation.  

 

1.1.3. Lean implementation 

Lean manufacturing is an important concept adopted by organizations to improve 

efficiency, reduce cost, and improve product quality. Besides the elimination of waste, as 

discussed in the previous section, lean recommends approaching a problem from its root 

cause. However, many existing error identification methods, such as the 5-Whys, a HEI 

method that will be discussed in a later chapter, do not approach human errors from the 

human fallibility perspective, which very often addresses the true root cause. By 

approaching human errors from underlying human fallibilities, analysts will be able to 

approach human errors from their root causes. 

 

1.2. Overview of the research 

The objective of this research was to refine an existing general HEI procedure by 

providing a revised set of procedures, techniques, and tools to enhance the effectiveness 
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of HEI. The refined procedure, Systemic Vulnerability Identification and Remediation 

(SVIR), is a systematic method for identifying human fallibilities and errors in a process. 

Like many existing HEI methods, SVIR is applicable across various domains. SVIR also 

preserves the “human” side of HEI, encouraging the interaction between analysis team 

members, and taking advantage of their skills and experience to enhance the effectiveness 

of the method.  

 

There are two portions to this thesis research. The first portion of the research focuses on 

the development of the SVIR methodology. SVIR shares the same basic structure as 

many traditional HEI methods, starting with the study and modeling of the system, 

identifying the human fallibilities, identifying human errors based on the fallibilities, and 

identifying remediation for the errors. The SVIR methodology uses Integrated Definition-

0 (IDEF0) modeling, task analysis, a human fallibilities database, and a systematic 

procedure to support the process. 

 

The second portion of this research implemented the SVIR methodology in a real world, 

electronics assembly process. SVIR was applied to evaluate the pre-reflow inspection 

process of a surface mount technology (SMT) line of an electronics manufacturer. The 

research evaluated the effectiveness of SVIR using a survey (which presented the 

findings of the study in the form of questions) for the inspectors and engineers who work 

with this process. The SVIR implementation provided an example for future reference, 

and the survey validated the effectiveness of the SVIR methodology.  
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1.3. Overview of the thesis 

The next chapter of this thesis is the literature review, which focuses on analyzing 

existing HEI methodologies and research that studies the nature of visual inspection 

tasks. The Methodology chapter presents the SVIR methodology in parallel with a 

description of the application of SVIR in the pre-reflow inspection process of the 

research sponsor. The Validation chapter presents results of the survey conducted on the 

inspectors and engineers that work closely with the inspection process. Lastly, the thesis 

provides conclusions and recommendations regarding the SVIR methodology and its 

implementation, identifying possible development opportunities for further refinement.  
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2. Literature Review 

This chapter of the thesis discusses existing HEI methodologies and research related to 

manual inspection, and draws conclusions that will define the requirements for a HEI 

methodology. 

 

2.1. Motivation and introduction 

Organizations often consider automation the solution for better accuracy, efficiency, and 

in most cases, cost. However, various processes are difficult to automate and still depend 

largely on human operators to perform the processes. One example of such processes is 

the inspection processes in the surface mount technology (SMT) department of a 

northwest US electronics manufacturer, where inspectors inspect populated circuit 

boards. There are various reasons for the automated optical inspection failing to replace 

the human inspectors in this process. These include sensitivity (overly sensitive systems 

cause false alarms, while under-sensitive systems miss errors), types of flaws detectable 

by automated inspection systems, and the inability of inspection systems to perform 

repairs. A portion of this research studied the pre-reflow inspection process, where the 

human inspector checks the board for missing or extra components, wrong components, 

badly placed components, and other aspects of the circuit board. This is a critical point in 

the SMT process because the components can still be adjusted, added, or removed easily 

if errors are detected on the board.  

 

Since human inspectors are subject to human fallibilities, errors often occur in the pre-

reflow inspection process. One of the goals of this research is to minimize occurrence of 
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errors in this process by improving the current process based on human factors principles. 

To achieve this goal, the process was studied. Possible errors, the human fallibilities 

behind their existence, and mediations to overcome these errors are identified. In order to 

perform this procedure, a method of human error identification (HEI) was required. 

However, various characteristics of visual inspection tasks limit the effectiveness of 

existing HEI methods. The following sections discuss the difficulties in understanding 

and improving visual inspection.   

 

2.1.1. Visual inspection 

Visual inspection is an example of a difficult task to study (while also being hard to 

automate, as discussed previously) due to the “invisible” nature of the task (Goebel et al. 

2006). A task is invisible when there are few physical cues to be observed when the task 

is being performed. Cognitive Task Analysis (CTA) is a method used to study invisible 

tasks. CTA studies cognitive tasks, which can be a significant portion of visual 

inspection. However, CTA does not study the visual scanning portion of an inspection 

task. CTA will be discussed in more detail in a later section. 

 

In various studies, analysts studying visual inspection have resolved to conduct specific 

experiments that address specific issues. An example of experiments of this nature is the 

study performed by Brombach et al., where various combinations of lighting conditions 

were provided to inspectors. The study gathered performance data and opinions to 

determine the optimal light settings for various material types (Brombach et al. 2006). 

Chan and Courtney (1998) performed a study on loading stimuli in the foveal vision of 

 7



human subjects, while magnifying the stimuli in the peripheral vision. This study 

suggested that stimulus sizing resulted in positive results for target detection (Chan and 

Courtney 1998). VanZoest et al. conducted a study to find that flaws on rectangular 

stimuli (such as electronic integrated circuit chips) are more detectable when inspected in 

a vertical position than in a horizontal position (VanZoest et al. 2006). Experiments of 

this nature are time consuming to perform, and the results are often of the nature that an 

analyst cannot easily observe in the workspace.  

 

Such specific information for manual visual inspection exists in published literature, but 

unless an analyst actively seeks it, the existence of such information is not obvious. The 

results from such studies can potentially be useful when applied to the right process. 

However, the resulting information from the experiments is also so specific they are only 

applicable in specific processes. Such is the case for many studies conducted for visual 

inspection, as study results remain scattered, and the analyst, if not actively seeking such 

information, might miss them entirely.  

 

There have also been many studies conducted for creating reliable automated visual 

inspection systems. Examples of such systems are the inspection systems that perform 

automated optical inspection for populated circuit boards. Such devices have existed for 

years, and many organizations have acquired them as an alternative to performing the 

inspection tasks using human inspectors. However, the inspection reliability of such 

equipment has been mediocre, and many organizations still rely on human inspectors to 

perform such inspection tasks currently (Manjeshwar et al, 2006). This thesis research 
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proposes an HEI methodology that is applicable to inspection processes that still relies on 

human inspectors to improve the accuracy of the inspectors. 

 

2.1.2. Overview of HEI literature review 

The following HEI literature review section starts by discussing a general strategy most 

HEI techniques follow when approaching processes to expose possible errors. It discusses 

two critical sub-processes of this general strategy, and discusses their implementation in 

various HEI techniques. The literature review concludes by presenting a set of 

categorization measures based on the findings of the literature review. Using the 

measures, the desired measures for the target HEI methodology for studying visual 

inspection process are presented as a basis for requirements for a better methodology.  

 
2.2. Common strategy 
 
Various HEI techniques have been developed and applied to diverse applications. Most 

of these techniques follow a common general process, or at least portions of this process. 

A human factors analyst first observes and understands the process of interest. The 

analyst then uses modeling, such as Hierarchical Task Analysis (HTA), to break down 

the process into sub-processes, and identifies the plausible errors for each of the sub-

processes using various identification techniques. In some cases, the analyst uses the 

errors to identify the underlying psychological fallibilities, and the fallibilities may in 

turn lead to development of error reduction or recovery solutions (Stanton and Stevenage 

1998, Stanton and Barber 2002). HTA and error identification are described in further 

detail in the rest of this section.  
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2.2.1. Hierarchical task analysis 

The purpose of performing HTA is to break down a large process of interest into smaller 

sub-processes for simpler and more precise evaluation. Methods such as SHERPA, 

TAFEI, and PREHEP (described later) use various forms of HTA as part of their HEI 

procedure. Breaking a process into the sub-process level is useful for conducting analysis 

that is more detailed and task-specific. (Teoh and Case 2004, Lyons et al. 2004, Harris et 

al. 2003, Stanton and Stevenage 1998, Visser and Wieringa 2001). As an example, it is 

difficult to identify what can go wrong while “driving a car”, because the scope is too 

broad. When we perform error identification at such a high level, the answer would often 

be equally broad. If we approach it from a lower level, we would be asking questions 

such as, “what can go wrong while turning on the ignition?” and “what can go wrong 

while informing the navigation system where the destination is?” Investigating at this 

level will be more precise and will generate more detailed and useful results. Besides 

breaking down processes, numerous other positive outcomes can result from the process 

of performing HTA.  

 

The first of these positive effects is that the analyst gains a better understanding of the 

process. The modeling process often requires multiple observations and transfer of 

information from subject matter experts (SMEs) to the analyst regarding the process. An 

SME is someone who has in-depth knowledge in the process of interest, and in many 

cases, works directly with the process. Because of the analyst repeatedly observing and 

probing for information from the SME, this activity provides the analyst with a better 

understanding of the process. Secondly, this same process of observation and interaction 
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between analyst and SME also leads to development of a common vocabulary between 

the analyst and SME. Lastly, a good model can serve as a communication aid to ensure 

the members involved in the study share an accurate understanding of the process 

(McGowan & Bohner 1993).  

 

HTA-like processes do not always involve formal modeling. In studies that rely on the 

heuristic technique of simply observing a process to identify errors and provide 

recommendations, analysts often mentally break down the processes into sub-processes. 

Although this practice does not involve a formal procedure of modeling, it still does the 

same overall operation as HTA (Landau & Peters 2006). In other words, the analyst 

creates a mental model of the process and mentally performs HTA.  

 

2.2.2. Error identification 

In most HEI techniques that involve a formal modeling process, it is common for the 

analyst to identify human errors using the information generated from the HTA and 

knowledge regarding the process learned so far. In general, there are two questions the 

analyst asks when he or she gets to this point: Given the information obtained so far 

(modeling, HTA, observation, etc.):  

 

1. What are the possible errors in each sub-process?  

2. What are the human fallibilities that cause the errors?  
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The possible errors in a process refer to the undesired events that can occur in a system 

and result in negative consequences. In a manufacturing process, the negative 

consequence can include damaging the product in process, delays, damaging equipment, 

and personnel injury. Some HEI methods stop here, because the analysts have now 

identified the errors, and the analysts and engineers can proceed to identify solutions. 

However, to better solve the error, one should try to understand the nature of the error, 

hence the second question. An error is typically the result of the human fallibilities 

interacting with system characteristics. For example, fallibilities such as limited working 

memory capacity and lack of attention allocation ability of a human driver in 

combination with the nature of traffic signal system that depends solely on traffic lights 

(only visual information) can result in drivers running red lights. This can be a serious 

issue when the driver is performing another task while driving that requires visual 

attention, such as text messaging. As a result, if the analyst identifies the human 

fallibilities and system flaws behind the error, the analyst can better identify solutions for 

the error based on its root cause. 

 

2.3. Description of methods 
 
This section discusses existing HEI techniques. These techniques were selected for their 

representation of different types of techniques, relevance to this study, and the amount of 

published material available regarding them. The selected techniques are Systematic 

Human Error Reduction and Prediction Approach (SHERPA), Task Analysis for Error 

Identification (TAFEI), Predict Human Error Probabilities (PREHEP), and techniques 

commonly used in the manufacturing workplace. 
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The following sections each start with a quick overview of procedures for the HEI 

technique, and discuss in more detail the methodology of performing HTA and 

identifying errors for the technique.  

 

2.3.1 SHERPA 

SHERPA is an HEI technique that predicts possible human errors in systems. 

Researchers have applied SHERPA in diverse fields, such as aviation and machine 

usability analysis. It has also been found through research that SHERPA is easy to learn, 

and generates valid results (Stanton and Stevenage 1998, Stanton and Barber 2002). The 

SHERPA procedure starts with HTA, presented in the next section (Harris et al. 2003). 

 

2.3.1.1. Hierarchical Task Analysis in SHERPA 

In SHERPA and TAFEI (which will be discussed in 2.2.2), HTA is the construction of a 

process hierarchy structure upon understanding the process of interest (Harris et al. 2003, 

Stanton and Stevenage 1998, Chapanis 1996). Figure 1 shows a generic process hierarchy 

structure.  
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Figure 1: Process hierarchy 

 

To begin HTA, the analyst defines the process of interest, and the name of the process is 

located on the top of process hierarchy. The set of sub-processes that are carried out 

during the performance of the main process are then identified, and mapped at a second 

level below the main process. The sub-processes of each of the level two sub-tasks are 

then expanded, further breaking down the process into a third level. This activity of 

breaking down processes can continue until the analyst decides that the process is broken 

down enough to provide sufficient detail for the purpose of error identification (Lyons et 

al. 2004, Harris et al. 2003, Stanton and Stevenage 1998). As can be seen, the result is 

inverted-tree-shaped, as in most hierarchy structures. A process hierarchical structure is 

commonly used in various fields to map processes for study (Lyons et al 2004). This 

simple structure is also applicable to perform fault tree analysis, where a large error can 

be broken down into smaller sub-errors for a better understanding of the error (Chapanis 

1996). 

 

 14



2.3.1.2. Task Classification in SHERPA 

After breaking down the top level processes into sub-processes by HTA, each of the 

bottom level sub-processes are classified into one of five types of tasks: action, retrieval, 

checking, selection, and information communication. A task classified as an action task 

implies that the subject performs physical motion. This can be, for example, standing up 

or sitting down. Retrieval tasks are ones in which the subject performs the act of 

obtaining or gaining access to an object. Checking tasks are tasks in which the subject 

evaluates an object or system for conformity. Selection tasks are tasks that involve the 

subject making a selection based on certain criteria. Information communication tasks are 

tasks in which information is exchanged between individuals. The categorization of the 

task helps identify the types of errors that can occur. 

 

2.3.1.3. Error Identification in SHERPA 

Upon identifying the subtasks and the nature of each subtask, the analyst identifies 

possible human errors for each subtask based on its context and classification (Harris et 

al. 2005, Stanton and Barber 2002, Stanton and Stevenage 1998). For example, the errors 

that can occur while inserting a car key into the ignition  (an action task), include missing 

the key slot, holding the key by the wrong end, trying to insert the key at a wrong angle 

or rotation, and dropping the key. These possible errors are presented to a SMEs who can 

discard or veto the errors that are invalid. In SHERPA, the participants identify the errors 

by brainstorming. The SMEs usually rely on experience, while the analyst applies general 

human factors principles, while considering the system and its operation procedures, to 

generate possible errors.  
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2.3.1.4. Consequence Analysis in SHERPA 

For each identified error, the analyst and SME consider what will be the consequences of 

its occurrence. The difference between error and consequence is that the errors refer to 

the act made by the human operator, and the consequence is the reaction of the system as 

a result to the act. An error that can occur during turning the ignition of a car can be that 

of the key missing the key slot, and as a consequence, the dashboard gets a deep scratch.  

 

2.3.1.5. Recovery Analysis in SHERPA 

This portion is a combination of three steps. Three characteristics of the error are 

determined: Possibility of error recovery (how hard is it to correct the error once it has 

occurred), ordinal probability of the error (how often the error occurs), and criticality 

(how much damage the error can cause). The SME assigns each of the characteristics a 

numeric value denoting its level of severity. The analyst multiplies the three values and 

the resulting value rates the priority of each error. This is a similar approach to Failure 

Modes and Effects Analysis (FMEA), which will be discussed in a later section. Lastly, 

the analyst identifies potential remedies, which are the ways to overcome or prevent the 

errors. The analyst identifies potential remedies by brainstorming based on available 

information.  

 

2.3.1.6. Tabulation in SHERPA  

The step of tabulation is omitted in certain instances of SHERPA (Stanton and Stevenage 

1998). Tabulation of the errors determines the effectiveness of the analysis. In some 

cases, tabulation is omitted because it does not contribute directly to the goal of HEI. 
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When it is used, the identified errors are categorized into four categories. Correct 

detection is when the method effectively uncovered a potential error. Correct rejection is 

when the method ignored errors that do not apply. A miss is when the method failed to 

identify a potential error. A false alarm is when the method identifies an error that does 

not apply and fails to ignore it. The judgment of which category an error belongs to is 

usually decided between the SME and analyst.  

 

2.3.2 TAFEI 

TAFEI is an error prediction technique that focuses mainly on the procedures the 

intended user of a device will perform when operating the device. Several studies have 

compared results of HEI studies using TAFEI and SHERPA. While TAFEI generates 

fewer findings than SHERPA, it also introduces less false results as well (Stanton and 

Barber 2005, Stanton and Barber 2002). The following sections discuss the procedures of 

TAFEI. 

 

2.3.2.1. Hierarchical Task Analysis in TAFEI 

HTA in TAFEI is performed using the same methodology as in SHERPA (described in 

Section 2.3.1.1). The difference is that the HTA performed in TAFEI focuses on the 

activity of the human operator of the system instead of the system process. To illustrate 

this, the example of starting a car will be used. In SHERPA, the analyst can perform the 

HTA based on the state of the system, so once the key is in the ignition, the driver turns 

the key to turn on the electrical system, and turns it another click to start the engine. In 

 17



TAFEI, the analyst focuses on only the actions of the driver, thus the HTA provides only 

the action of turning the key the first click, turning the key another click, and so on.  

 
Figure 2: HTA for TAFEI - Starting a car 

 

The HTA of TAFEI for starting a car when the key is already in the ignition is shown in 

Figure 2 above. 

 

2.3.2.2. Error Identification in TAFEI 

After performing HTA in TAFEI, the analyst produces a State-Space Diagram (SSD), as 

shown in Figure 3. The SSD maps a series of states that the system encounters during the 

process of achieving the desired state. In order for the system state to advance from one 

state to the next, there needs to be input from the system operator, and the human 

activities from the HTA are presented as arrows in the SSD connecting the system states. 

As can be seen in Figure 3, when the key is inserted, the system waits for the key to be 

turned. The arrow 1.1 (the 1.1 refers to the corresponding activity on the HTA) signifies 

the turning of the key, which moves the system to the next state where the electrical 

components activate. 
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Figure 3: TAFEI state-space diagram 

 

Based on the SSD, a transition matrix is constructed, similar to the one represented by 

Figure 4. In the transition matrix, the vertical axis is the original state of the system, 

while the horizontal axis is the target state of the system. Each of the transitions are 

classified into three possibilities: impossible, possible but illegal, and legal. The 

impossible transition refers to a transition that will not happen regardless of the actions of 

the human operator. Possible but illegal transitions refer to transitions that could take 

place given the proper operator input, but the transitions would result in errors. A legal 

transition is a transition that satisfies the intention of the subject to generate desired 

results. Table 1 shows an example transition matrix, where the transition matrix shows 

the steps after inserting the key in the key slot to starting the engine. After completing the 

transition matrix, the analyst targets the possible but illegal transitions by identifying 

their potential errors, or making changes to make these transitions impossible (Stanton 

and Barber 2002, Stanton and Barber 2005). This method of error identification is very 

different from the error identification used in SHERPA, and is arguably more systematic 

as it sorts out for the analyst which transitions to focus on. However, SHERPA is more 

focused on the system than on the human, as the SHERPA solutions focus on limiting the 

actions of the human subjects.  

 

 19



 Key in 
ignition 

Electrical 
on 

Engine on 

Key in 
ignition 

= Legal Impossible 

Electrical 
on 

Possible but 
illegal 

= Legal 

Engine on Impossible Possible but 
illegal 

= 
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2.3.3 PREHEP 

PREHEP is a method to predict human error probabilities (HEP) of a system in its design 

phase. It is a quantitative method as opposed to other methods mentioned in this thesis 

because it provides a numerical value of HEP for the system. Using this method, the 

system designer takes into account alternative, more complex system configurations, and 

has the option of placing alarms within their subsystems, thus controlling the likelihood 

of the occurrence of errors in each system. The system designer then breaks down error 

activities associated with the system configuration to obtain HEP values of each activity 

from the Technique for Human Error Rate Prediction (THERP) handbook (Swain and 

Guttmann 1983). The HEP values for each activity are combined to obtain a system HEP. 

This method relies heavily on modeling in order to obtain the HEP result. Figure 5 shows 

a simplified illustration of this technique. The procedure of PREHEP is as discussed in 

the following sections (Visser and Wieringa 2001).  

 

The example is one regarding automotive suspension. Although the PREHEP method 

intended for large industrial systems (mainly due to the fact that the THERP handbook is 

intended for nuclear power generation systems), the example in this section, using an 
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automotive suspension, illustrates the process with less complexity. It assumes the 

designer is interested in designing a suspension for a vehicle that will be operated in off-

road conditions, and therefore during the lifetime of the vehicle, the suspension might 

fail, so maintenance and replacement procedures will have to be taken into consideration 

as part of regular operations. PREHEP helps the designer determine what errors can 

occur, and the possibility of the error occurring due to human error.  

 

FPU

Config1

Config2

Config3

Top Event 1

Top Event 2

Top Event 3

Initiating 
Event 1

Initiating 
Event 2

Initiating 
Event 3

Fault Tree

Operator Act. 
Event Tree 1

Operator Act. 
Event Tree 2

Operator Act. 
Event Tree 3

HEP1

HEP2

HEP3

 

Figure 5: Illustration of PREHEP 

 

2.3.3.1. Identifying the functional process units (FPU) 
 
Each process unit that makes up the system is identified. Process units are sub-systems of 

the system, each performing a clear function. This is similar to HTA but applies to 

systems instead of tasks. For example, in the case of an automobile, one FPU can be the 

suspension assembly of the vehicle. Each FPU has its specific purpose(s), and the FPU 

should specifically address the purpose. In the case of an automobile suspension, the 

purpose is to cushion bumps and jolts from the road surface.   

 21



 

2.3.3.2. Generate alternative configurations 

The analyst identifies multiple variations of each FPU, and the variations can be of any 

complexity as long as the variation fulfills the intended purpose. The variations can be 

due to addressing external factors such as environment and application, and altered by 

changing internal factors such as components and orientation. In the case of automobile 

suspension, different variations currently exist. For example the MacPherson setup, leaf 

springs & solid beam setup, coil springs and solid beam setup, A-arm setup, and trailing 

link setup.   

 

2.3.3.3. Hierarchical Task Analysis and Error Identification in PREHEP 

For PREHEP, the HTA is performed in a more specialized way specifically designed for 

PREHEP. It is a combination of various simple techniques such as event tree and fault 

tree analysis. Due to the complexity, the modeling process will be described in a 

procedural fashion (Lyons et al. 2004, Visser and Wieringa 2001).  

  

1. Identify top events: For each configuration, a series of multiple “Top Events” is 

generated. Top Events are the events that adversely impact the system or the 

operator. Examples of Top Events that can be identified for a suspension 

assembly are misalignment, rust, and loose fasteners.  

2. Identify initiating events: For each Top Event, the analyst creates a fault tree to 

identify the initiating events for each Top Event. Examples of such initiating 
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events for the top event of misalignment can be sagging coil springs, excessive 

load, and bent components. This is represented in the form of a fault tree. 

3. Identify operator actions: Using Operator-action event tree (OAET), the analyst 

identifies the operator action that caused each of the initiating events. The OAET 

starts as a point (an initiating event) in the fault tree, and the sequence of 

observable warning signs that signals this initiating event are mapped. For each of 

the signs, the human operator would have an opportunity to successfully detect 

and correctly diagnose the issue in order to correct it. For example, a sagging coil 

spring (that was previously replaced) can start out as the owner purchasing wrong 

or inferior springs, followed by not fitting properly during installation, and lastly, 

excessive bouncing and abuse during operation. At each of these points, the 

operator could have detected the problem and diagnosed the problem, but when 

not detected, the result is sagging coil springs.  

4. A Diagnosis diagram is created to map the process of error diagnosis. This 

incorporates the information identified in the previous step. Figure 6 is an 

example of a diagnosis diagram for the procedure needed to detect inferior 

springs. It reflects the process described in step 3. Keep in mind that this diagram 

was created for the purpose of demonstration, and the information presented here 

is simplified.  
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Figure 6: Diagnosis diagram for detecting inferior springs for PREHEP 

 

This modeling technique in essence does two things at the same time: It provides a means 

to convert between modeling objects (from system status to human action) and breaks 

down the system to the right format so that individual HEPs can be obtained to determine 

the HEP of the overall system (Lyons et al. 2004, Visser and Wieringa 2001).  

 

2.3.3.4. Calculation of HEP for top event 

The diagnosis diagram provides a list of the actions that the human operator has to 

perform in order to successfully detect and diagnose the error. The HEP values for each 

of the operator activities are obtained from the THERP handbook (Swain & Guttmann 

1983), and the HEP for each system configuration is generated. In the example presented 

in Figure 5, the HEP for detection of inferior springs based on the procedure would be the 
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sum of the HEP values for checking paper specifications, checking fitment, and checking 

driving conditions.  

 

2.3.5. Informal HEI methods 

The methods mentioned thus far, though promising, are rarely applied in manufacturing 

organizations. This section will discuss some of the common methods used to identify 

and resolve human errors in manufacturing. 

 

2.3.5.1. Heuristics 

In certain fields, it is very common for human factors studies to be performed using 

heuristic procedures. During these studies, the participants (analyst and SME) uncover 

human fallibilities following no formal techniques or procedure (Stanton and Barber 

2005, Stanton and Barber 2002). The heuristic techniques used to uncover human 

fallibilities include interviews (Sauer et al. 2000, McGowan and Bohner 1993, Lyons et 

al. 2004), questionnaires (Lyons et al. 2004), observation (Landau and Peters 2006), and 

use of domain knowledge in combination with domain experience (Chaudhry et al. 2003, 

Grabenstein et al. 1996).  

 

Interviews and surveys are very common when assessing manufacturing environments. 

Sauer et al. conducted interviews among computer numerical control (CNC) machine 

operators in order to use their experience, expertise and judgment to draw 

recommendations for improvements (Sauer et al. 2000). Landau and Peters assessed 

various sub-process of an inspection process in an automotive component production 
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plant by analysts using a criteria worksheet to evaluate the workplace of various 

ergonomic features. The researchers performed these assessments by touring and 

observing the operation of the facilities (Landau and Peters 2006). It is worth mentioning 

that even though Landau and Peters did not perform any formal HTA, the process was 

still broken down into smaller sub-processes before analysis. This demonstrates an 

informal mental HTA. 

 

In the fields of medicine, it is common for SMEs, physicians and nurses, to carry out 

HEI. These studies often draw on the experience of one expert, or brainstorming by 

multiple experts. The results, in the form of a list of possible errors, are used to identify 

possible solutions. These methods rely heavily on expert experiences, so they are 

arguably not predictive techniques, and nor are they consistent and predictable 

themselves (Chaudhry et al. 2003, Grabenstein et al, 1996).   

 

2.3.5.2. Five whys 

Five whys is a method that involves asking the question “why?” five times, with the 

intent of tracing an error back to its roots. It is often prescribed as the method to perform 

root cause analysis and fallibility identification for lean implementation (Nicholas 1998). 

This methodology can be demonstrated using a previously used example, where a driver 

has not only failed to start his car, but also scratched his steering column.  

 

The first why: “Why is there a scratch on the steering column?” 

Answer: “The driver misaligned the key and tried to insert the key.” 
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The second why: “Why did the driver misalign the key?” 

Answer: “The driver was sitting in an abnormal position.” 

The third why: “Why was the driver sitting in an abnormal position?” 

Answer: “The seat position was altered.” 

The fourth why: “Why was the seat position altered?” 

Answer: “Somebody else drove the car and failed to set it back to the original position.” 

The fifth why: “Why did the other driver not set it back to the original position?” 

Answer: “The seat can be adjusted 8 ways electronically. It is nearly impossible to 

remember the settings and adjust them back to the exact position even if attempted.” 

 

In the case of this example, a driver sitting in an abnormal position has the potential of 

creating more damage than scratching the interior trim. As part of the solution, some cars 

do offer setting memory for drivers. Some cars also come with a keyless-start function, 

which would also prevent this problem. 

 

2.3.5.3. Traditional FMEA 

FMEA is another HEI method commonly used in lean, project management, risk 

management, and many other domains, although it does not place its emphasis on error 

generation, but rather, organization. It does not specify modeling, and it lets the 

imagination of the analyst run wild to generate possible errors. Possible errors are first 

generated. Upon identifying the possible errors, the analyst ranks the errors by giving 

each of them values for severity, ease of detection, and frequency of occurrence. Having 

these three values for each error, the values are multiplied together to obtain a Risk 
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Priority Number (RPN)/Risk Value, which indicates the importance of the error. In short, 

risk prioritization using FMEA is described in the following equation (Gray and Larson, 

2003): 

 

Severity x Probability x Detection = Risk Value 

 

Both FMEA and Five whys are very commonly used across domains, with the main 

difference being that FMEA is largely a prediction method, and the Five whys is a post-

diction (applied after an error occurs) method. These techniques do not usually involve 

formal processes of modeling, and errors are often identified using ad-hoc methods or 

experience of analysts.  

 

2.3.5.4. Cause and effect analysis 

Cause and effect analysis seeks to identify possible contributors to an error by mapping 

the errors’ cause-effect relationships in a diagram. Other names for cause and effects 

analysis are Ishikawa diagram and fishbone diagram. A team is often required to perform 

cause and effect analysis, and the team identifies the possible contributors of the error by 

brainstorming. An example of a cause and effect diagram is shown in Figure 7 (Nicholas 

2001).  
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Figure 7: Cause and effect diagram for panel gap issue 

 

At the beginning of the analysis, the team considers an error. The error in the case of the 

example in the diagram is irregular gaps between panels on a car. The cause and effect 

diagram commonly breaks the error down into six categories: 

• Manpower errors: caused by the operator.  

• Measurement errors: caused by tolerance issues and dimensioning issues.  

• Material errors: caused by incoming components making up the product. 

• Equipment errors: caused by the tools used to make the product.  

• Environment errors: caused by the nature of the manufacturing environment.  

• Methods errors: caused by the procedures used to manufacture the product.  

The analysts can discard or add new categories depending on the nature of the problem.  
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2.4. Summary of existing methods 

The previous sections have described the modeling methods and human fallibility 

identification methods of various types of HEI techniques. Most modeling processes 

performed for the purpose of HTA are focused on the purpose of “zooming in” on the 

process being studied, and capturing the underlying sub-processes in order to uncover the 

human fallibilities associated with the sub-processes. At the same time, the modeling 

helps the analyst understand the process better, which in turn helps to better identify 

errors and fallibilities. It can also indicate to an analyst that the analyst does not have a 

detailed enough understanding of the process.  

 

Of all the HEI methods discussed in this section, most of them rely heavily on the 

knowledge, skill, and experience of the analyst to identify the possible errors, with no 

formal procedure. The use of such methods to identify human fallibilities is somehow 

ironic, as the analyst can be susceptible to human fallibilities himself. For example, when 

an analyst studies a process, the analyst might fail to recognize cues that represent errors, 

and the analyst is susceptible to various forms of biases such as recency (placing more 

value on more recent information). Additionally, an overworked analyst may also 

experience vigilance decrement. It would be desirable to improve the unsystematic 

characteristic in HEI in order to make it more systematic and thus less susceptible to 

variations in human analyst experiences and performance.  

 

Most HEI methods discussed thus far focus on the physical, observable tasks of 

processes. However, many processes contain tasks that cannot be easily observed, as has 
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been mentioned in section 2.1.1. The next section discusses the nature of invisible tasks, 

and presents a methodology intended specifically for such invisible tasks.  

 

2.5. Invisible activities and Cognitive Task Analysis 

This section discusses the issue of addressing invisible tasks in modeling and Cognitive 

Task Analysis (CTA), a structured method used to extract cognitive information through 

interviewing SMEs. In many HEI methods, the analyst observes the operation of the 

process in order to gain better understanding of the process. Regardless of the HEI 

technique used, there can be certain activities that can be difficult to observe and model. 

The analyst cannot observe the process due to its invisibility, and different analysts often 

perform them differently. 

 

2.5.1. Invisible activities 

One example of an invisible task is visual inspection, which consists of cognitive and 

perceptional tasks (Goebel et al. 2006). Unfortunately, at the same time that visual 

inspection is a difficult task to model and study, it is also a challenging task to effectively 

automate even when various techniques have been developed (Manjeshwar et al. 2006). 

Methods such as CTA attempt to approach the invisible activity by extracting information 

from the activity from human subjects by a series of interviews. Another approach is to 

generalize the tasks by identifying the types of tasks the process requires, as done by 

Goebel at al.  
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2.5.2. Cognitive task analysis 

Methods such as CTA and Applied Cognitive Task Analysis (ACTA) have been used to 

specifically investigate the cognitive process of human operators in a process. These 

methods obtain information by performing multiple interviews with an SME, and 

extracting different types of information each time. For example, ACTA prescribes three 

interviews. The first interview focuses on having the SME break down the process into 3-

6 sub-processes and identify which of the sub-processes involves cognitive tasks. The 

second interview aims at extracting information about skills which an operator gains as 

he gains experience. The third interview aims at understanding the cognitive process of 

the operator during the task by simulating the task (Militello & Hutton 1998). The 

information from the three interviews helps the analyst gain a detailed understanding of 

the process. 

 

2.5.3. Generalized visual inspection model 

Goebel et al. proposes a generalized model for visual inspection, where an inspection task 

is broken down into the three aspects of: Analysis, Synthesis, and Action. Each of these 

subtasks can be further broken down into another level of Analysis, Synthesis, and 

Action. This proposed model is similar to the model of human information processing 

stages (Wickens and Hollands 2000). The main difference between the two models is that 

the Analysis, Synthesis, and Action series of actions is more specific to that of a visual 

inspection task. 
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2.6. Error identification issues 

Although both the SHERPA and TAFEI methods involve a systematic modeling process, 

the identification of human fallibilities in both of these methods still depends largely on 

the knowledge and experience of the analyst without formal procedure, thus the method 

still possesses characteristics which might reduce the accuracy and reliability of the 

results. It is important for a human error identification method to be systematic and 

guided by external aids in order for the methods to be less susceptible to the same human 

fallibilities that are under investigation in the first place. It is not surprising that in the 

study performed by Stanton and Barber (2002), which compared the number of errors 

identified by SHERPA and TAFEI, they found TAFEI to identify fewer errors but 

produce fewer false alarms. TAFEI helps the analyst focus on troublesome transitions 

through use of the Transition Matrix. It thus provides more guidance to the analyst, 

leaving error identification itself less susceptible to the analyst’s fallibilities.  

 

Methods such as PREHEP have their drawbacks as well when it comes to identification 

of human fallibilities. The result of PREHEP is the HEP values of the system component. 

Thus, it can provide a good indication to the analyst of where the system is most 

susceptible to errors or benchmarking between system designs. However, it would still be 

up to the analyst to track back on the operator action event tree and determine the cause 

of the error for remediation (Visser and Wieringa 2001).  

 

Methods such as FMEA, Cause and Effects Analysis, and Five-Whys also depend largely 

on the analyst to have either experienced the error or to predict possible errors based on a 
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limited amount of information given. In summary, many of these methods would benefit 

from more structure and supporting information in the process of identifying possible 

errors. This is a need for future HEI methods to address. 

 

2.7. Discussion 
 
Based on the literature review, there are several ways to categorize HEI methods. This 

section discusses what these categorizes are, and how they can effect the HEI method.  

 

2.7.1. Fallibility-first vs. error-first 

All of the methods described thus far proceed to identify error, and then, when needed, 

identify the human fallibilities that caused the errors. As has been pointed out previously, 

these HEI methods focus on breaking a process down in various ways, and identifying 

errors for each sub-process individually. One problem with this approach is the lack of a 

formal, theory-based connection between the tasks and their plausible errors. The 

methods mostly rely solely on expert experience and skills to identify these possible 

errors. There is, however, a large amount of literature and research available that 

identifies the relationship between the characteristics and nature of tasks, the human 

fallibilities that are associated with them, and the errors that can occur as a result of task-

fallibility interactions. This link between task and fallibility is rarely used in HEI. Thus, 

order of fallibility and error identification is a significant distinguishing criterion for 

present and potential HEI methods.  
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2.7.2. Quantitative vs. qualitative results 

PREHEP is an example of a method focusing on quantitative results. The result from 

performing PREHEP is the probability in which an error would occur in a given process. 

A more common method that is semi-quantitative is FMEA, as FMEA uses the risk 

priority number, RPN, to prioritize failure modes or errors. The qualitative methods 

include SHERPA, TAFEI, and other common methods that focus on analyzing the 

system and the procedure to provide qualitative results. One weakness of quantitative 

methods is that the numerical value does not disclose information as to how the identified 

error or fallibility can be addressed, while qualitative methods often provide such 

information. However, quantitative methods do offer the benefit of providing a numerical 

value for purpose of comparison. Quantitative/qualitative is therefore an important 

dimension of HEI methods. 

 

2.7.3. Heuristics vs. systematic methods 

“Heuristics” typically refers to rules on which one can rely and which usually generate 

satisfactory results. In the context of a HEI method, a heuristic is a method that does not 

rely on a specific procedure or tool, but the analyst uses his best judgment to identify 

errors, perhaps facilitated by a memory aid or list of principles. Many published human 

factors studies performed in the workplace are based on this heuristics method, and the 

results of studies of its effectiveness have been mixed. A method such as FMEA, where 

the analyst brainstorms to predict possible errors is a good example of a heuristics 

method. More systematic methods like SHERPA and TAFEI prescribe a specific 

procedure (and in some causes, procedures within procedure), and may involve specific 
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aids such as forms, tools, and procedures. The purpose of using systematic methods is to 

have a process which is well defined to minimize variations in results. With the use of 

external aids and procedures to guide the analyst, the process would be less dependent on 

the skill of the analyst. The analyst himself is susceptible to human fallibilities as well. 

Heuristics/systematic is a third HEI dimension. 

 

2.7.4. Prospective vs. retrospective methods 

Depending on the purpose of the study, HEI methods can be categorized into prospective 

or retrospective methods. Prospective methods mentioned here include SHERPA, TAFEI, 

PREHEP, and FMEA. These methods attempt to discover possible errors that can occur 

in a system before the occurrence happens. The opposite of such would be the 

retrospective methods, such as the Cause and Effects Analysis and Five whys. These 

methods investigate the error after its occurrence, and because the error has already 

occurred, information gained from retrospective methods can be more accurate. 

Depending on applications, it can be difficult to determine which type of method is more 

useful. In general, in applications where products are plentiful, and carry less cost per 

error, retrospective methods may be more appropriate. On the other hand, prospective 

methods may be more appropriate when the cost of error occurrences carry a greater cost 

than making corrections to a process (for example, manufacturing a commercial jet). 

Prospective/retrospective is this a fourth HEI method dimension. 
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2.7.5. Limitations of HEI methods 

Each of the methods mentioned has its limitations in the errors they can identify. In 

heuristic methods, the skill and experience of the analyst poses a limit, as a skillful 

analyst is able to better study and perform the study compared to an unskilled analyst. 

Such limitations apply during the error identification process of FMEA, PREHEP, 

SHERPA, and TAFEI, as the analyst is charged with performing the error and fallibility 

identification of the process by determining the possible errors and fallibilities with 

similar manners as the heuristics methods. Five-whys and Cause and Effects Analysis are 

limited by the occurrence of the errors. Errors that have not occurred cannot be identified. 

Methods based on detailed experiments (such as the experiments performed for visual 

inspection discussed in 2.1.1) often generate useful results across many domains, but 

these findings can often lack both the precision and the extensibility for practical use. 

 

2.8. Conclusion 

One of the goals of this thesis research is to develop a HEI method that is applicable to 

identify human errors and solutions in visual inspection task in a modern electronics 

assembly processes. However, the method should ideally be able to be applicable to a 

large variety of domains and generate useful, practical results. In the inspection process 

of a modern SMT process, the task of a human is a complex process involving visible and 

invisible tasks. There are also secondary tasks such as monitoring, communicating, and 

locating information. Based on the analysis of existing HEI methods, the following 

presents general requirements for a more satisfactory HEI method for studying the visual 

inspection task of SMT process. 
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In order to perform a useful and complete HEI study, the use of fallibility-first method is 

recommended, where human fallibilities that can exist in the system would be identified 

first, and errors that can result from these fallibilities would be identified. The advantage 

of a fallibility-first approach is that identifying the fallibilities first will lead analysts to 

the potentially problematic characteristics of a process, which will help identify and 

address human errors. This is due to the nature of an error being a result of system 

characteristics and human fallibilities.  

 

The method should also be a qualitative method in order to provide more useful 

information regarding the fallibilities, errors, and solutions. There can be quantitative 

procedures within the method, but the result needs to be qualitative in order for it to be 

applied to real world applications. 

 

The method should be systematic in order to provide reliable results regardless of analyst 

factors and where it is applied. To be systematic, tools, information, and procedures can 

be introduced to assist the analyst. The importance of having an HEI method that is 

systematic through the entire procedure is that the analyst shares the same fallibilities as 

the human subjects being studied. Most of the HEI methods considered systematic in this 

chapter are systematic as far as analyzing the system, but in many cases, the methods in 

which they employ to identify human errors and identify solutions needs to be more 

systematic. 
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The desired HEI method should be a prospective method so it can be applied to processes 

to identify errors before they happen in addition to only finding errors that have already 

occurred. Lastly, the method should ideally not be limited to the knowledge of analysts, 

but letting a large body of human factors knowledge be its limit.  

 

One HEI method meets most requirements we have identified. Systematic Vulnerability 

Analysis (SVA) presented by Funk et al. (2004) provides a good foundation for such a 

method. SVA consists of four main steps: 

1. Modeling is conducted to probe for information from the SME.  

2. Task analysis is performed to further describe the tasks using a list of keywords. 

3. Error identification is performed using an error database.  

4. Vulnerability analysis is performed to prioritize the errors.  

To create a HEI method that fully satisfies requirements identified, the basic concept of 

SVA can be enhanced upon. There are many desirable characteristics in SVA. For 

example, Integrated Definition – 0 (IDEF0) modeling used in SVA is a detailed and 

rigorous modeling method, and provides more than just a model. Error identification in 

SVA is performed using a knowledge database containing errors and tasks. By providing 

to the database tasks performed, the database will suggest possible errors.  

 

 

 

 

 

 39



Table 2-1: Dimensions of HEI methods 

HEI 
Error-
Fallibility 
Order 

Qualitative/ 
Quantitative 

Heuristics/ 
Systematic 

Prospective/ 
Retrospective Limitation 

SHERPA Error first Qualitative Systematic Prospective Analyst 

TAFEI Error first Qualitative Systematic Prospective Analyst 

PREHEP Error first Quantitative Systematic Prospective Analyst 

Heuristics Error first Qualitative Heuristics Both Analyst 

5-Why Error first Qualitative Heuristics Retrospective Error 
Occurrence 

FMEA Error first Both Heuristics Prospective Analyst 

Cause effect 
analysis Error first Qualitative Systematic Both Error 

Knowledge 

“Ideal” HEI Fallibility 
first Qualitative Systematic Prospective Knowledge 

 

 

Table 2-1 summarizes the characteristics of each HEI method studied in this thesis. As 

has been discussed, most of the methods go about studying human errors by first looking 

at the error, and trying to tie it to human fallibilities for each error when needed. Because 

of this, none of the HEI methods that were discussed satisfy the need for an approach that 

identifies the human fallibility prior to the error. 

 

Of all the qualitative methods, only SHERPA formally acknowledges the need to identify 

the human fallibility responsible for the error. Methods such as TAFEI do not address 

possible solutions for the identified error. Most of these methods assume the analysts 

would have their own means of identifying remediation to the errors once identified. It 

can be concluded that although many methods are qualitative, the richness of information 
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they provide can be lacking when remediation is to be considered. It is important to keep 

in mind that the goal of studying human errors in a system is not just to identify human 

errors, but it is to minimize human errors.  

 

In order to minimize human errors, one should focus on human fallibilities in a system 

rather than errors. Understanding the underlying fallibility allows the analyst to take 

advantage of the relationship between human fallibilities and human errors, and the 

relationship between human fallibility and system design. It creates a deeper 

understanding of the human error, and it reveals opportunities in the system (physical and 

procedural) to improve for the purpose of providing solutions to minimize human errors. 
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3. Methodology 

This chapter of the thesis discusses the methodology of Systematic Vulnerability 

Identification and Remediation (SVIR). Using the study conducted on the manual 

inspection process at the facility of the research sponsor as illustration, this chapter also 

discusses the application of the methodology. 

 

3.1. Strategy 

In the literature review chapter, various HEI methods were discussed. Most of them share 

a common overall process. Figure 8 is a flowchart outlining this general process. SVIR 

adopts this general process as a starting point, and makes significant refinements to 

various sub-processes to create an HEI methodology that meets the requirements of SVIR 

identified in the Literature Review.  

 

 

Figure 8: General HEI process 

 

The major variations between SVIR and the general HEI methodology are as follows: 

 

• SVIR employs IDEF0 modeling to conduct HTA.  

• SVIR employs Task Analysis in addition to modeling to further understand the 

process. 
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• SVIR focuses on identifying possible fallibilities in the system first, and then 

identifies the possible errors based on the fallibilities.  

• SVIR uses the HFIRM database to identify human fallibilities.  

• SVIR uses the HFIRM database to assist in identifying solutions.  

• SVIR uses the FMEA methodology to identify and prioritize possible errors.  

 

The SVA methodology proposed by Funk et al. contributed significantly in the formation 

of the SVIR methodology. The largest influence from SVA was the application of a 

database to identify errors based on the nature of a task. The Human Performance 

Database was used in the case of SVA to identify possible human errors based on the 

activity carried out in the task. The advantage of using a database over the mental 

knowledge base of a human factors analyst are many: larger capacity to accommodate 

present and future information, systematic information extraction, and decreased 

dependency on human memory to generate results. Other major influences from SVA are 

the use of task analysis and IDEF0 modeling.  

 

3.2. Methodology overview 

Figure 9 presents the SVIR methodology as a flow chart.  
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Figure 9: SVIR process in the form of a flowchart 

 

The analyst performing the SVIR process starts with understanding the process by 

observing the process in operation and talking to SMEs. Upon having a good 

understanding of the process, the analyst models the process using IDEF0, where HTA is 

an integral part of the process, but IDEF0 goes further than HTA in defining tasks and 

their relationships. With a completed model, the analyst shares the IDEF0 model with the 

SMEs and confirms that the analyst has an accurate understanding of the process. 

Another procedure the analyst can perform to help understand the process is task 

analysis, which can be an optional process for analysts with extensive knowledge of the 
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process (for example, the analyst who is also an SME). In Figure 9, the three steps 

discussed so far are the preparation steps, where the analyst gathers process knowledge 

that is applied in later steps. The process knowledge exists in various forms: analyst 

understanding of the process, IDEF0 model, and completed task analysis worksheet. 

Based on the sub-processes from the IDEF0 model, the analyst uses the HFIRM database 

(described later) to generate a list of possible fallibilities by providing to the database 

information regarding characteristics of the task being studied. From the list of 

fallibilities generated by the database, the analysts and SMEs filter out the fallibilities that 

are not relevant. For each relevant fallibility, the analyst and SME generate at least one 

example of an error the fallibility can propagate to. During this process, some fallibilities 

are eliminated because although they might be relevant, they might not cause errors. The 

analysts and SMEs can prioritize the identified errors using the traditional FMEA 

methodology. The analyst and SMEs, using information from the originating fallibilities 

and HFIRM database recommendations, devise the remediations for the errors. The 

identification of solutions uses a heuristics technique, similar to the method described in 

section 2.3.5.1 (heuristics), but is supported by more information from the report 

generated by the HFIRM database. Sections 3.5 to 3.10 will provide more in-depth 

descriptions of each of the steps described here.  

 

3.3. Pre-requisites 

In order to apply the SVIR methodology to a practical application, there are several 

requirements.   
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• The study needs a well-defined process. The process to be studied using SVIR 

needs to be very specific. One example of such a process is the pre-reflow 

inspection process SVIR was applied to as part of this study. If there is a need to 

perform HEI on a large process, the process should be broken down into smaller 

sub-processes and the analyst performs HEI on each of the sub-processes 

separately.  

• The study requires an IDEF0 modeling tool. In order to model processes using 

IDEF0, the analyst needs access to a means of modeling using IDEF0. Various 

software packages are capable of performing IDEF0 modeling.  

• The analyst needs access to the HFIRM database. The Human Fallibility 

Identification and Remediation Methodology (HFIRM) database contains an 

extensive collection of human fallibilities, and provides the analyst with two 

major types of useful information: 

o Human fallibilities: Information regarding the nature of systems and 

processes the analyst uses to identify the kinds of human fallibilities that 

can exist in the system. 

o Human fallibility remediation: Along with the fallibilities, the database 

also contains tips and suggestions to assist in identifying remediation 

specifically for each fallibility.  

• The analyst must work with one or more SMEs to understand the process. Like 

many other HEI methods, SVIR requires the involvement of one or more SMEs. 

The purpose of the SMEs in SVIR is to provide detailed information regarding the 

process in question, to work with the analyst to filter fallibilities, and to develop 
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possible error scenarios for the system. The degree of SME involvement is 

dependent upon process knowledge the analyst has in regards to the process, 

because the role of SME is to supplement this process knowledge.  

• The SVIR process needs one or more analysts. The analyst in SVIR provides the 

human factors, SVIR, and IDEF0 modeling knowledge. The analyst is in charge 

of carrying out the procedures required by SVIR. 

 

3.4. Description of study location 

As background to the application sections of this chapter, this section describes the 

surface mount technology (SMT) process of the sponsor. The SMT discussed here is a 

standard SMT process capable of mounting electronics components onto printed circuit 

boards (PCBs). The process is composed of a solder paste dispenser, multiple pick and 

place machines linked in series, and a reflow oven. A conveyor system links the 

machines to each other. The unpopulated PCB starts in this process by entering the solder 

paste dispenser. Using a stencil, the dispenser transfers solder paste onto the solder pads 

on the PCB. The PCB then enters the pick and place machines where components are 

placed onto the board. The PCB leaves the pick and place machines populated with 

electronics components. An inspector performs manual inspection of the populated PCB 

for its board conformity, component population, and component placement. When the 

inspector finds components needing adjustments, the inspector manually corrects them. 

The inspector then manually places components on the PCB that the pick and place 

machines were not capable of placing, and then sends the PCB through the reflow oven. 

Figure 10 is a representation of the workspace. 
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Figure 10: Workspace layout 

 
SVIR was applied to the pre-reflow inspection process because it is a key process where 

the human inspector plays a major role. It is the last opportunity for modifications 

without having to melt the solder and solder on a new component manually, a costly 

process. The pre-reflow inspection process starts when a populated PCB arrives on the 

conveyor from the last pick and place machine in the series of pick and place machines. 

The inspector locates the work order and uses it to identify the model of the current PCB, 

uses a program called OPIE to pull up special build instructions, and loads the diagram of 

the PCB using a database program called iView (an on-line documentation tool from 

Aegis Industrial Software). iView displays a diagram of the PCB on a computer monitor 

behind the conveyer system. There are also other sources where the inspector can obtain 

additional information regarding the board or the inspection process, including waivers, 

instructions, and upstream operators.  

 

There are secondary tasks the inspector must perform before inspecting the PCB. An 

example of such a secondary task is for the inspector to determine and set a temperature 

profile for the reflow oven based on the board specifications.  
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During the inspection of the PCB, the inspector checks four criteria:  

 

• Board match: The inspector checks if the populated PCB that arrived at the 

inspection station is the one planned on the work order.  

• Board population: The inspector checks the populated PCB to see if the 

components are placed in locations they are designed to be placed, and 

unpopulated where no components should be placed.  

• Type of component: The inspector checks the components on the PCB to make 

sure they are the right components.  

• Component orientation: The inspector checks the components on the PCB to see 

if they are oriented correctly. Components can be positioned slightly rotated or 

shifted. Another issue with certain components is the risk of the components 

being rotated 90 or 180 degrees. 

 

The next sections describe the SVIR procedure discussed in section 3.2 in further detail, 

and illustrate it by application to the SMT inspection process. 

 

3.5. Step I - Observation and modeling 

The purpose of observation and modeling is for the analyst to gain a good understanding 

of the process during operation and capture the process in the form of a model. In SVIR, 

the observation and modeling of the process are parallel activities performed by the 

analyst with input from the SMEs. In several studies, IDEF0 was determined to be a good 

way to communication, learning, and record processes (Mayer and Cecil 1994, McGowan 
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and Bohner 1993). This is especially important when there are multiple members from 

varying domains participating in the process. 

 

3.5.1. Observation and modeling methodology 

In SVIR, the analyst gathers information using various methods. The methods include 

interviewing SMEs and other individuals who work directly with the process, having 

SMEs explain how the process works, observing the process in operation, and taking part 

in performing the process. In parallel with gathering information regarding the process, 

the analyst creates an IDEF0 model using the information and performs HTA. Gathering 

information using a combination of various methods is good, as long as it satisfies the 

purpose of helping the analyst understand the process.  

 

As in many other HEI methods, the purpose of HTA in SVIR is to break down the 

process into sub-processes to reveal a more detailed view of the portion of process of 

interest. When performing IDEF0 modeling for SVIR, it is with placing the top-level (A0 

level) of the model two levels above the process of interest, and breaking down the model 

at least one level beyond the process of interest. This range in the level of detail is ideal 

for the following reasons: 

 

1. It produces a broader view to know about the other processes that influence the 

process of interest.  

2. It investigates what other processes the personnel of interest perform.  
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3. It investigates the travel path of information and physical materials across sub-

processes and vertical propagation.  

 

IDEF0 modeling is useful in studies as a communication and process-mapping tool. It is a 

suitable modeling method for these studies because it shows process dependencies, 

process functions, resources, and other such important information of the process. 

Programs such as AIOWin allow the analyst to build hierarchies (Mayer and Cecil 1994, 

McGowan and Bohner 1993).  

 

Figures 11 and 12 below present an example of a generic IDEF0 model. Figure 11 is the 

top-level representation of the task referred to as the A0 level, and upon decomposing the 

task, the second level are sub-processes of the A0 process.  
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Figure 11: Representation of A-0 diagram 

 

 

 

Figure 12: Representation of decomposed A0 diagram 

 

SVIR uses IDEF0 modeling due to its many advantages:  

• IDEF0 satisfies the needs for HTA but in a richer and more rigorous manner.  
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o It breaks down the process, which is the basic need of HTA. 

o It helps build a shared understanding between the analyst and SMEs. 

o It is useful as a communication tool. 

• IDEF0 requires the analyst to know the system very well to generate a complete 

and accurate model.  

• Four additional aspects of the sub-process are included that captures process-

process and process-environment relationships: inputs, outputs, controls, and 

mechanisms 

o Inputs: Incoming objects in a process/sub-process that are transformed by 

the process. They may come from other sub-processes or from outside the 

system. 

o Outputs: The input objects transformed by the process. The output can 

often become inputs, controls, and mechanisms for other sub-processes. 

o Controls: The objects that provide guidance, facilitation, or constraint to a 

process. They may come from other sub-processes or from outside the 

system. 

o Mechanisms: Objects that are used to perform the process. 

 

For the purpose of applying SVIR to inspection tasks in manufacturing settings, an 

indication that the proper level of sub-process details has been reached is when the tasks 

that make up the sub-process can be represented with the four stages of human 

information processing: Sense, Remember, Evaluate, and Act (or a similar set of tasks). 

The sense task involves gathering the desired information by various means of sensing 
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modes. The sensory information is then encoded and stored in working memory. Using a 

combination of information from long-term memory, working memory, and cognition, 

the human forms an action plan. The last activity of this cycle is the performance of the 

planned action, where the human carries out the planned action. In the case of the SMT 

pre-reflow inspection process, the inspection task (the inspector does perform other tasks 

besides inspection) is performed in this loop. The inspector first gathers information 

about the populated PCB and remembers the information. The inspector locates the 

portion of the PCB to inspect, determines if the portion of the PCB contains errors, and if 

it does indeed contain errors, determines how it is to be corrected. Lastly, the inspector 

carries out the correction. Upon completion of the correction, the inspector repeats the 

process on another portion of the PCB until the entire PCB is completed. 

 

3.5.2. Observation and modeling applied to SMT inspection 

This application of SVIR started with a tour of the process involving the analyst (the 

author) and an SME during an initial visit to the facility. During the tour, the SME 

explained the details of each process, and provided examples of prior errors. It was also 

at this first visit where the methodology, IDEF0, and requirements of SVIR were 

explained to the SME. After the initial visit, a high level IDEF0 model was created to 

describe the process, and was shared with the SME to confirm that the model accurately 

represented the process. This model started with an A-0 level of the entire SMT process 

and an A0 level of a breakdown of the SMT process. 
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Figure 13: (A-0) Overall SMT process 

 
The A0 model started from the overall process of SMT, to assemble electronic 

components. To be specific, the SMT process attaches electronic components on a PCB. 

The process utilizes machines such as the pick and place machine, operated by operators 

and technicians, supported by various equipments and tools. The process is guided by 

board specifications, instructions in the workspace, and other instructions, such as 

previous training and verbal instructions.  

 

The A0 diagram is broken down into six main sub-processes as shown in Figure 14. The 

reflow oven and solder dispenser need to be powered-on and prepared. The pick and 

place machine needs to be powered-on and programmed. The actual assembly of the 

board consists of four sub-processes: dispense solder, place components, inspect the 

board, and cure the solder paste using the reflow oven.  
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Figure 14: (A0) Break down of SMT process
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Upon having a good understanding of the higher-level process, a second plant visit 

followed for gaining better understanding of the pre-reflow inspection process. The bulk 

of the second visit was spent observing the inspector and understanding the procedures. 

Written procedures were available on an overhead poster above the workspace, which 

provided information regarding the information the inspector should obtain before 

starting the inspection procedure and the aspects of the boards to inspect during the 

procedure. The observation focused on how the inspectors perform the inspection 

process. Upon gaining a satisfactory understanding of the process, the analyst conducted 

some inspection himself to gain first-hand experience for the task. The inspectors 

oversaw the performing of the inspection to insure the procedure matched the procedure 

usually taken by the inspector.  

 

Figure 15 shows the IDEF0 diagrams of a break-down of sub-process A5. These are the 

tasks performed by the inspectors in the pre-reflow inspection process. The inspector 

prepares and reviews PCB information, programs the reflow oven, inspects the PCB, and 

installs components the pick and place machine was unable to install. 
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Figure 15: (A5) Program reflow oven and inspect board 
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The model of the task of inspecting the PCB was broken into the four aspects to inspect: 

board match, component placement, board population, and component orientation. Even 

though the four inspection aspects are often performed simultaneously, they were 

modeled separately in order to study each of them independently as shown in Figure 16.  

 

Figure 16: (A53) Inspect board 
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The model was developed to the next level of detail where the four inspection criteria 

were broken down to the tasks of obtaining information, viewing and comparing captured 

information to visual information, and adjusting the components when found to need 

adjustments. The breakdown of the four aspects of inspection is shown in Figure 17, 

Figure 18, Figure 19, and Figure 20. 

 

To inspect the board match, the inspector looks at the iView diagram to learn the overall 

shape of the board, and scans the board and its components to make sure the board 

matches the iView diagram. This is represented by Figure 17. 

 

Figure 17: (A531) Inspect for board match 
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In the inspection for component orientation or placement, the inspector learns from the 

iView diagram what components to expect on the PCB. The inspector visually checks for 

the components to make sure they are within acceptable tolerances in regards to the 

placement angle, offset, and tilt. When the inspector detects that components are placed 

beyond tolerance, he/she corrects them on the spot. 

 

Figure 18: (A532) Inspect for component placement 
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The inspection for board population determines if the pick and place machine placed the 

components on pads where the components should exist. The inspector looks at iView to 

understand the section of the board, and scans the physical board to make sure the 

component population is as indicated on the iView display. This is represented by Figure 

19. 

 

Figure 19: (A533) Inspect for board population 
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Due to the component design and the packaging format of the components, some 

components are at risk of being rotated 90 or 180 degrees and can be hard to detect unless 

the inspector is specifically informed. To begin this inspection process, the inspector 

searches for components that might be at risk based on information from OPIE and 

iView. The components are then located on the physical board, and their rotation verified 

based on “Pin 1” markings on both the board and the components.  

 

Figure 20: (A534) Inspect for component rotation 

During the four inspection tasks, it is evident that they are composed of almost the same 

three tasks:  

1. Perception: gathering information regarding the board. 

2. Assessment/Cognition: visually inspecting the PCB, deciding if the PCB contains 

errors from pick and place machine.  
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3.  Action: (Existing in only component orientation inspection (A533)) adjusting 

components.  

 

3.6. Step II: Task analysis 

Task analysis is an activity where the analyst studies processes, extracts information, and 

organizes the information. This can be a very useful activity for studying, processes 

decomposed by IDEF0. The task analysis activity in SVIR is a simplified version of task 

analysis adopted from Chapanis (1996). 

 

3.6.1. Task analysis methodology 

In SVIR, task analysis is performed using an Excel worksheet, in which the analyst notes 

multiple aspects of the process. Figure 21 presents a sample blank worksheet.  

 

ID / Subtask Location / 
Environment 

Frequency 
& Timing 

Memory 
Information 

Evaluations 
/ Decisions 

Actions 

      

      

Figure 21: Task analysis worksheet 

 

The columns of the worksheet are as follows: 

• ID/Subtask: This field contains the names of the corresponding tasks in the IDEF0 

Model. This can include several similar tasks. Examples of these similar tasks are 

the four checking tasks the inspector performs on each board, each checking for a 

different criteria.  
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• Location/Environment: This field contains information regarding the location 

where the task takes place and what the location is like. Descriptions of lighting, 

sound, heat, and other environmental factors belong here.  

• Frequency & Timing: This field contains information regarding the number of 

repetitions of the task in a given amount of time, and the amount of time it takes 

to perform the task.  

• Memory Information: This field contains information regarding tasks involving, 

using, or storing information in memory. It reflects how the subject obtains and 

uses the memory, and the amount and complexity of the information to be stored.  

• Evaluations/Decisions: This field contains information regarding evaluation and 

decision activities in the task.  

• Actions: This field contains information regarding performance of a physical task, 

such as the adjustments performed to correct the orientation of electronic 

components. 

 

Upon completion of task analysis, the analyst should have a clear understanding of the 

process, verifiable by the SME, by viewing the IDEF0 model and the task analysis 

worksheet.  

 

3.6.2. Task analysis in practice 

For the SMT process, task analysis was conducted before beginning to identify human 

fallibilities. In the case of this study, task analysis refreshed the memory of the analyst 

regarding the inspection process. Three separate task analyses were performed, one for 
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each of the inspection sub-tasks. They are shown in Table 3-1. Note that tasks having 

identical information are grouped in a single row, rather than by duplicating information 

in multiple rows. 

 

Table 3-1: Task analysis 

IDEF0 
ID 

Location / 
Environment 

Frequency / 
Timing 

Sensory 
Information 

Memory 
Information 

Evaluations / 
Decisions 

Actions 

A5311 
A5321 
A5331 
A5341 
 
 

1. Located in 
workspace 
between PnP 
and reflow 
oven. 

2. Computer 
located in 11 
o’clock 
direction. 

3. No vibration 
4. Well heated/ 

cooled. 
5. Moderate 

noise & light. 

1. Performed 
multiple times 
per board. 

2. Lasts under 30 
seconds per 
iteration.  

3. Inspector 
could have 
been 
inspecting all 
day. 

1. View 
information 
from iView, 
work order, 
and 
waivers. 

2. View 
information 
from 
physical 
PCB. 

1. Recall work 
instructions. 

2. Recall 
component / 
board info if 
available. 

 

1. Evaluate 
available 
sources of 
information. 

2. Evaluate 
information 
reliability. 

1. Gain access 
to 
information 
sources.  

2. Perform 
secondary 
tasks. 

 

A5312 
A5322 
A5332 
A5342 

1. Inspector 
remains at the 
same 
workspace. 

 

1. Performed 
multiple times 
per board. 

2. Last under 
several 
seconds. 

3. Inspector 
could have 
been 
inspecting all 
day. 

1. View 
information 
from 
physical 
PCB. 

 

1.   Remember 
waiver 
information. 

2. Remember 
waiver 
information 
and mentally 
override 
corresponding 
iView 
information. 

3. Recall 
component / 
board info if 
available. 

1. Decide if the 
board is the 
right board.  

2. Decide if the 
components 
are correctly 
populated. 

3. Decide of 
right 
components 
exist.  

4. Decide of 
component 
needs 
adjustments.  

1. Tap 
components 
to feel if they 
are secure. 

A5323 1. Inspector 
remains at the 
same 
workspace. 

2. Requires 
turning to 
access tools. 

1. Performed 
multiple times 
per board.  

2. Can last up to 
minutes.  

3. Inspector 
could have 
been 
inspecting all 
day.  

1. Constantly 
scan during 
adjustments. 

2. Look for 
tools.  

1. Recall 
decision on 
components 
that needs 
adjustments.  

2. Recall 
performed 
adjustment. 

1. Evaluate the 
types of 
adjustments 
needed.  

2. Evaluate of 
adjustments 
meets the 
requirement.  

1. Make 
adjustments 
using tools 
provided.  

2. Install board 
supports.  

3. Install 
components.  

 

 

3.7. Step III: Human fallibilities identification 

The purpose of this step is to identify the human fallibilities that, interacting with 

characteristics of the system, can manifest themselves as human errors. The literature 
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review of this thesis concluded that many existing HEI methods perform this activity by 

having the SME and analysts carry out brainstorming activities. Such methods depend 

highly on the knowledge and experience of the SME and the human factor analyst, and 

are unsystematic and therefore prone to errors. The HFIRM database used in SVIR is an 

aid to identify human fallibilities, improving the process of identifying errors. 

 

3.7.1. Brief overview of HFIRM 

As mentioned before, a significant amount of research has been performed to identify 

human fallibilities. Many human factors textbooks contain a large collection of identified 

human fallibilities. The collection of human fallibilities and detailed information in 

Engineering Psychology and Human Performance (Wickens & Hollands, 1999) inspired 

the creation of the HFIRM database. The HFIRM database is a Microsoft Access 

database used to support the HFIRM framework developed by Thompson (2008). 

Information regarding the fallibilities is stored in the database, including the human 

information processing stages that the fallibilities tend to exist in, the necessary 

conditions for the fallibility to manifest as errors, categories of the human fallibilities, 

and guidelines to counter the fallibilities. Using this information, the database “filters” 

the fallibilities for the analyst, exporting a list of relevant fallibilities based on the system 

process information supplied by the analyst to the database. The database systematically 

elicits information from the analyst through the selection of relevant options in a five-step 

process. During the elicitation process, the database displays a list of statements, and the 

analyst selects the statements that apply to the process. The database probes for input 
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from the analyst in six selection steps. In each successive step, the HFIRM database asks 

the user to: 

 

1. Identify the human information processing stages that are most relevant to the 

task being analyzed. 

2. Identify the categories of fallibilities that can occur in the process. 

3. Identify the necessary conditions that match the fallibility categories relevant to 

the system. 

4. Identify the specific human fallibilities that are of interest. 

5. Identify the necessary conditions for the specific fallibilities that exist in the 

system. 

6. Display the identified fallibilities and permit the analyst to enter notes, such as 

recommendations for countermeasures to reduce errors 

 

3.7.2. Methodology of human fallibility identification in SVIR 

By providing the database with the required input, the database develops a list of 

fallibilities along with their definitions and guidelines from Wickins and Hollands (1999). 

The results from the database is in the form of a report that may be stored in electronic 

form or printed. The report provides four types of fallibility information:  

 

• Human Fallibility: Contains the name of the human fallibility.  

• Definition: Defines the human fallibility in detail.  

 68



• Guideline: Provides information that could aid in resolving and preventing the 

manifestation of the fallibility and causing human error.  

• Notation: Provides space for explanation notes to be entered by the analyst during 

step 6.  

 

Even though one of the purposes of the HFIRM database was to help locate fallibilities 

that are relevant to the specific task in question, it is still very likely the database will 

generate fallibilities that are not relevant to the tasks. This can be due to many reasons, 

one of the biggest being user error. In general, it is highly recommended that the analyst 

manually review the list of fallibilities generated by the HFIRM database and discard the 

fallibilities that are not relevant to the task. 

 

3.7.3. Using the HFIRM database in practice 

The HFIRM database was applied to identify human fallibilities in the pre-reflow 

inspection as prescribed in the SVIR methodology. This section walks through the 

database form by form for the component adjustment process as demonstration. Each of 

the three tasks (Perception, Assessment/Cognition, and Action) was put through the same 

process.  
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The first page of the database, shown in Figure 22, outlines the process of the database.  

 

 
Figure 22: Introduction page of the HFIRM database 

 
By clicking “next”, the analyst proceeds to the next step.  

 

Step 1 asks the user to choose the stages of human information processing this task 

employs. For the task of adjusting components, the inspector relies mainly on attention 

allocation, working memory, decision-making, and response control. Even though 

response control best identifies the human information processing stage of task, other 

stages also play minor (but still important) roles in this process. Attention allocation 

affects how well the inspector focus on the task, and how effectively the inspector 

evaluates the placement of the component after adjustments. The inspector relies heavily 

on working memory during the process of adjusting components by constantly evaluating 

the components according to the requirements of the components. The component 
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adjustment process also involves many decision making aspects, an example of which is 

the need for the inspector to evaluate if the adjustment is successful, or of more 

adjustments are needed. Response control is the main stage, and it best describes the 

action of the inspectors physically adjusting components. Selections are made and the 

“next” button is selected. 

 

 

Figure 23: Step 1 of the HFIRM database 
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In step 2, the analyst selects relevant human fallibility categories. Although a “select all” 

function is provided, it was seldom used to avoid the inclusion of irrelevant fallibilities. 

Numerous relevant categories were selected. For example, training bias affects the 

adjustment of components because inspectors were trained on the methods to adjust 

components, and the inspectors continue to employ the skills obtained during training 

during inspection. Decision making bias was a key category in the activity of checking 

for components placement errors, and it is relevant for the component adjustment activity 

because the inspectors would have to decide the types of technique to use, the tools to 

use, and evaluate the result of the adjustment.  

 

Figure 24: Step 2 of the HFIRM database 
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Step 3 of the HFIRM database presents a list of necessary conditions that would have to 

exist in order for the fallibilities to manifest themselves as errors of the selected fallibility 

categories. The analyst makes the appropriate selections of those that actually are present 

in the tasks.  

 

Figure 25: Step 3 of HFIRM database 
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In step 4, specific human fallibilities are displayed with definitions of the fallibilities. 

Fallibilities determined to be relevant to the process are selected. For example, the 

training design effectiveness was selected because training is one of the factors that can 

influence the performance of the inspector, and is an opportunity for remediation.  

 

Figure 26: Step 4 of the HFIRM database 
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In Step 5, the HFIRM database presents a list of specific fallibilities (that were presented 

in step 4) and necessary conditions/task characteristics. The analyst makes the 

appropriate selections by selecting the fallibilities that are relevant to the process and the 

conditions presented with the fallibility is relevant to the process. This completes the 

selection steps. 

 

Figure 27: Step 5 of the HFIRM database 
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The database displays the fallibilities as a report. Fallibilities are displayed one per page, 

showing the name of the fallibility, the definition of the fallibility, and the guideline for 

overcoming the fallibility. The box labeled “notes” is for the analyst to enter notes 

regarding the fallibility. The analyst can navigate through the pages using the navigation 

arrows on the lower left side of the worksheet. 

Figure 28: Step 6 of HFIRM database 
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Upon selecting the “Generate Report” button in step 6, the database generated a report 

containing the human fallibilities that are relevant to the process, along with their 

definitions and guidelines to address the fallibilities. If the analyst entered notes in step 6, 

the notes are generated with the report as well.  

Figure 29: Report generated by the HFIRM database 

 

A soft copy of the printout generated by the database was saved on media, and a hard 

copy printed.  

 

3.7.4. Manual review of database results 

To manually filter out the fallibilities that were not relevant in this step, the analyst 

reviewed the three printouts individually. The fallibilities that were determined to be 

irrelevant to the task in question by the analyst were discarded by physically crossing out 
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the fallibility on the hard copy. The fallibilities that were crossed out were mostly ones 

that focus on irrelevant information modes, location characteristics, and task 

characteristics. Table 3-2 shows the number of relevant fallibilities identified by the 

database and the number of fallibilities determined to be irrelevant by manually filtering 

of the fallibilities.  

  

Table 3-2: Manual filter 
 Perception Assessment/Cognition Action 
Fallibilities Generated 46 43 33 
Fallibilities Crossed Out 15 11 17 
 

This step in theory is not required if the analyst takes extra care during the selection 

processes. Irrelevant fallibilities that are not discarded here generate more work in 

coming steps. 

 

3.8. Step IV: Converting fallibilities to errors 

This step serves several purposes. The importance of it is to identify the errors that result 

from the fallibilities. During this process, the analyst can discover that some of the 

fallibilities that passed all the filters so far might not actually cause any negative impacts 

to the process. Another purpose of this step is for the analyst to understand the 

fallibilities.  

 
3.8.1. Methodology of conversion 

Upon removing all fallibilities that are determined to be irrelevant to the process, the 

remaining fallibilities are transferred to a Microsoft Excel spreadsheet to sort and 
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understand the fallibilities and relate the fallibilities to errors. Figure 30 shows the format 

of the Fallibility Spreadsheet.  

 

Applicable tasks Human fallibility Definition Where (example) Potential error 
     

     

Figure 30: Fallibility Spreadsheet 

 

As can be seen in Figure 30, the Fallibility Spreadsheet has five columns. The analyst 

inserts the tasks and their information one row at a time. Each row in the spreadsheet 

helps the analyst relate the fallibility into one or more potential errors. The columns are 

as follows: 

 

• Applicable Tasks: Refers to the IDEF0 tasks investigated in the HFIRM database 

search. 

• Human Fallibility: Presents the name of the human fallibility generated by the 

HFIRM database.  

• Definition: Although the output from the HFIRM database does define the 

fallibility, the definition is usually generic. The analyst and SMEs generate a 

definition of the fallibility in words specific to the process.  

• Where (example): The analyst and SMEs identify where in the process this 

fallibility can manifest itself into a human error, and what form the error takes. 

During this process, the analyst might actually learn that although the fallibility is 

applicable to the process, it might not actually manifest itself in a negative 
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manner. For example, when the location is too broad or difficult to describe, an 

example that illustrates the error can suffice.  

• Potential Error: The specific error is described here. It can be of two forms, 

depending on the nature of the fallibility. 

o When an error occurs due specific to the fallibility, the error is described 

in this cell.  

o When a fallibilities that does not directly cause an error, but its existence 

make the error more likely. These are the stressors, and thus for these 

fallibilities, its potential error cell is marked “stressor”. 

 

3.8.2. Conversion of fallibilities in practice 

Using the methodology described in 3.8.1, the analyst transferred the fallibilities from the 

HFIRM database printout to the Error Spreadsheet. The analyst generated definitions 

based on the understanding of the process (from the IDEF0 model and Task Analysis), 

the nature of the human fallibility, and the definition provided by the HFIRM database 

printout. The location of the error in the system and potential errors were identified using 

similar means. Tables 3-3, 3-4, and 3-5 below show the Error Spreadsheet used to link 

human fallibilities to potential errors in the application to SMT.   

 

Table 3-3: Error spreadsheet for perception 

Activities Human Fallibility Definition Where/examples Potential errors 
A5311 Bottleneck effect Unable to perform multiple tasks 

concurrently
Concurrent tasks in 
prepping stage

Forgetting to set oven 
temperature. 

A5321 Canonical orientation Making less accurate judgments 
when viewing from unfamiliar 
viewpoint

Looking at iView: 
which is a 2d 
representation of board 

Misidentifying 
components shown on 
iView.  

A5331 Central executive 
limitations 

Tasks that uses the same central 
executive working memory cannot 
perform well at the same time
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A5341 Color automaticity Color can be used concurrently 
with other stimuli

  

 Environmental stressor 
effect 

Noise, temperature, light, vibration, 
acceleration, and pressure

Light and noise 
throughout

Stressor 

 Equipment design effect Design of equipment influences the 
type/frequency of errors

Placement of 
workspace components 

Inspectors “getting lost” 
scanning the board.

 Error correction training 
effect 

Practice and training can help 
inspectors correct errors better

  

 Expertise chunking 
facilitation 

Experience leads to more efficient 
chunking

Memorization of 
component info

Failing to remember 
component info

 Expertise based stress 
coping 

Skilled inspector performs better 
than unskilled under stress

Throughout Stressor 

 Intramodality stress 
decrement 

Tasks of the same modality cannot 
be efficiently performed. 

Throughout: especially 
during inspection

Stressor 

 Map clutter Too much information causes: 
distraction, increased navigation 
time and errors

iView is similar to a 
map. 

Failing to properly 
encode a portion of 
iView 

 Memory retrieval error Error in recalling information in 
LTM

Use of info in LTM to 
perform high level tasks 

Misidentifying 
components in iView

 Process code resource 
conflict 

Tasks can time share efficiently 
when use different resources

  

 Proximity compatibility Performance degrade when 
information display is located in a 
different spatial orientation

iView monitor iView monitor is 
displayed 90 degrees 
from board 

 Resource allocation 
trade-off 

Investing too much attention to one 
task, and too little to another

  

 Running memory 
confusability 

Attributes of one object can 
interfere with the attribute of 
another

Components have 
attributes that can be 
similar to each other

Confusing 
characteristics of 
components 

 Skill type retention bias Perceptual motor skills easier to 
remember than instructions

  

 Skilled memory 
advantage 

Experts can use info in LTM to 
quickly encode info

Similar boards might 
have been done.

Assisting in encoding 
info 

 Stage-defined resource 
effect 

Tasks that requires 
perceptual/working memory is 
more efficiently time shared

  

 Strategic task 
management bias 

During high workload, sub-optimal 
planning strategy is often used for 
concurrent task management

  

 Stress interaction effect Stress interact with each other to 
amplify or decrease stress

Throughout: Light and 
noise

Stressor 

 Stress performance 
influence 

Stress increases performance when 
arousal is low, but when high 
arousal, performance suffers

Throughout: Light and 
noise 

Stressor 

 Stress induced 
distractions 

Stress can divert attention from the 
task 

Throughout: Light and 
noise

Stressor 

 Stress induced 
perceptual tunneling 

Stress causes inspectors to narrow 
their range of information. 

Throughout: Light and 
noise

Stressor 

 Subjective workload 
disassociation 

Workload evaluation can be 
effected by the environment

Throughout: Workload Stressor 

 Sub-optimal resource 
allocation 

Allocation of too much resource to 
automatic of data-limited tasks

  

 Task design stressor 
effect 

Characteristics of the task and 
process can induce stress.

Workspace design Stressor 

 Unique feature 
advantage 

Unique features makes better 
landmarks

  

 Working memory 
capacity 

Person usually has about 5-9 
chunks of working memory

Chunking when 
capturing information

Failing to properly 
encode components

 Working memory 
duration 

Working memory usually last 
around 10-15 seconds

Time after information 
capture

Forgetting captured 
information 

 Workload effect Subjective workload can impact 
performance

Throughout: Workload Stressor 
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Table 3-4: Error spreadsheet for assessment/cognition 

Activities Human Fallibility Definition Where/examples Potential errors 
A5312 Absolute judgment edge 

effect 
Inspectors identify stimuli better on 
the extremes of the categories 

Having to decide 
good/bad 

Unable to decide if the 
part require adjustment 

A5322 Beta placement bias 
(expertise) 

Experts tend to use lower criterion 
settings 

Having to decide 
good/bad 

Letting faulty parts slip 

A5332 Beta placement bias 
(individual) 

Inspectors tend to either be too 
risky or conservative 

Having to decide 
good/bad 

Letting faulty parts slip 

A5342 Environmental stressor 
effect 

Noise, temperature, light, vibration, 
acceleration, and pressure 

Light and noise Stressor 

 Equipment design effect Design of equipment influences the 
type/frequency of errors 

Placement of 
workspace components 

Stressor/Fatigue 

 Expertise chunking 
facilitation 

Experience leads to more efficient 
chunking 

  

 Expertise based stress 
coping 

Experts copes with stress better Throughout Stressor 

 Fixation (single 
channel) 

Under stressful conditions, 
inspector can focus on one cue and 
ignore others 

Throughout: There are 
4 main aspects to check 

Failing to discover a 
badly placed 
component 

 Memory retrieval error Error in recalling information 
stored in LTM 

Recall of information, 
prior to compare 

Wrong assumption 
regarding the 
component/board 

 Multiple-dimension 
judgment limitation 

Hard time to remember different 
levels of classification 

Needing to decide the 
type and severity of 
error 

Unable to identify the 
right way of error 
correction 

 Proactive memory 
interference 

Information received before the 
stimuli disrupts the recall of stimuli 

Prior to inspection, 
after getting initial info 

Information from other 
operators taking over 

 Retroactive memory 
interference 

Information received after the 
stimuli disrupts the recall of stimuli 

  

 Sampling bias (FOV) Useful FOV is limited to 1-4 
degrees 

  

 Sampling bias (saliency) Objects that are big, shiny, 
changing, and colorful draw 
attention.  

Large components with 
shiny heat sinks 

Components not getting 
inspected due to a cool 
component around 

 Sampling bias 
(Singletons) 

Unique objects draw attention.  Large components with 
shiny heat sinks 

Components not getting 
inspected due to a cool 
component around 

 Sampling bias 
(structured search) 

Inspectors may employ specific 
heuristics, due to available 
information 

After recalling of info, 
more popular with 
experienced inspectors 

Might miss certain 
components 

 Sampling bias 
(unexpected events) 

Inspectors act driven by their 
expectations, missing unexpected 
events 

Throughout inspection Minor changes are done 
to a board, thus 
misleading inspector 

 Sampling bias (visual 
arrangement) 

Use of simplified heuristics when 
visually sampling info channels 

  

 Sensitivity 
suboptimality 

Unable to separate signal from 
noise 

Visual tricks and 
component sizes 

Positioning and fatigue 

 Single-dimension 
judgment limitations 

Difficult to make absolute 
judgment when there are levels of 
classifications 

Having to decide 
good/bad 

Unable to decide if a 
part need adjustment 

 Skilled memory 
advantage 

Experts use LTM to efficiently 
chunk information 

Similar boards might 
have been done. 

Assisting in encoding 
info 

 Sluggish beta Inspectors doesn’t adjust beta fast 
enough 

Jumping to a difficult 
board from a easy one 

Fail to locate certain 
errors 

 Stress interaction effect Stress interact with each other to 
amplify or decrease stress 

Throughout: Light and 
noise 

Stressor 

 Stress performance 
influence 

Some stress is good, but too much 
stress is bad 

  

 Stress-induced 
distraction 

Stress can divert attention from the 
task 

Throughout: Light and 
noise 

Stressor 

 Stress-induced 
perceptual tunneling 

Stress causes inspectors to narrow 
their range of information. 

Throughout: Light and 
noise 

Stressor 

 Stress-induced working 
memory degradation 

Stress taking up working memory, 
thus leaving less working memory 

  

 Task design stressor 
effect 

Characteristics of the task and 
process can induce stress. 

Workspace design Stressor 
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 Vigilance decrement 
(fatigue) 

Decrease of performance as result 
of fatigue 

  

 Vigilance decrement 
(sensitivity decrement) 

Decreased sensitivity level Throughout Fail to locate certain 
errors 

 Working memory 
capacity 

Person usually has about 5-9 
chunks of working memory 

Chunking when 
capturing information 

Failing to properly 
encode components 

 Working memory 
duration 

Working memory usually last 
around 10-15 seconds 

Time after information 
capture 

Forgetting captured 
information 

 

Table 3-5: Error spreadsheet for action 

Activities Human fallibility Definition Where/examples Potential errors 

A5323 Anchoring heuristic Inspector tends to stick to an 
original assumption, under valuing 
information that says otherwise 

Inspector can ignore 
information learned 
during adjustment 

Inspector failed to 
correctly adjust the 
component 

 Availability heuristic Inspector tend to go to the 
hypothesis that’s most accessible in 
memory 

Inspector decision can 
be affected by prior 
information 

Inspector fail to make 
correct 
diagnosis/adjustment 

 Cognitive overload 
decision failure 

Inspector ability to aggregate 
evidence, evaluate hypothesis, and 
choose action is overburdened  

  

 Confirmation bias Seeks info that supports the current 
hypothesis, and ignore others 

Fails to determine an 
optimal action 

Fail to make correct 
diagnosis/adjustment 

 Control device order 
compatibility trade off 

Influence from control device 
compatibility, gain, and order 

Tools used during 
adjustment 

Performing an 
unintended action 

 Control task 
performance tradeoff 

Tradeoff between accuracy, speed, 
and length of movement control 

Throughout: 
Performing adjustments 

Performing an 
unintended action 

 Equipment design effect Design of equipment influences the 
type/frequency of errors 

Throughout: 
Performing adjustments 

Performance an 
unintended action 

 Implementation cost 
bias 

Tendency to avoid solutions that 
are hard to implement 

Decision of how parts 
should be adjusted 

Selecting a less proper 
adjustment option, or 
not adjusting at all 

 Multiple dimension 
judgment bias 

Hard time to remember different 
levels of classification 

  

 Recency bias  Tendency to select the most recent 
hypothesis 

Decision of how parts 
should be adjusted 

Selecting a less proper 
adjustment option, or 
not adjusting at all 

 Recognition-prime 
decision making bias 

Experts tend to recognize patterns 
and quickly make diagnosis 

Use of patterns in 
diagnosis 

Failing to discover 
missing/wrong/skewed 
components 

 Representative heuristic Choosing an hypothesis by 
comparing evidence to 
characteristics of familiar 
hypothesis 

Decision of how parts 
should be adjusted 

Failing to discover 
missing/wrong/skewed 
components 

 Stress-induced working 
memory degradation 

Stress taking up working memory, 
thus leaving less working memory 

  

 Working memory 
capacity 

Person usually has about 5-9 
chunks of working memory 

  

 Working memory 
duration 

Working memory usually last 
around 10-15 seconds 

  

 

The rows where the analyst entered the fallibility name and definition but no location and 

error information represent entries where the fallibilities were considered to not carry a 

high risk to performance of the task.  
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3.9. Step V: Generation of specific errors & prioritization 

In this step, the potential errors identified in the Error Spreadsheet are grouped into one 

field, error modes are identified and errors are prioritized. This is also performed using a 

Microsoft Excel spreadsheet.  

 

3.9.1. Methodology of error mode generation & FMEA 

The spreadsheet used to aid this process, the Prioritization Spreadsheet, is shown in 

Figure 31. The analyst looks through the Error Spreadsheet, and transforms each potential 

error identified in the Error Spreadsheet to the Prioritization Spreadsheet. Along with the 

potential error, the name of the fallibility that caused the error is entered into the 

contributing fallibilities cell of the row. When the analyst comes across an error that has 

already been entered into the Prioritization Spreadsheet, the analyst adds the fallibility 

that caused the error to the existing row. For each error, the analyst identifies all possible 

error modes for the error in the specific error scenarios column.  

Potential 
errors 

Specific error 
scenarios 

Contributing 
fallibilities 

Severity Occurrence Invisibility RPN 

       
       
Figure 31: Prioritization spreadsheet 

Upon completing the first three columns, the analyst and/or SMEs perform the 

prioritization for each of the error modes using prioritization methodology similar to that 

in FMEA. The analyst assigns values from 1-5 for each of the criteria (Severity, 

Occurrence, and Invisibility). A value of 1 is the least serious, and 5 is the most serious.   

Descriptions of the three criteria are as follows:  

• Severity: Refers to the degree of negative consequence the error carries.  

o 1 = Harmless. 
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o 5 = Catastrophic - should prevent at all cost. 

• Occurrence: Refers to the frequency in which the error affects the system.  

o 1 = Never. 

o 5 = Happens frequently and regularly. 

• Invisibility: Refers to the difficulty of error detection.  

o 1 = Detects without effort, almost instantly. 

o 5 = Close to impossible to detect. 

After the SME assigns the values to the three criteria, the three numbers are multiplied to 

generate the risk priority number (RPN). A higher RPN value signifies a problem with 

higher priority, because the errors would contain high severity, occurrence, and 

invisibility values. 

 

3.9.2. Error mode generation in practice  

For generation of errors, the Task Analysis charts and IDEF0 models, and the printout 

from the human error database were used to provide information. During this process, the 

stressors for each task were extracted and presented in their own field, because stressors 

tend to influence all tasks in the process. In Table 3-6 is the Prioritization Spreadsheet for 

the perception tasks, which serves as an example for error mode identification using the 

SVIR methodology. The prioritization (Severity, occurrence, invisibility, and RPN 

columns) portion of the Prioritization Spreadsheet is not present in Table 3-6 because 

prioritization was performed without using the FMEA methodology in the case of this 

study. In this research, prioritization was performed using a survey, which will be 

described in later sections. 
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Table 3-6 Prioritization spreadsheet for perception:  

Potential Errors Specific Error Scenarios Contributing Fallibilities ID 
Forgetting to set/monitor 
oven temperature. 

Fails to set oven temperature 2 - Bottleneck Effect 

  Fails to set oven to correct temperature 2 - Bottleneck Effect 
  Puts board into an oven with wrong temperature 2 - Bottleneck Effect 
Misidentifying the 
component(s) on the iView 
as a different 
component/component type. 

Encoding a component as a wrong type of 
component due to mis-association with LTM.  

3-Canolical Orientation, 13-Memory 
Retrieval Error, 17-Running Memory 
Confusability 

  Misidentifying a component as the wrong type 
of component on the board due to mis-
association.  

3-Canolical Orientation, 13-Memory 
Retrieval Error, 17-Running Memory 
Confusability 

  Misidentifying a board for a similar board (or 
variation of a board).  

3-Canolical Orientation, 13-Memory 
Retrieval Error, 17-Running Memory 
Confusability 

Operator failing to located 
the right portion of the board. 

Failing to locate the right portion of the physical 
board intended.  

7 - Equipment Design Effect 

  Failing to locate the right portion of the iView 
diagram.  

7 - Equipment Design Effect 

  Unable to determine the optimal amount of 
information to try to encode.  

7 - Equipment Design Effect 

Failing to properly encode 
the groups of components.  

Unable to completely remember the portion of 
information that is intended to be remembered 

9-Expertise Chunking Facilitation, 12-
Map Clutter, 30-Working Memory 
Capacity 

  Unable to encode certain attributes of 
components due to overly ambitious scope.  

9-Expertise Chunking Facilitation, 12-
Map Clutter, 30-Working Memory 
Capacity 

Operator forgetting the 
memorized data before it 
being retrieved.  

The data was memorized, but degraded as the 
time it spent in the working memory was too 
long.  

31-Working Memory Duration 

 

3.10. Step VI: Error Validation 

The prioritization in this study used a survey of engineers and inspectors. The survey 

presented to the participants error modes as declarative statements and asked the 

inspectors to rate the statements with respect to severity and frequency of occurrence of 

the potential errors they described, or in some cases, agree/disagree. A more detailed 

description of the survey will be discussed in the validation chapter of this thesis. The 

survey is presented in Appendix D. 

 

There are various benefits to this research for conducting the prioritization survey.  

 

• The survey has a validation tool to verify the error modes identified by SVIR.  
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• The survey, in the case of this study, validated the effectiveness of the SVIR 

methodology as a whole.  

• The survey served as a replacement for the FMEA prioritization methodology in 

this study to prioritize the error modes.  

 

Under regular circumstance, when there are few SMEs to use as resources, the FMEA 

prioritization methodology would suffice.  

 

3.11. Step VII: Generation of remediations 

Remediation identification in SVIR is based on a procedure similar to that of most 

methods discussed in the literature review section of this thesis. It depends largely on the 

experience and knowledge of the analyst and SME. However, SVIR produces materials 

that provide helpful information to the analyst. These materials include the IDEF0 model, 

the task analysis, the HFIRM report, the Error Spreadsheet, and the Prioritization 

Spreadsheet.  

 

The IDEF0 model provides the analyst and SMEs with information such as the kinds of 

information the inspectors has access to, the kinds of guidance available to the inspectors, 

and the tasks the inspection task are dependent upon. Task analysis provides information 

about the workspace, timing of the tasks, sensory activities, memory usage, decisions, 

and actions. The Error Spreadsheet provides the analyst information regarding how the 

fallibility can manifest itself as errors and where in the process to focus. The 

Prioritization Spreadsheet provides information regarding the fallibilities that caused the 
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errors, and helps the analyst decide which errors should be addressed first and which 

errors does not pose any harm.  

 

The analyst prepared the remediation recommendations in the form of a short report for 

each error mode. In each report, the background of the error was discussed, possible 

considerations were pointed out, and possible solutions were provided. The 

Countermeasures chapter discusses the remediations generated for the SMT pre-reflow 

inspection process of the research sponsor. Several recommendations are shown in Table 

3-7. The complete set of recommendations are described in chapter 4, Findings and 

Remediation.  

 

Table 3-7: Sample recommendations 

Category Recommendations 
iView Upgrade The components displayed on the iView diagram should have the actual markings similar to that 

on the actual component. 
 Board displayed on iView should be divided into chunks of 5-9 components. 
 A checklist should be presented to the inspector prior to displaying the iView diagram to ensure all 

preparation work before inspection have been completed. 
 A checklist should be presented to the inspector after the iView diagram is closed to ensure all 

tasks that need to be performed after inspection will be completed. 
 In each iView diagram, logos should be displayed in a corner to indicate the availability of 

information sources (waivers, engineers, etc.). 
 Default resolution for iView diagrams should be decreased.  

 

3.12. IDEF0 model of SVIR 

To conclude and summarize this chapter, an IDEF0 model of SVIR is presented in this 

section to further illustrate the concept of SVIR and the relationship between the 

processes in SVIR.  
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Figure 32: (A-0) SVIR process 

 

 

Figure 33: (A0) Main sub-processes of SVIR process 
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Figure 34: (A2) Performance of IDEF0 modeling and task analysis 

 

 

Figure 35: (A3) Identification of human fallibilities 
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Figure 36: (A4) Identification of human errors 
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4. Findings and Validation 

This chapter discusses the findings of the application of SVIR to the inspection process of 

the pre-reflow inspection process of SMT, and the questionnaire given to the inspectors 

and engineers responsible for the inspection process. Three types of findings are 

discussed in this chapter:  

 

1. Possible errors identified by application of SVIR to the pre-reflow inspection 

process.  

2. Results of a survey presented to personnel of the pre-reflow inspection process. 

The result of the questionnaire is significant to this thesis in two ways:  

a. The questionnaire evaluates the ability of SVIR to identify errors 

effectively.  

b. As discussed in the Methodology chapter, the questionnaire takes the 

place of the FMEA-style prioritization that would normally be conducted 

by the analysts and/or SMEs. The questionnaire provides information for 

the analyst to determine which errors are harmless and which to focus on.  

3. Recommendations generated using SVIR for the pre-reflow inspection to prevent 

the occurrence of the errors.  

 

In essence, the purpose of this process as part of SVIR is to identify errors and 

corresponding remediations, and to prioritize the errors SVIR identified for remediation.  
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4.1. Possible errors 

The application of SVIR to the pre-reflow inspection task of an SMT process generated a 

number of results. SVIR generated 28 potential errors, which expanded to 51 error 

modes. Potential errors are general errors that can occur, and error modes are ways these 

errors can manifest. For example, in the pre-reflow inspection process of an SMT line, 

one possible error is the inspector performing reflow of a board with an inappropriate 

oven temperature. However, this error can be caused by multiple (wrong) operator 

actions, or error modes. The error of reflowing a board using inappropriate temperature 

can be because the inspector input the wrong temperature profile into the reflow oven 

(error of commission), or that the inspector forgot to input a new temperature profile for 

the oven after processing the previous board (error of omission). The objective is to 

extract error modes that lead to the potential errors, and thus approach the error at a 

detailed level.  

 

Tables 4-1 (perception), 4-2 (assessment/cognition), 4-3 (action), and 4-4 (stressors) 

show the error modes identified using SVIR in the pre-reflow inspection process of the 

SMT production line. The tables consist of the first three columns of the prioritization 

spreadsheet because prioritization in this study was done using the survey that will be 

discussed in the next section. Potential errors are the general process errors that can occur 

due to human fallibilities. Specific errors are the error modes that lead to the potential 

errors in the system. The Contributing Fallibilities ID column contains the human 

fallibilities that can be manifested as errors.  
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Table 4-1: Prioritization Spreadsheet for Perception 

Potential Errors Specific Error Scenarios Contributing Fallibilities ID 
Forgetting to set/monitor 
oven temperature. 

Fails to set oven temperature 2 - Bottleneck Effect 

  Fails to set oven to correct temperature 2 - Bottleneck Effect 
  Puts board into an oven with wrong temperature 2 - Bottleneck Effect 
Misidentifying the 
component(s) on the iView 
as a different 
component/component type. 

Encoding a component as a wrong type of 
component due to mis-association with long 
term memory (LTM).  

3-Canolical Orientation, 13-Memory 
Retrieval Error, 17-Running Memory 
Confusability 

  Misidentifying a component as the wrong type 
of component on the board due to mis-
association.  

3-Canolical Orientation, 13-Memory 
Retrieval Error, 17-Running Memory 
Confusability 

  Misidentifying a board for a similar board (or 
variation of a board).  

3-Canolical Orientation, 13-Memory 
Retrieval Error, 17-Running Memory 
Confusability 

Operator failing to located 
the right portion of the board. 

Failing to locate the right portion of the physical 
board intended.  

7 - Equipment Design Effect 

  Failing to locate the right portion of the iView 
diagram.  

7 - Equipment Design Effect 

  Unable to determine the optimal amount of 
information to try to encode.  

7 - Equipment Design Effect 

Failing to properly encode 
the groups of components.  

Unable to completely remember the portion of 
information that is intended to be remembered 

9-Expertise Chunking Facilitation, 12-
Map Clutter, 30-Working Memory 
Capacity 

  Unable to encode certain attributes of 
components due to overly ambitious scope.  

9-Expertise Chunking Facilitation, 12-
Map Clutter, 30-Working Memory 
Capacity 

Operator forgetting the 
memorized data before it 
being retrieved.  

The data was memorized, but degraded as the 
time it spent in the working memory was too 
long.  

31-Working Memory Duration 
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Table 4-2: Prioritization Spreadsheet for Assessment/Cognition 

Potential Errors Specific Error Scenarios Contributing Fallibilities ID 
Unable to make judgments of 
if the part needs adjustment 
or not.  

When the orientation of the component look 
marginal, the absolute judgment will be difficult 
to make.  

33-Absolute judgment edge effect, 42-
Multiple-dimension judgment 
limitations, 52-Single-dimension 
judgment limitations 

  When the orientation of the components are 
classified in multiple categories, the inspector 
will have a hard time remembering/identifying 
them.  

33-Absolute judgment edge effect, 42-
Multiple-dimension judgment 
limitations, 52-Single-dimension 
judgment limitations 

High beta would result in 
letting faulty components 
slip.  

Inspector places the beta too high, thus 
components have to display a high level of 
defect to be considered defected.  

34-Beta placement bias (expertise), 
35-Beta placement bias (individual)  

General workspace design & 
organization  

Suboptimal use of surrounding equipment.  37-Equipment design effect 

  The orientation of the board from the view of the 
inspector can be abnormal from certain angles.  

37-Equipment design effect 

Failing to discover 
missing/wrong/skewed 
component (while everything 
else carries through).  

The inspector is overly focused on checking a 
single aspect of components, thus forgetting the 
other aspects to be checked.  

40-Fixation (single channel), 57-
Stress-induced distractions, 58-Stress-
induced perceptual tunneling, 62-
Vigilance decrement (sensitivity 
decrement) 

  The inspector applied too little attention to the 
inspection task, thus forgetting which 
components have been checked. 

40-Fixation (single channel), 57-
Stress-induced distractions, 58-Stress-
induced perceptual tunneling, 62-
Vigilance decrement (sensitivity 
decrement) 

  The inspector applied too little attention to the 
inspection task, thus forgetting what aspects of 
the board should be checked.  

40-Fixation (single channel), 57-
Stress-induced distractions, 58-Stress-
induced perceptual tunneling, 62-
Vigilance decrement (sensitivity 
decrement) 

  The inspector performance is degraded over 
time, resulting in the reduction of performance 
of his visual sensitivity.  

 62-Vigilance decrement (sensitivity 
decrement) 

Inaccurate assumptions can 
be made regarding the 
component.  

Inspector recalling bad/wrong/incomplete 
information regarding the component, thus 
resulting in inaccurate assumptions.  

41-Memory retrieval error 

  Inspector recalling the information for a wrong 
component, resulting in inaccurate assumptions. 

41-Memory retrieval error 

Information from other 
operators overriding stored 
information.  

Inaccurate information received from alternative 
sources altering the originally correct 
assumption.  

43-Proactive memory interference 

  Accurate information from an alternative source 
failed to correct the faulty original assumption.  

43-Proactive memory interference 

Large components can draw 
attention away from 
components around them. 
Resulting in surrounding 
components not being 
inspected.  

Forgetting to inspect certain smaller, regular 
components around a large, rare component.  

46-Sampling bias (Saliency), 47-
Sampling bias (Singletons) 

The types of structures used 
in their search can be looked 
at to either improve or to 
learn from.  

Using a suboptimal search technique causing 
entire components to be missed in the search 
pattern.  

48-Sampling bias (Structured search) 

  Using a suboptimal search technique causing 
certain aspects of inspection to be forgotten.  

48-Sampling bias (Structured search) 

  Encountering a board where the search 
technique used are less applicable. Possible 
factors are confusing component groupings, odd 
shapes, unusually dense component groups.  

48-Sampling bias (Structured search) 

When minor changes are 
changed on the  PCB, the 
operator might overlook the 
changes.  

When minor changes are made on a familiar 
board, the minor changes might still be 
ignored/forgotten even when documentation are 
present.  

49-Sampling bias (Unexpected events) 
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Various ways exist in which 
makes the operator hard to 
distinguish the component 
existence/orientation/type.  

Abnormalities of small, rectangular objects 
arranged in groups are better detected when 
placed vertically than horizontally.  

51-Sensetivity suboptimality 

  Color between component, board, and solder can 
effect the sensitivity of the inspector.  

51-Sensetivity suboptimality 

  Different lighting methods and their associated 
projection of shadows can enhance/degrade 
sensitivity.  

51-Sensetivity suboptimality, 37-
Equipment design effect 

Larger sections of the board 
might be hard to recalled 
correctly, or even encoded.  

Inspectors with less experience who are not 
familiar with components, component groups, 
and regularly produced boards will have harder 
time remember large groups of components.  

53-Skilled memory advantage 

Failing to adjust criteria 
based on the past record of 
the board, thus resulting in 
letting faulty parts slip even 
though they have been 
spotted.  

Ideally, inspectors will lower the beta when a 
board that's of high importance and high error 
rate shows up. This might not happen, as the 
shift in beta is usually slow. 

54-Sluggish beta 

  Unable to accurately decide when to shift beta.  54-Sluggish beta 
Forgetting sections of the 
previously encoded portions. 

The inspector might forget the stored 
information before retrieval.  

64-Working memory duration 

 

Table 4-3: Prioritization Spreadsheet for Action 

Potential Errors Specific Error Scenarios Contributing Fallibilities ID 
Misidentifying the type 
and/or severity of the flaw.  

Due to paying too much attention to certain 
aspect of the evaluation (eg. Too much on 
existence and little on orientation).  

65-Anchoring heuristic, 66-
Avaliability heuristic, 74-Recency 
bias 

  Misdiagnosing the flaw due to assumptions 
being effected by frequency/recency of other 
flaws.  

65-Anchoring heuristic, 66-
Avaliability heuristic, 74-Recency 
bias 

Misidentifying the 
procedure/tools to correct the 
flaw.  

Misdiagnosing the flaw due to an original faulty 
assumption causing the inspector to not take 
information that proves otherwise seriously.  

68-Confirmation bias 

Performing unintended 
actions with the tool.  

Direction incompatibility of the adjustment tools 
causing less accurate adjustments.  

69-Control device order compatibility 
trade-off, 70-Control task performance 
tradeoff, 71-Equipment design effect 

  Combination of magnified image and the 
unmagnified movement causing less accurate 
adjustments.  

69-Control device order compatibility 
trade-off, 70-Control task performance 
tradeoff, 71-Equipment design effect 

Failing to recognize the need 
to adjust because it's a hard 
part to work on.  

Deciding not to make needed adjustments due to 
the difficulty of adjusting and the component 
being "not too far off".  

72-Implementation cost bias 

Failing to discover 
missing/wrong/skewed 
component.  

The information presented by the board 
regarding the component presents a sign of 
another error/nonexistent error.  

75-Recognition-prime decision 
making heuristic, 76-Reprentativeness 
heuristic 
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Table 4-4: Prioritization Spreadsheet for Stressors 

Potential Errors Specific Error Scenarios Contributing Fallibilities ID 
Stress contributors Excessive light and noise in the workspace. 6-Environmental stressor effect 
  Having to perform too many tasks of the same 

modality in parallel. 
11-Intramodality performance 
decrement 

 The existence of more than one stressor. 22-Stress interaction effects 
 Stressors can overtake the thinking process. 24-Stress-induced distractions 
  Stress causing the inspector to block out certain 

information presented by various sources. 
25-Stress-induced perceptual 
tunneling 

 Workload can cause stress, which in turn, causes 
the inspector to feel elevated workload. 

26-Subjective workload 
disassociation, 32-Workload effect 

 Overall task (workspace, tools, incoming work, 
display of information etc) can induce stress on 
the inspector by how they are presented. 

28-Task design stressor effect, 15-
Proximity compatibility, 26-
Subjective workload disassociation, 
32-Workload effect 

 

4.2. Survey validation/prioritization 

To validate the possible errors identified using SVIR in the inspection process of the pre-

reflow inspection of SMT, the error modes were presented, in the form of a 

questionnaire, to inspectors and engineers who are regularly involved with the inspection 

process. A complete set of materials used to construct the questionnaire and materials 

presented to the participants are included in Appendixes A, B, C, D, E, and F. The 

materials include: 

1. Survey Package (Appendix A-D): 

a. The survey questionnaire that the participants were asked to complete. 

b. Informed consent, which explains to the participant the purpose and 

implications of the survey. Contact information of the analyst is also 

included in case the analyst has to be contacted for any reasons. 

c. Survey protocol, which provides in-depth instructions for the 

questionnaire. 

d. Memo for recruiting participants, which were distributed to recruit 

participants for the survey. 
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2. Table that matches possible errors to survey questions, which was not part of the 

survey package provided to the participants (Appendix E). 

3. Results from the surveys. This includes the responses from each of the eight 

questionnaires that were completed, averages of the responses, and standard 

deviation of the responses (Appendix F).  

 

The questions each represent one error mode and are presented in a direct manner. For 

example: 

 

Error mode: Fails to set oven temperature 

Question presented on questionnaire: Inspector forgets to attend to a task (eg. forgetting 

to change the parameters of an oven) because there is another task, or a few other tasks to 

perform at the same time. 

 

Completed questionnaires were collected and responses for each question were tabulated 

into a spreadsheet. The average responses for each question was generated. There were 

two types of responses for question. The majority of the questions asked the survey 

participants to respond by rating the error in terms of frequency of the error and severity 

of the error. The other type of question contained one response criteria, which asks for 

the participants to rate the extent of which the participant agrees or disagrees with the 

statement. Because of this difference in the number of response criteria, the RPNs were 

computed differently. The agree/disagree questions have a single response criteria to 

determine the RPN, while the frequency and severity questions has two.  
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For questions with two response criteria: 

 

RPN = (frequency) x (severity) 

 

RPN for questions with only extent of agree/disagree criteria is determined as such: 

 

RPN = (degree of agree or disagree)2 

 

The table containing the complete responses of all eight surveys is attached in Appendix 

F. Table 4-5 is a summary of the survey results. The responses were rated from 1 to 5, 

with 1 as low (never happens/non-severe/strongly disagree), and 5 as high (very 

frequent/very severe/strongly agree). 
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Table 4-5: Survey result summary 
 

Survey 
Question (Part-

Question) 

Average Response 
(freq / severity) 

Average Response 
(degree of agree or 

disagree) 
RPN 

1-1a 2.635 / 3.375  8.859 
1-1b 2.625 / 3.375  8.859 
1-1c 2.5 / 2.75  6.875 
1-2a 2.125 / 2.375  5.046 

1-2b (x) 1.75 / 2.75  4.812 
1-3a 2.375 / 2  4.75 

1-3b (x) 2.875 / 1.875  5.39 
1-3c (x) 2.875 / 1.375  3.953 

1-4a 3.625 / 2  7.25 
1-4b (x) 2.25 / 1.875  4.218 

1-5 3.25 / 2.125  6.906 
2-1a (x) 2.714 / 1.857  5.089 
2-1b (x) 2.125 / 1.75  3.718 
2-2 (x) 2.125 / 1.75  3.718 
2-3a  3.875 15.015 
2-3b  3.25 10.562 
2-4a  4.25 18.062 
2-4b 3.25 / 2.375  7.718 

2-4c (x) 3.875 / 1.714  6.641 
2-4d  3.25 10.562 
2-5a 2.5 / 2  5 
2-5b 2.5 / 2  5 

2-6a (x) 2.125 / 1.875  3.984 
2-6b 2.5 / 2.857  7.187 

2-7 (x) 2.75 / 1.857  5.107 
2-8a 2.875 / 2  5.75 

2-8b (x) 2.625 / 1.75  4.593 
2-8c  3.25 10.562 

2-9 (x) 2.428 / 1.857  4.508 
2-10a (x)  2.375 5.640 

2-10b  3 9 
2-10c  3.5 12.25 
2-11  3.625 13.140 

2-12a (x) 2.571 / 1.857  4.774 
2-12b (x) 2 / 1.75  3.5 
2-13 (x) 2.875 / 1.625  4.671 

3-1a 2.875 / 2.5  7.187 
3-1b 3 / 2.125  6.375 

3-2 (x) 2 / 1.625  3.25 
3-3a 2.125 / 2  4.25 

3-3b (x) 2.125 / 1.286  2.732 
3-4 3.25 / 2.125  6.906 
3-5a  2.75 7.562 

3-5b (x) 1.875 / 1.428  2.677 
4-1  3 9 
4-2  3 9 
4-3  2.875 8.265 
4-4  3.875 15.015 
4-5  3.75 14.062 
4-6  3.25 10.562 
4-7  3.5 12.25 

 
 

Errors that were determined from the survey results to pose no significant risk to the 

process were rejected, and recommendations for error remediation were not identified for 
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them. A rejected error may be considered a false alarm by SVIR. The questions whose 

errors are to be considered not harmful are marked with an (x) in the survey question 

column in Table 4-5. 

 

Rejection criteria for the errors differed depending on the types of response criteria. If the 

question was of the type that consisted of two criteria, the error the question probed for 

was to be determined not relevant if either the average value of frequency or severity was 

lower than “2”. This is because if the average value of frequency ratings were lower than 

2, it meant that a significant number of participants responded to the question with 1, 

signifying that it is an error that never occurs. The same concept applies to the severity 

criteria, where the value of 1 signified the error does not cause any negative 

consequences. Rejection criteria for agree/disagree questions are 2.5 for the average 

response, which means most participants rated the question below 3, which signified that 

neutral or negative responses made up most of the responses. Table 4-6 presents the total 

number of errors identified for each section of the questionnaire, and the number of errors 

that were considered of insignificant risk to the process. 

 

Table 4-6: Error identification accuracy 
 
 Perception Assessment/Cognition Action Stressor 
Errors identified 11 25 8 7 
No significant risk 4 12 3 0 
 
 

The nature of SVIR qualifies it as a signal detection task. SVIR takes into consideration 

various pieces of information regarding a task within a process, and identifies cues that 
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can lead to errors. The errors identified by SVIR can be categorized using the signal 

detection categorization method. The participants of the survey were instructed to provide 

any types of errors that were not identified in the questionnaire by writing on the back 

side of the questionnaire. However, none of the surveys collected had additional errors 

identified by the participants. The design of the survey made it difficult to identify correct 

rejections by SVIR, and as a result, the figure for correct rejection is unavailable. Using 

the four signal detection categories, the accuracy of SVIR is presented below.  

 
Miss 

0 
Hit 
32 

Correct Rejection 
N/A 

False Alarm 
19 

  
 
4.3. Remediation 

Remediations for the human fallibilities were generated for each of the errors identified 

that were not rejected, starting with the fallibilities with highest RPN. This was done 

because remediations were identified over a period of 6 weeks as separate reports, and by 

identifying remediation for errors with the highest RPNs first, more time can be spent on 

revising the recommended remediations for more serious errors. There were a total of 

five reports, and they were submitted separately. 

 

Each report consisted of 6-10 sections, with each section focusing on one question (and 

thus one error). Each section contained six pieces of information: 

• The part and question number as presented in the survey.  

• The question, as it was presented in the survey.  
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• The background information and the significance of the question. This portion 

provided information regarding the errors and fallibilities presented by the 

question, and clarified terms when needed.  

• Current Status: Description of the current workspace, information source, 

procedure, and other aspects of the process that will be affected by the 

recommendations. Information from task analysis was especially useful here. In 

certain cases, this information was unavailable due to limitations to the 

knowledge of the process on the side of the analyst. 

• Possible Considerations: Concepts that can prevent, or lessen the effects of errors 

caused by the fallibilities. These concepts were broad, but presented with enough 

detail for solutions to be generated.  

• Possible Solutions: Changes that could be made to the current process that would 

prevent or lessen the effect of errors caused by the fallibilities. The 

recommendations were specific, and the recommendations were based on the 

concepts presented in the possible considerations.  

 

The following section presents the remediation for an error in detail as an example of a 

section in a report. The complete reports are available in Appendixes G, H, I, J, and K.  

 

4.3.1. Remediation example 

Presented in this section as example for a remediation is the remediation for Part 2, 

Question 4a, with RPN of 18 points. This question is of the agree/disagree format. The 

question is as follows: 
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Inspectors often need to adjust their posture in order to gain a better view 

of the board being inspected. 

 

During inspection, having to adjust posture for any reason can be distracting because of 

the interference with the memory and cognitive activities of the inspector. The 

adjustment may take a certain amount of time, and time is critical to memory 

degradation, thus the disruption interferes with memory. It interferes with cognitive 

activities by stopping the “train of thought” of the inspector.  

 

The background information of the question is as follows: 

 

This question targeted the possibility of the layout of the workspace being 

sub-optimal in terms of reasons like visual access to the inspector. The 

human fallibility associated with this error is equipment design effect. It 

does not directly cause any specific errors, but indirectly contributes to 

numbers of other errors. 

 

To overcome this problem, the workspace would have to be scrutinized for improvement 

opportunities within the workspace and the equipment. The background information thus 

focuses on describing the general layout of the workspace. The brief description of the 

workspace is presented as follows: 
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The current layout of the workspace consists of an inspector standing in 

front of the conveyor that carries the incoming populated board. The 

height of the conveyor is roughly as high as the abdominal of the 

inspector, thus the operator must look downwards during inspection. The 

inspector has the use of a magnifying glass when parts are too small. 

 

Concepts that could be applied to overcome the need for the inspector to reposition were 

generated. The analyst generated these concepts by identifying the reasons which might 

cause the inspector to make posture adjustments, and/or identify changes to avoid these 

causes. This made up the possible considerations section of the remediation: 

 

• The inspector might have to stand at the same spot for an extended period of time; 

the inspector might feel discomfort from postural fixity and thus need to change 

the orientation. 

• The inspector might need to change the orientation to compensate for larger 

boards, which might require larger degrees of leaning to various directions, 

causing back stress.  

• As the size of the components varies, the inspector might need to change the 

orientation vertically to gain a clear view of the component.  

• Whenever the inspector changes the orientation, working memory gets 

interrupted. This might cause the inspector to lose track of which components 

have been inspected, which components are currently being inspected, and 

forgetting various pieces of information. 
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Solutions for the error are generated based on the concepts presented in possible 

considerations: 

 

• Help inspectors locate a better orientation to perform inspection. Possible 

considerations include: 

o Provide a seating option.  

o Provide an additional block; the inspectors will be able to rest one foot 

higher than the other foot. 

o Provide an area for the inspector to rest the elbows. The inspectors can 

currently rest their elbows on the conveyor, which is adequate.  

o Allow the inspectors to adjust the angle and height of the populated board. 

This serves two main purposes: 

1. Allow the inspectors to gain better view of the board when seated.  

2. Allow the inspectors to adjust the angle to reduce glare.  

 Note: the amount of adjustment angle can range from 0-20 

degrees. 

 Note: if this recommendation is not implemented, the inspectors 

are still encouraged to stand during inspection. The seat can still 

exist for the inspector to use when not inspecting/adjusting parts.  

o These implementations aim to extend the amount of time the inspector can 

stay in one position. 
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• Provide a marker to aid memory as far as which section of the board is being 

inspected. This can be just a flag on the iView display, or markers using light on 

the physical board (for example, a small adjustable spot light). Using the spot 

light as a marker is only important when interruptions exist. Otherwise, it can be 

optionally applied when the inspector pauses during inspection.  

o The spot light also serves the purpose of illumination, and provides the 

inspector with shadows for components.  

• Display the board on a computer monitor, which is currently in the process of 

being implemented. 

 

The results generated are based mostly on modification of the current workspace, 

equipment, and procedures.  

 

4.3.2. Summary of remediations 

The five reports included 61 possible solutions, and many solutions are applicable to 

multiple errors. The solutions can be categorized into eight general categories. The first 

category of recommendations is one that concerns iView, the program which displays a 

diagram of the board being inspected. The second category of recommendations contains 

ones that concern with designs of the PCB itself, such as markings on the board, and the 

ways components are arranged. The third category is concerned with the orientation and 

posture of the inspector in the workspace. The fourth category of recommendations 

focuses on providing modifications to the workspace, such as work surfaces and tools. 

The fifth category of recommendation focuses on providing different forms of memory 
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aids for the inspectors. The sixth category of recommendations focuses on providing 

changes to the current procedures. The seventh category of recommendations focuses on 

providing changes to inspection practices the inspectors currently use. The eighth 

category consist of all the recommendations that do not fall into any of the previous 

seven categories. The tables below provide the recommended solutions, in brief, for each 

of the categories.  

 

Table 4-7: Recommendations related to iView  

Category Recommendations 
iView Upgrade The components displayed on the iView diagram should have the actual markings similar to that 

on the actual component. 
 Board displayed on iView should be divided into chunks of 5-9 components. 
 A checklist should be presented to the inspector prior to displaying the iView diagram to ensure all 

preparation work before inspection has been completed. 
 A checklist should be presented to the inspector after the iView diagram is closed to ensure all 

tasks that need to be performed after inspection will be completed. 
 In each iView diagram, logos should be displayed in a corner to indicate the availability of 

information sources (waivers, engineers, etc.). 
 Default resolution for iView diagrams should be decreased.  

 

Table 4-8: Recommendations related to board design 

Category Recommendations 
Board design Areas on the board where a component would be placed should have fine lines or round dots to 

indicate the limits to which a component should not exceed. 
 The board should be divided into chunks of 5-9 components, with each chunk marked with dotted 

lines. The chunks should match chunks presented on the iView.  
 Portions of the board that are commonly applied to other boards should be marked and chunked 

consistently.  
 Color of the board should be scrutinized and the possibility of using a board of lighter color be 

considered.  
 The area between the solder pads should be filled in with a solid color.  
 Boards that need board supports should have a sticker on the board to indicate so.  
 Small components that exist in large quantities should be arranged in a matrix array with a width of 

5-9 components.  
 For larger components that have a Pin-1 marking, the marking should be manually applied using a 

paint marker. 
 Small components that exist in large quantities and are sensitive in polarity should be placed 

horizontally and not vertically.  

 

Table 4-9: Recommendations related to inspector orientation 

Category Recommendations 
Inspector orientation Provide a seat for the inspectors. 
 Provide an elbow rest for the inspectors to rest elbows on and lean against it.  
 Provide an additional block for the inspectors to rest one foot higher than another foot.  
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Table 4-10: Recommendation related to workspace 

Category Recommendations 
Workspace Identify a way which would allow the inspector to adjust the rotation, height, and angle of the 

board.  
 Work instructions should be relocated to a surface on the housing of the conveyor belt.  
 A computer monitor should be used to display the work order, and it should allow real-time 

changes to the work order.  
 The monitor that displays the iView diagram should be relocated to lay flat over or under the 

conveyor.  
 Replace the mouse with either a track-ball or joystick-style pointing device.  
 Provide a spotlight mounted above the shoulder of the inspector.  
 Remove the stand that currently holds tools and paperwork. Extend the housing of the conveyor to 

use as a workspace.  
 Move tools to the extended surface of the conveyor belt housing. 
 On the instructions, include a list of possible sources of information for the boards. 
 If waivers continue to be used, provide a holder for the waiver so it can be visible within visible 

proximity during inspection. 
 Provide a smaller magnifying glass.  
 Standardize the shape of the tools that are provided to the inspectors.  

 

Table 4-11: Recommendation related to memory aids 

Category Recommendations 
External memory aids Use iView to highlight the components currently being inspected (or even better, components that 

have been inspected). Spotlight can also serve the purpose if it can be easily adjusted.  
 When a recently inspected board arrives, inform the inspector. 
 Mount a sensor on the conveyor belt, which will trigger a LED on the oven (and other devices that 

need to be tended to prior to inspection). The LED turns off once the inspector loads a profile. 
 Provide a secondary oven temperature display that is within the visual proximity of the inspector 

while inspecting the board.  

 

Table 4-12: Recommendations related to procedural changes 

Category Recommendations 
Procedural changes Streamline the tasks by presenting the procedure in series, and reflect it on the instructions.  
 Let new inspectors perform inspection on easier boards.  
 When the current inspector needs to tend to another task that will take a significant amount of time, 

locate another inspector to continue the inspection.  
 Use three inspectors to rotate among three tasks. The three tasks will be: Pre-reflow inspection, 

post-reflow inspection, and one task that does not involve performing tasks with extensive visual 
activity.  

 Instead of informing the inspectors which oven profile to load, let the inspectors know the desired 
attributes of the profile.  

 During the inspection, the inspector would inspect one “chunk” of the board at a time. The 
inspector will look at iView, adjust for inspection, and inspect the board. The three steps should 
not be performed in parallel (for example, adjusting magnifying glass while inspecting).  

 

Table 4-13: Recommendations related to inspector practice 

Category Recommendations 
Practice Standardize the search patterns used by the inspector to inspect the board during inspection. 
 Train the inspectors to use shadow of components to determine the alignment of the component.  
 Train the inspectors to physically tap the components to ensure the components are seated flat on 

the board surface.  
 When components are determined to be marginally misaligned, nudge the component back to an 

acceptable level of alignment instead of taking the risk by not adjusting or removing the 
component and re-placing it.  
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 Train the inspectors to look at components from a second angle if the initial angle provided too 
little information for the inspector to draw a conclusion.  

 Use post-it notes to deliver board information from upper stream processes. The post-it note will be 
placed on the waiver holder.  

 Provide the inspectors with headphones and music.  
 Give “codenames” to boards that are often inspected.  
 Train the inspectors to remember 5-9 pieces of information at a time.  
 Perform four passes of inspection per board. One pass for each type of error (board match, 

population, component rotation, and component orientation).  
 If special attention is required for certain components or if the board requires a special task to be 

performed on it, perform these unusual tasks before the routine inspection starts.  
 If different pieces of information arrive to the inspector at different times, train the inspectors to 

evaluate all the information together upon receiving the latest piece of information. 

 

Table 4-14: Other recommendations 

Category Recommendations 
Others Avoid the use of waivers. Make changes to the actual diagram instead.  
 Train the inspectors periodically to refresh inspection criteria.  
 Display the board on a computer monitor using a video camera.  
 Define clear, quantitative standards to aid the judgment of the inspector.  
 Post pictures in the workplace showing examples of component placements that would be 

considered unacceptable.  
 Periodically (weekly or monthly) provide feedback to the inspectors regarding their accuracy.  
 Start a database that keeps track of sources of information for each board, and allow merging of 

information.  
 Provide coffee for the inspectors.  
 Train inspectors to perform eye exercises periodically throughout the day.  

 

The report attached in the appendix of this thesis provides detailed information regarding 

the recommendations, such as the reasons for the recommendation and more specific 

descriptions of the recommendations.  
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5. Discussion & Conclusion 

This chapter discusses the strengths and weaknesses of SVIR, and the effectiveness of the 

method used to evaluate SVIR. The SVIR methodology is evaluated in several ways. To 

begin, this section evaluates how well SVIR satisfies the requirements presented in 

section 2.8. The results of the prioritization survey are discussed, and lastly, the opinion 

of the primary SME as to SVIR’s effectiveness are presented. The chapter concludes by 

discussing the contributions of this research. 

 

5.1. Fulfillment of requirements 

As presented in chapter 2.8, there were five requirements for SVIR to fulfill. This section 

discusses how SVIR fulfilled (or missed) these requirements. 

 

5.1.1. Fallibility before error 

The first requirement called for SVIR to identify human fallibilities that can exist in the 

process, and then identify the human errors based on the system and process 

characteristics and human fallibilities. SVIR fulfills this requirement, thanks mostly to 

the application of the HFIRM database. Using the HFIRM database, a human factors 

analyst that is well informed about the process (in this case, pre-reflow inspection) was 

able to generate an extensive list of human fallibilities that can exist in the process. In 

SVIR, when the analyst uses the HFIRM database to identify the human fallibilities in the 

process, the analyst has observed the process and completed both the IDEF0 model and 

task analysis, signifying that the analyst has extensive knowledge of the process. With 
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both the human fallibilities and process knowledge, the analyst was able to identify 

possible human errors within the process.  

 

5.1.2. Qualitative 

The method and result of SVIR are mostly qualitative, with a hint of quantitative element. 

The term qualitative is appropriate for the diagnostic and prescriptive nature of the 

results. In application, SVIR identified a list of human fallibilities that may exist in the 

process, human errors that can occur in the process, and for each of the human errors, a 

list of measures that can be implemented to prevent the occurrence of the errors. The 

quantitative element of SVIR is the prioritization of errors in SVIR. This is true in both 

the FMEA-style as prescribed in the methodology or the survey that was conducted in 

this research to replace the FMEA-style prioritization.  

 

5.1.3. Systematic 

The third requirement was for SVIR to be systematic, that is, unambiguous, repeatable, 

and reliable. As has been discussed in the beginning of chapter 3, SVIR is based on a 

general framework used by existing systematic human error identification methods and is 

reinforced with various concepts from SVA. Features that are different from the other 

systematic methods, such as the use of IDEF0, the HFIRM database, and task analysis, 

are by themselves very structured and systematic. To refresh the memory of the reader, 

the order of sub-procedures can be generalized as follows: 

1. Obtain process information. 

2. Model the process using IDEF0. 
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3. Perform task analysis. 

4. Identify fallibilities using HFIRM Database.  

5. Generate possible errors. 

6. Identify possible solutions. 

 

There are two areas in the SVIR methodology that are less structured than others, the first 

and last activity in the process. The first of the two is the process of the analyst obtaining 

the process information. SVIR suggested three possible methods: observation, learning 

from SME, and performing the task first hand. It is difficult and impractical to prescribe 

the exact method of obtaining this information, because it would be up to the analyst and 

the SMEs to identify a method that balances time, intrusiveness, complexity of the 

process, and other factors that affect how well the analyst could learn about the process. 

In the case of this research, all three methods were applied. For practicable purposes, this 

activity should remain flexible.  

 

The second of the less structured areas of SVIR is the identification of errors and 

solutions. In SVIR, the analyst is given a wide range of information, such as the 

fallibility, and recommendations to prevent the manifestation of the fallibility, which are 

combined with the process knowledge of the analyst to identify errors and make 

recommendations to prevent the errors that can result from the fallibility. This process is 

similar to that of other HEI methods, but the analysts are provided with more 

information.  
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Overall, the SVIR methodology provides orderly and structured procedures. Information 

generated based on the methodology are supported by an information-rich framework 

(Process knowledge in the Methodology chapter, Figure 2), and as the results have 

revealed, the resulting information is of an accurate and non-random nature. 

 

5.1.4. Prospective 

Although errors are regularly experienced in the SMT process SVIR was applied to, 

information regarding previous errors was not collected or used when conducting the 

research. The human fallibilities, human errors, and recommendations identified using 

SVIR were not dependent upon previous errors, and were dependent upon information 

regarding the current state of the process. The results generated by SVIR are prospective 

in nature. For practical purposes however, it would be acceptable, and even encouraged, 

to collect past error information and help populate errors during the error identification 

stage.  

 

5.1.5. Limitations 

The identification of human errors and prevention measures in SVIR is generated based 

on the fallibilities identified by the HFIRM database. As a result, the population of 

human fallibilities in the database is the main limiting factor of SVIR. The advantage of 

this information body-limited method is that as knowledge grows, the information body 

(the population of the database) would also grow by continual updates. With time, the 

body of information would allow analysts to perform increasingly complete analysis. The 

second limitation to generation of results is the combined domain and human factors 
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knowledge of the analyst and SME. This is because the analyst and SME are the 

mechanisms of generating errors and solutions, and if their combined knowledge is 

insufficient, the errors and solutions generated by SVIR will be limited.  

 

5.2. Survey results 

As described in Chapter 4, a survey was conducted to prioritize the identified errors, and 

to evaluate the effectiveness of the SVIR methodology. The survey results produced 

positive indications. Out of 51 possible errors identified, there were 32 hits, 19 false 

alarms, and no misses. In a signal detection task, elevated false alarms and low misses 

can be an indication of overly sensitive detection criteria. As discussed in section 4.2, the 

differentiation between hits and false alarms were the values of average responses on the 

survey. Errors with response criteria that were rated below a certain threshold were 

determined to be a “false alarm”. As a result, many errors were determined to be false 

alarms even though the errors themselves are applicable (though probably rare) in the 

process.  

 

Besides the threshold of the rating criteria, another factor that would have influenced the 

results of the survey is the robustness of the current process. The SMT process SVIR was 

applied to has numerous strong attributes. In this process, multiple process engineers 

support the SMT process to identify errors and perform ongoing process improvements. 

Most of the inspectors in this process have had over one year of experience, and some 

have had over ten years. Incoming new inspectors are provided with training. Kaizen 

events are periodically performed for the process. As a result, this SMT process may be 
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more robust and error-free than most SMT processes. The implication of high process 

robustness to this research is that some errors identified by SVIR might have been 

addressed in the current process.  

 

5.3. SME opinion 

The primary SME from the SMT process in this research expressed a satisfactory opinion 

of the results produced by SVIR. The SME expressed optimism for the recommendations. 

In brief, the recommendations were considered to be applicable to the process and 

insightful. The primary SME felt, however, that certain recommendations would be 

difficult or costly to implement.  

 

5.4. Contributions 

This thesis research brings several contributions to human factors engineering and error 

identification. The primary contribution is the development of a systemic HEI 

methodology, SVIR, which draws together recent developments, concepts, and tools in 

human factors, such as SVA and HFIRM. The proposed methodology moved away from 

a traditional concept (identifying errors before fallibilities) that imposes limitations on the 

effectiveness of HEI methodologies. It solidifies the concept of a human error as being 

the result of human fallibility and system characteristics, and demonstrates the usefulness 

of this concept.  

 

SVIR used a series of spreadsheets to sort and organizes process information in order to 

extract the types of information needed by SVIR. Information such as errors, error 
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modes, and error remediations are obtained and recorded in this manner. This 

methodology of extracting information in a stepwise manner can be further developed 

beyond the use of Excel spreadsheets for enhancing the support from process knowledge, 

but in this research, the basic concept for doing so was developed and tested.   

 

SVIR was applied to a real, existing manufacturing environment, and its application not 

only helped identify areas in the process which can be improved to prevent possible 

future human induced errors for an actual inspection process, but also permitted the 

effectiveness of SVIR to be evaluated. It contributed positively to a manufacturing 

organization and the individuals who work with the process. Evaluation of the 

methodology by the primary SME also suggested that the SVIR methodology is effective, 

practical, and is applicable in the manufacturing industry in general.  

 

This research also contributes to the development of HFIRM and SVA. It is the first 

extensive application of HFIRM, and along with the application, the validation conducted 

as part of this research also validated the effectiveness of HFIRM. Similar goes for SVA, 

as this research also validates the effectiveness of the SVA concept, as refined by SVIR. 

In summary, the contributions of this research are: 

1. A HEI methodology that identifies human errors based on system 

characteristics and human fallibilities.  

2. Application of the SVIR methodology to a manufacturing process and cites 

recommendations for improving the process.  

3. Verification of HFIRM and SVA methodologies.  

 117



6. Recommendations 

This chapter discusses the areas in SVIR where improvements could be made. The 

improvements are presented with the goal of developing the methodology for increased 

efficiency and accuracy, developing a better testing methodology, improving its usability, 

and further investigating the range of its application.  

 

One troubling characteristic of SVIR is the amount of time it requires. The research, 

undertaken by a graduate student who shared his time between coursework and research, 

lasted close to one year. This is a significant amount of time (compared to methods 

commonly used to identify errors), and if the methodology is to be widely used in the 

manufacturing industry, it needs to be more efficient in terms of time. To address this, the 

value added by each process in the methodology needs to be investigated, and the 

methodology could then possibly be compacted. Many questions can be asked here. Does 

the prioritization activity add significant value to a HEI methodology and the customer? 

In addition, can IDEF0 and task analysis be replaced by other methods that take less 

time? An accelerated SVIR methodology would significantly increase the value of the 

methodology for manufacturing organizations. 

 

Another area that needs to be investigated is how this research was validated. Aspects of 

this include the formulation of the questionnaire, generation of questions for the 

questionnaire based on identified errors, and the failure to consider correct rejections. The 

questionnaires that were given to inspectors consisted of two types of questions: 

Severity/frequency and degree of agreement. Based on the results, the former questions 

 118



obtained consistently higher ratings than the latter questions. Furthermore, the 

questionnaire did not include the measurement of “invisibility” as described in the FMEA 

style prioritization activity. This was due to the composition of participants (both 

inspectors and process engineers participated), which can cause discrepancies in this 

field, and the large number of questions in the questionnaire (51). Another related issue 

regarding the questionnaire is the way questions were formulated. In some cases, a single 

question was designed to probe for more than one type of error, especially in the case of 

questions regarding stressors. The degree of relevancy between each individual error and 

the questions may not be uniform across the questionnaire. Lastly, the questionnaire did 

not allow the analyst to measure “correct rejections”. In this research, correct rejections 

would be defined as the fallibilities that were identified by the HFIRM database or the 

analyst as being not applicable to the inspection process. Questionnaires applied to later 

applications of SVIR should include errors generated based on fallibilities that were 

identified to be irrelevant to the process to test for correct rejection.  

 

Future versions of SVIR should consider the possibility of creating a more integrated 

process. The current process consists of various software, tools, and human activities. 

The analyst performs modeling using AI0Win, performs task analyst using MS Excel, 

identifies fallibilities using the MS Access HFIRM database, manually crosses out 

irrelevant fallibilities, enters the relevant fallibilities into an MS Excel spreadsheet and 

extracts errors, and manually generates remediation. These activities are independent 

activities, and most transitions between activities are abrupt. More emphasis is needed on 

relating one process to another. For example, guidelines should be created for the analyst 
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in the observation phase to focus on information that would be useful in creating the 

IDEF0 model and task analysis. Similarly, guidelines should be created for extracting 

more specific information from observation, the IDEF0 model, and task analysis when 

using the HFIRM database for identifying fallibilities. In the current SVIR methodology, 

the IDEF0 model and task analysis are ways to preserve process information obtained 

during observation, and there might be other means of comprehensively preserving such 

information. The activity of generating errors and remediations is highly dependent on 

information gained from previous steps, and streamlining would help significantly. The 

spreadsheets used to extract and develop information can be further refined and 

integrated. 

 

Later versions of the SVIR methodology should be applied to other types of processes 

such as other portions of SMT processes, machining processes, and product design. This 

is suggested in order to confirm the applicability of the methodology to a broad range of 

industrial domains. In order to better appeal in industrial domains, research should also 

be conducted to help estimate the possible monetary savings or quantification of the 

effects of the human errors and recommendations to the organization each recommended 

change can bring. Quantification of human errors and recommendations could help 

justify the recommendations from performing SVIR.  

 

In summary, the general recommendations for future research and development are: 

1. Re-evaluate the components of the SVIR process to decrease the amount of time 

SVIR requires. 
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2. Test for correct rejections of SVIR and invisibility of human errors.  

3. Integrate components of the SVIR methodology to streamline the process.  

4. Apply and test the SVIR methodology in another domain.  
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Appendix A: Protocol for initial Institutional Review Board application 

Protocol for Initial Application 
 
Project Title:  Verification of findings using systematic vulnerability analysis on pre-reflow 

inspection of SMT 
Principal Investigator:  Dr. Kenneth Funk, Industrial and Manufacturing Engineering 
Co-Investigator:  Wei-Tau Lee, Industrial and Manufacturing Engineering 
Study Number:  
 
1.  Brief Description   
 
 The objective of this study is to obtain feedback from subject matter experts 
regarding the effectiveness of the human error identification (HEI) process conducted on 
an inspection process. The HEI study is based on a technique which involves modeling 
the process using IDEF0, and using a human performance database to identify all 
possible errors tied to this process. We will present this list of possible errors to the 
subject matter experts for review, and a questionnaire will be provided to evaluate the 
findings.  
  
2.  Backgrounds and Significance 

 
This research seeks to test the effectiveness of a human error identification 

methodology involving the use of IDEF0 modeling and a human performance database. 
The pre-reflow inspection at (research sponsor) has been selected as the process to study. 
We have modeled this process with IDEF0, and obtained a list of possible problems 
through the use of a human performance database. As the results from the database might 
not be completely relevant to the process, the subject matter experts will be used to filter 
out the irrelevant findings from the database and evaluate the effectiveness of the 
methodology.  
 
3. Methods and Procedures  
 
Participants will include engineers and inspectors from (research sponsor), who work 
directly with the manufacturing floor of the SMT process at their Oregon facility. 
Participation will be voluntary, and participants will be recruited with the help of the 
engineering manager of the department by distributing a memo (See appendix A). There 
will be no penalty or reward for participation.  
 
A list of possible problems derived from the results of the HEI process will be presented 
to the participants. For each of the problems, the participant will rate (from 1-5, 1 being 
least, 5 being most) the impact and frequency of the problems.  
 
Before beginning the survey, participants will be asked to read a consent form (see 
Appendix B).  This informed consent document will indicate that participation is 
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completely voluntary, the risk/ benefits of participation, the purpose of the study, and that 
participants can withdraw at any time without loss of benefits. Participants will be 
permitted to ask questions at any time. Participants who wish to withdraw from the study 
before completing the questionnaire will be permitted to withdraw with no penalty.  
 
In order to protect the identity of the participants, the surveys will be distributed in an 
unmarked envelope to each participant and they will be given 5 days to complete the 
survey. When returning the completed survey, they will put the completed survey back 
into the same unmarked envelope, and they will deposit it in a sealed box placed in the 
lunchroom throughout the 5 days. The participants who decide to withdraw will simply 
deposit the survey without actually completing it. To assure anonymity, we are requesting 
the waiver of the signature on the informed consent.  
  
4.  Risk/Benefit Assessment 
 

• Risks: There are no discernible risks to the participants as they are asked only to 
complete a paper survey regarding the findings of the HEI process.   

 
• Benefits: The results of the study will help guide the further development of the 

HEI process, which helps system analysts anticipate and prevent human errors. 
Participants may not benefit directly from the study.  

 
• Conclusions: As there are no foreseeable risks to participants, and the benefits 

may include contributing to the reduction of human error, we conclude that the 
potential benefits of this study significantly outweigh the risks.  

 
5.  Participant Population   
 
The participants for this study will be engineers and inspectors that work directly with the 
electronics assembly process at (research sponsor). The participant population is 
restricted to adults 18 years of age and older. Gender or ethnic group will not restrict the 
participant population. The number of participants will not exceed fifteen.   
 
6. Subject Identification and Recruitment   
 
Participants will be recruited through an invitation by the engineering manager from the 
engineers and inspectors whose work is deemed directly related to the improvement of 
electronics assembly at (research sponsor).  
 
7.  Compensation   
 
There will be no compensation for volunteering to participate in this study.  
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8.  Informed Consent   
 

Participants will be provided with an informed consent form (see Appendix B) and will 
be permitted to ask questions prior to making a decision on whether to participate.  The 
informed consent form explains that participation is voluntary, the risks/ benefits of 
participation, the purpose of the study, and that participant may withdraw at any time 
without loss of benefits. If they would like to volunteer for the study, participants will be 
asked to read the informed consent form. 
 
9.  Anonymity or Confidentiality  
 
The informed consent form includes a statement that indicates, “your responses will be 
protected to the extent permitted by law.”  No individual names or other personal 
identifying information will be included on the survey. Informed consent signatures will 
not be filed with the questionnaires to ensure anonymity.  No personal information will 
be collected, and results will be published in group-form only. 
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Appendix B: Informed consent form 
 

Informed Consent Form 
 

Project Title: Verification of findings using systematic vulnerability analysis 
on pre-reflow inspection of SMT 

Principal Investigator:  Dr. Kenneth Funk, Industrial and Manufacturing Engineering 

Co-Investigator:  Wei-Tau Lee, Industrial and Manufacturing Engineering 

Study Number:    
 
WHAT IS THE PURPOSE OF THIS STUDY? 
This study will help evaluate the effectiveness of the method used to evaluate the pre-
reflow inspection process currently being used at (research sponsor) in Oregon. By 
having you evaluate the results derived from the output of this method, we will be able to 
judge the effectiveness of the method.  

 

WHAT IS THE PURPOSE OF THIS FORM? 
This consent form provides you with the information you need to decide whether or not 
to participate in the study. Please read the form carefully. You may ask any questions 
about the research, the possible risks and benefits, your rights as a volunteer, and 
anything else that is not clear. When all of your questions have been answered, you may 
decide if you would like to participate in the study. 

 

WHY AM I BEING INVITED TO TAKE PART IN THIS STUDY? 
You are being invited to take part in this study because you are considered an expert for 
either helping in the improving and maintaining the inspection process as an engineer, or 
working as an inspector in the inspection process.  

 

WHAT WILL HAPPEN DURING THIS STUDY AND HOW LONG WILL IT 
TAKE? 
For this study you will be asked to complete a survey regarding your opinion on possible 
problems that may exist in the current pre-reflow inspection process. You will be 
presented with 51 possible problems, and you will be asked to evaluate (on a scale from 
1-5) the impact of the problem, and the frequency of the problem. On several problems, 
you will be asked to rate your level of agreement with several statements regarding the 
process. The survey will take approximately 40 minutes. 
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WHAT ARE THE RISKS OF THIS STUDY? 
There are no foreseeable risks to participate. 

 

WHAT ARE THE BENEFITS OF THIS STUDY? 
You may not benefit directly from being a part of this study. However, the results of this 
study will help guide the further development of the method used to identify ways in 
which the current process can be improved upon. The results of the method will also be 
provided to (research sponsor) along with possible solutions.  

 

WILL I BE PAID FOR PARTICIPATING? 
You will not be paid for participating in this study. 

 

WHO WILL SEE THE INFORMATION I GIVE? 
The information you provide during this research study will be kept confidential to the 
extent permitted by law. You will not be asked to provide any personal information 
during this research. If the data collected in this research project is published, your name 
will not be associated with the information. Your data will be coded according to 
arbitrarily assigned numbers and stored within computer files. Only the principal 
investigator and experimenters will have access to this data. 

 

DO I HAVE A CHOICE TO BE IN THE STUDY?  
Participation in this study is fully voluntary. If you decide to take part in the study, it 
should be because you want to volunteer. You will not lose any benefits or rights you 
would normally have if you choose not to volunteer. You will not be treated differently if 
you decide to stop taking part in the study.  

If you decide to volunteer for the study, you can stop at any time during the study and 
still keep the benefits and rights you had before volunteering. If you choose to withdraw 
from this study before completing the survey your data will not be included in the final 
analysis.   

 

WHAT IF I HAVE QUESTIONS? 
If you have any questions about this research project, please contact: Wei-Tau Lee 
(Student Researcher, leewe@engr.orst.edu) or Kenneth Funk (Principal Investigator, 
funkk@engr.orst.edu). If you have questions about your rights as a participant, please 
contact Oregon State University Institutional Review Board (IRB) Human Protection 
Administration at (541) 737-4933 or by e-mail at irb@oregonstate.edu. 
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Appendix C: Recruitment memo 
 
To: Engineers and inspectors of SMT process at (research sponsor) 
 
From: Wei-Tau Lee 
 
Subject: Recruiting for survey participants for pre-reflow process study 
 
My name is Mike Lee, and I am a graduate student in Industrial Engineering at Oregon 
State University. I am currently conducting a study regarding the effectiveness of the 
current pre-reflow inspection process and would like to invite you to evaluate the results 
from the study. Your input will help us determine the effectiveness of the method and 
how the current process can be improved in the future.  
 
Participation is completely voluntary. If you choose to participate, you will be given a 
package containing the survey and an informed consent form. Before starting the survey, 
please read and sign the informed consent form, which contains detailed information 
regarding this study. The survey will contain 51 possible problems in the current 
inspection process, and you will be asked to rate on a five-point scale, the impact of the 
problem and the frequency of the occurrence. Even after receiving the survey, if you wish 
to withdraw, you will always have the option of discarding the survey or turning it in 
blank.  
 
The survey will take you approximately 40 minutes, and you will not be paid for 
participating in the study. Your results will not be shared with any of your managers or 
coworkers, and there will be no way of tracing the results back to you. No personal 
information will be asked. The only requirement is that you are of 18 years or older and 
work closely with the pre-reflow inspection process at (research sponsor).  
 
If you would like more information, please refer to the informed consent form (which 
you will have to sign prior to the survey). I can be contacted by phone at (541) 9081531, 
or email at leewe@engr.orst.edu. 
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Appendix D: Human Fallibility Identification Questionnaire  
 
Human Fallibility Identification Questionnaire   
 
Date:     
 
Project Title: Verification of findings using systematic vulnerability analysis on pre-reflow inspection of SMT 
Principal Investigator:  Dr. Kenneth Funk, Industrial and Manufacturing Engineering 
Co-Investigator:  Wei-Tau Lee, Industrial and Manufacturing Engineering 
 
Please rate each of these potential problems according to your experience and knowledge regarding the pre-reflow inspection, 
assuming the inspector described in the following questions is a typical, trained, and qualified inspector. 
 
The impact of the problem is rated as follows: 
 

1. It usually causes no negative impact; only on very bad days does something bad result from the problem.  
2. There is a good chance that this problem would cause the board to need rework.  
3. It is almost certain the problem would cause the board to need rework.  
4. It could cause the board to be scrapped.  
5. It could cause further damage beyond the board (eg. to other boards and equipments).  

 
The frequency of which you would expect the problems to occur: 
 

1. Never happens.  
2. Occurs around once a year.  
3. Occurs around once a month.  
4. Occurs around once a week.  
5. Occurs daily 
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For the Agree/Disagree questions marked by the “A/D” on the leftmost column, you will not have to give the ratings for frequency 
and impact of the problem. The rating is as follows: 
 

1. Strongly disagree 
2. Disagree 
3. Neutral 
4. Agree 
5.   Strongly agree 
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Part 1 – Capture of information 
# Problems Frequency Impact Agree/Disagree 

1a Inspector forgets to attend to a task (eg. forgetting to 
change the parameters of an oven) because there is 
another task, or a few other tasks to perform at the same 
time.  

1  2  3  4  5 1  2  3  4  5 

  

1b Inspector attends to a task, but was done incorrectly (eg. 
setting the wrong oven temperature) because there is 
another task to be performed or a few other tasks to 
perform at the same time. 

1  2  3  4  5 1  2  3  4  5 

  

1c Inspector forgets to attend to a task / done incorrectly and 
later carrying on a subsequent task thinking it has been 
done (eg. forgetting to change the parameters of an oven 
and later running a board through it thinking it’s been 
changed). 

1  2  3  4  5 1  2  3  4  5 

  

2a Inspector remembers the component/group of component 
but confuses it with other similar component/group of 
component while it is in memory before using the 
information. 

1  2  3  4  5 1  2  3  4  5 

  

2b Inspector remembers multiple components correctly, but 
having their characteristics (eg. number of pins, type of 
components) mixed up.  

1  2  3  4  5 1  2  3  4  5 
  

3a Inspector not being able to find a certain portion of the 
physical board consistently due to the lack of supporting 
tools or signs to do so. 

1  2  3  4  5 1  2  3  4  5 
  

3b Inspector not being able to find a certain portion of the 
board on the iView diagram consistently due to the lack 
of supporting tools or signs to do so. 

1  2  3  4  5 1  2  3  4  5 
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3c Inspector not being able to decide how much information 
should be remembered during one pass. 1  2  3  4  5 1  2  3  4  5 

  

4a Inspector not being able to remember the entire portion 
of section of the board that is desired to be remembered. 1  2  3  4  5 1  2  3  4  5 

  

4b 
 
 

Inspector remembers an entire section of the board, but 
failing to remember certain attribute of components (# of 
pins, color… etc.) in the section of the board. 

1  2  3  4  5 1  2  3  4  5 

  

5 Inspector is able to remember information from the 
iView, waivers, and other sources of information that 
he/she needs, but forgets portions of it when it is to be 
retrieved later on. 

1  2  3  4  5 1  2  3  4  5 

  

Part 2 – Memory retrieval and inspection 
# Problems Frequency Impact Agree/Disagree 

1a Inspector is unable to decide if the component should be 
adjusted or not because the orientation is marginal to the 
naked eye. 

1  2  3  4  5 1  2  3  4  5   

1b Inspector finds it hard to determine what type of a 
placement flaw the component possesses (eg. hard to tell 
if it is crooked, flipped, or wrong component).  

1  2  3  4  5 1  2  3  4  5   

2 Inspector decides components needs adjustments, but 
find it hard to determine the best method/tool to use to 
make the adjustments.  

1  2  3  4  5 1  2  3  4  5   

3a 
 

A/D 

Some inspectors tend to be more lenient than other 
inspectors and let components slip hoping it would self-
correct in the oven if they are only marginally off.  

    1  2  3  4  5 

3b 
A/D 

Surrounding equipments, tools, and environment can 
alter inspector performance.      1  2  3  4  5 
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4a 
A/D 

Inspectors often need to adjust their posture in order to 
gain better view of the board being inspected.      1  2  3  4  5 

4b Inspector pays most of his/her attention to one 
component or looking for one type of flaw, and forgets to 
inspect other components/flaws.  

1  2  3  4  5 1  2  3  4  5   

4c Inspector looses track of which components have been 
inspected and which hasn’t.  1  2  3  4  5 1  2  3  4  5   

4d 
 

A/D 

When the inspector spends lots of time continuously 
inspecting, it often takes more effort to remain accurate 
and sensitive, or else performance degrades.  

    1  2  3  4  5 

5a Inspector remembers some information in memory (a 
long time ago) and later recalls it, but the information 
was inaccurate.  

1  2  3  4  5 1  2  3  4  5   

5b Inspector tries to recall a piece of information regarding a 
component, but gets confused and end up recalling 
information of another component instead. 

1  2  3  4  5 1  2  3  4  5   

6a Inspector has good original assumption of the 
component, but the assumption was altered by faulty 
information received later.  

1  2  3  4  5 1  2  3  4  5   

6b Inspector has bad original information and latter 
information failed to make the correction.  1  2  3  4  5 1  2  3  4  5   

7 Inspector comes across a physically special (Can be size, 
color, features…etc.) component, which draws attention 
away from surrounding components, therefore causing 
components to be skipped or inspected with little 
attention. 

1  2  3  4  5 1  2  3  4  5   
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8a Inspector performs inspection using a certain technique 
(eg. starting from top left, move towards the right… etc.), 
but forgetting to inspect one or more components by 
doing so. 

1  2  3  4  5 1  2  3  4  5   

8b Inspector performs inspection using a certain technique 
(eg. starting from top left, move towards the right… etc.), 
remembering to inspect all components, but forgetting to 
inspect a few aspects of the component due to the 
technique. 

1  2  3  4  5 1  2  3  4  5   

8c 
 

A/D 

Techniques can be less applicable to certain boards, such 
as when they are unusually grouped, populated, or 
shaped.  

    1  2  3  4  5 

9 Inspector comes across a board that has been done 
before, but with some minor changes. The inspector 
forgets to inspect taking into account of the changes. 

1  2  3  4  5 1  2  3  4  5   

10a 
A/D 

Badly placed components among a group of components 
that are horizontally placed are easier to detect than badly 
placed components vertically placed.  

    1  2  3  4  5 

10b 
 

A/D 

Color contrast between the component, solder paste 
joints, and the circuit board can significantly affect the 
ease of detection of badly placed components. 

    1  2  3  4  5 

10c 
 

A/D 

Light intensity, color, shadows, and angles can 
significantly affect the ease of detection of badly placed 
components.  

    1  2  3  4  5 

11 
 

A/D 

Boards that are entirely new to the inspector, especially 
when the inspector is less experienced with encoding the 
placement and population of components, the inspector 
will experience limited memory capacity and will be 
slow to encode. Accuracy can also suffer.  

    1  2  3  4  5 
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12a Inspector starts on a new board that is harder to inspect 
than the pervious (therefore requires more attention / 
slow down), but the inspector didn't adjust for the change 
in the board in time, therefore the beginning of the 
inspection is less precise. 

1  2  3  4  5 1  2  3  4  5   

12b Inspector isn't able to determine when more attention is 
needed according to the board or when to slow down. 1  2  3  4  5 1  2  3  4  5   

13 Inspector remembers some information from iView and 
other sources of information, but after a short period of 
time when the information is needed, it is already 
forgotten. 

1  2  3  4  5 1  2  3  4  5   

Part 3 – Classification of error and inspection 
# Problems Frequency Impact Agree/Disagree 

1a Inspector pays too much attention to certain aspect of the 
components (like the orientation) and failing to pay 
enough attention to other aspects of the components (like 
population and component type).  

1  2  3  4  5 1  2  3  4  5 

  
1b Inspector's prior experiences of certain flaws (for 

example frequently occurring, recently occurred) cause 
inspectors to believe in the occurrence of these flaws 
more often.  

1  2  3  4  5 1  2  3  4  5 

  
2 Inspector places a best guess prior to deciding what kind 

of flaw is present (a wrong guess), and information 
showing otherwise is ignored.  

1  2  3  4  5 1  2  3  4  5 
  

3a Inspector makes a mistake because tools used to adjust 
the components are oddly shaped in terms of directions, 
therefore causing hardships in adjusting the components. 

1  2  3  4  5 1  2  3  4  5 
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3b Inspector uses the magnifying glass, causing performed 
movements to be larger than intended when adjusting 
components, therefore resulting in a mistake.  

1  2  3  4  5 1  2  3  4  5 

  
4 Inspector finds a component that might need adjustment, 

but decide not to because it has a possibility of turning 
out fine after the reflow, and the adjustment that needs to 
be performed is difficult to perform (like when it's 
located in between two big components). 

1  2  3  4  5 1  2  3  4  5 

  
5a A/D One type of flaw/component often looks like other types 

of flaws/components.     1  2  3  4  5 
5b Inspector can't decide what type of adjustments to make 

because the same type of flaw varying in different 
degrees often require different types of adjustments 
depending on how serious the flaw is.  

1  2  3  4  5 1  2  3  4  5 

  
Part 4 - Stressors 

# Problems Frequency Impact Agree/Disagree 
1  
A/D 

The lighting and noise often feels uncomfortable or 
distracting.      1  2  3  4  5 

2  
A/D 

Certain tasks when needed to perform concurrently often 
cause confusion or distraction.      1  2  3  4  5 

3  
 
A/D 

Some sources of information are often forgotten or 
ignored when the environment feels uncomfortable or 
distracting.      1  2  3  4  5 

4 
 
A/D 

Certain situations (like the amount of work on OPIE or 
the stoppage of the line) often make introduce the feeling 
of having a large workload.     1  2  3  4  5 

5  
 
A/D 

The surrounding tools and environment within the 
workstation can be improved to ease tension and reduce 
distractions.     1  2  3  4  5 
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6  
A/D 

The surrounding tools and environment within the 
workstation can often change.      1  2  3  4  5 

7 A/D Unexpected work occurs regularly.      1  2  3  4  5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 139



 140

Appendix E: Survey question to error scenario conversion 
 
Survey Question (Part-Question): Question presented in Human Fallibility Identification Questionnaire. 
Specific Error Scenario: The error scenario (as presented in prioritization spreadsheet) the question aims to test. 
 
 
 
 
 
 
 
 
 
 
 



 
Survey Question (Part-

Question) Specific Error Scenario 
1-1a Fails to set oven temperature. 
1-1b Fails to set oven to correct temperature. 
1-1c Puts board into an oven with wrong temperature. 
1-2a Encoding a component as a wrong type of component due to mis-association with LTM. 
1-2b Misidentifying a component as the wrong type of component on the board due to mis-association. 
1-3a Failing to locate the right portion of the physical board intended. 
1-3b Failing to locate the right portion of the iView diagram. 
1-3c Unable to determine the optimal amount of information to try to encode. 
1-4a Unable to completely remember the portion of information that is intended to be remembered. 
1-4b Unable to encode certain attributes of components due to overly ambitious scope. 
1-5 The data was memorized, but degraded as the time it spent in the working memory was too long. 
2-1a When the orientation of the component look marginal, the absolute judgment will be difficult to make. 

2-1b When the orientation of the components are classified in multiple categories, the inspector will have 
hard time remembering/identifying them. 

2-2 Inspector places the beta too high, thus components have to display a high level of defect to be 
considered defected. 

2-3a Suboptimal use of surrounding equipments. 
2-3b The orientation of the board from the view of the inspector can be abnormal from certain angles. 

2-4a The inspector is overly focused on checking a single aspect of components, thus forgetting the other 
aspects to be checked. 

2-4b The inspector applied too little attention to the inspection task, thus forgetting which components have 
been checked. 

2-4c The inspector applied too little attention to the inspection task, thus forgetting what aspects of the 
board should be checked. 

2-4d The inspector performance is degraded over time, resulting in the reduction of performance of his 
visual sensitivity. 

2-5a Inspector recalling bad/wrong/incomplete information regarding the component, thus resulting in 
inaccurate assumptions. 

2-5b Inspector recalling the information for a wrong component, resulting in inaccurate assumptions. 
2-6a Inaccurate information received from alternative sources altering the originally correct assumption. 
2-6b Accurate information from an alternative source failed to correct the faulty original assumption. 
2-7 Forgetting to inspect certain smaller, regular components around a large, rare component. 
2-8a Using a suboptimal search technique causing entire components to be missed in the search pattern. 
2-8b Using a suboptimal search technique causing certain aspects of inspection to be forgotten. 

2-8c Encountering a board where the search technique used are less applicable. Possible factors are 
confusing component groupings, odd shapes, unusually dense component groups. 

2-9 When minor changes are made on a familiar board, the minor changes might still be ignored/forgotten 
even when documentation are present. 

2-10a Abnormalities of small, rectangular objects arranged in groups are better detected when placed 
vertically than horizontally. 

2-10b Color between component, board, and solder can affect the sensitivity of the inspector. 
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2-10c Different lighting methods and their associated projection of shadows can enhance/degrade sensitivity. 

2-11 Inspectors with less experience who are not familiar with components, component groups, and 
regularly produced boards will have harder time remember large groups of components. 

2-12a Ideally, inspectors will lower the beta when a board that is of high importance and high error rate 
shows up. This might not happen, as the shift in beta is usually slow. 

2-12b Unable to accurately decide when to shift beta. 
2-13 The inspector might forget the stored information before retrieval. 

3-1a Due to paying too much attention to certain aspect of the evaluation (eg. Too much on existence and 
little on orientation). 

3-1b Misdiagnosing the flaw due to assumptions being affected by frequency/recency of other flaws. 

3-2 Misdiagnosing the flaw due to an original faulty assumption causing the inspector to not take 
information that proves otherwise seriously. 

3-3a Direction incompatibility of the adjustment tools causing less accurate adjustments. 
3-3b Combination of magnified image and the unmagnified movement causing less accurate adjustments. 

3-4 Deciding not to make needed adjustments due to the difficulty of adjusting and the component being 
"not too far off". 

3-5a,b The information presented by the board regarding the component presents a sign of another 
error/nonexistent error. 

4-1, 4-5 Due to paying too much attention to certain aspect of the evaluation (eg. Too much on existence and 
little on orientation). 

4-2, 4-4 Misdiagnosing the flaw due to assumptions being affected by frequency/recency of other flaws. 

4-1 Misdiagnosing the flaw due to an original faulty assumption causing the inspector to not take 
information that proves otherwise seriously. 

4-3 Direction incompatibility of the adjustment tools causing less accurate adjustments. 
4-3 Combination of magnified image and the unmagnified movement causing less accurate adjustments. 

4-4, 4-7 Deciding not to make needed adjustments due to the difficulty of adjusting and the component being 
"not too far off.” 

4-5, 4-6 The information presented by the board regarding the component presents a sign of another 
error/nonexistent error. 



Appendix F: Survey Results 
 
  Survey 1 Survey 2 Survey 3 Survey 4 Survey 5 Survey 6 Survey 7 Survey 8   Average 
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Frequency 

Im
pact 

A
gree/D
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S
core 

Part1           

1a 1 2   3 4   3 4   3 4   1 4   3 3   3 3   4 3     2.6 3.4   8.9

1b 1 2   3 4   3 4   4 3   1 5   3 3   3 3   3 3     2.6 3.4   8.9

1c 1 3   3 4   2 4   4 3   2 1   2 2   2 2   4 3     2.5 2.8   6.9

2a 2 2   1 1   2 3   2 3   2 2   2 3   2 3   4 2     2.1 2.4   5.0

2b 3 3   1 1   1 3   2 2   1 1   2 5   2 5   2 2     1.8 2.8   4.8

3a 2 2   2 1   2 2   2 3   3 5   3 1   3 1   2 1     2.4 2.0   4.8

3b 1 2   3 1   2 2   2 2   4 5   4 1   4 1   3 1     2.9 1.9   5.4

3c 3 2   1 1   5 1   1 3   1 1   4 1   4 1   4 1     2.9 1.4   4.0

4a 1 2   1 1   5 1   5 4   5 5   4 1   4 1   4 1     3.6 2.0   7.3

4b 1 2   1 1   5 1   2 4   1 4   3 1   3 1   2 1     2.3 1.9   4.2

5 1 2   5 1   4 2   4 4   3 3   3 2   3 2   3 1     3.3 2.1   6.9

Part2           

1a 1 2   4 2   1 1   4 2         2 2   2 2   5 2     2.7 1.9   5.0

1b 1 2   2 1   1 1   4 2   3 3   2 2   2 2   2 1     2.1 1.8   3.7

2 2 2   2 1   1 1   3 2   4 4   1 1   1 1   3 2     2.1 1.8   3.7

3a     4     4     3     4     2     5     5     4       3.9 15.0

3b     2     3     4     2     3     4     4     4       3.3 10.6

4a     4     4     5     1     5     5     5     5       4.3 18.1

4b 4 3   1 2   3 2   3 2   3 2   4 3   4 3   4 2     3.3 2.4   7.7

4c 3 2   2 1   3 1   4 2   5     5 2   5 2   4 2     3.9 1.7   6.6

4d     2     2     3     3     4     4     4     4       3.3 10.6

5a 3 4   3 1   2 2   2 1   1 2   3 2   3 2   3 2     2.5 2.0   5.0

5b 3 3   1 1   2 3   2 1   5 2   2 2   2 2   3 2     2.5 2.0   5.0
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6a 2 2   2 1   2 3   1 1   3 1   2 2   2 2   3 3     2.1 1.9   4.0

6b 3 3   2 1   2 2   1 1   5     2 5   2 5   3 3     2.5 2.9   7.1

7 4 2   2 2   2 1   4 2   3     2 2   2 2   3 2     2.8 1.9   5.1

8a 4 2   3 2   2 2   4 2   1 1   3 2   3 2   3 3     2.9 2.0   5.8

8b 4 2   4 2   2 1   1 1   4 2   2 2   2 2   2 2     2.6 1.8   4.6

8c     4     3     2     4     2     3     3     5       3.3 10.6

9 3 2   2 1   2 2   2 2         2 2   2 2   4 2     2.4 1.9   4.5

10a     2     2     3     2     3     2     2     3       2.4 5.6

10b     2     2     4     2     4     3     3     4       3.0 9.0

10c     2     3     4     4     3     4     4     4       3.5 12.3

11     3     4     2     2     5     4     4     5       3.6 13.1

12a 4 2   1 1   2 2   1 2         4 2   4 2   2 2     2.6 1.9   4.8

12b 1 2   1 2   2 2   1 1   3 1   2 2   2 2   4 2     2.0 1.8   3.5

13 2 2   1 1   5 1   1 1   5 2   3 2   3 2   3 2     2.9 1.6   4.7

Part3           

1a 5 2   2 1   2 2   3 2   3 5   2 3   2 3   4 2     2.9 2.5   7.2

1b 2 2   3 1   3 3   3 2   2 2   4 2   4 2   3 3     3.0 2.1   6.4

2 4 4   2 1   2 1   1 1   1 2   2 1   2 1   2 2     2.0 1.6   3.3

3a 4 2   1 1   1 1   2 2   3 5   1 1   1 1   4 3     2.1 2.0   4.3

3b 5 2   1 1   3 1   1 1   2     1 1   1 1   3 2     2.1 1.3   2.7

4 4 3   1 2   3 1   3 2   3 5   4 1   4 1   4 2     3.3 2.1   6.9

5a     4     1     3     3     3     2     2     4       2.8 7.6

5b 4 2   1 1   1 1   3 2   2     1 1   1 1   2 2     1.9 1.4   2.7

Part4           

1     4     2     3     4     2     2     3     4       3.0 9.0

2     3     2     3     4     2     3     2     5       3.0 9.0

3     2     2     4     4     2     2     3     4       2.9 8.3

4     4     3     3     3     5     4     4     5       3.9 15.0

5     4     3     2     4     4     4     4     5       3.8 14.1

6     2     3     4     4     4     2     2     5       3.3 10.6

7     2     4     4     4     4     3     3     4       3.5 12.3



Appendix G: Recommendation Report 1 
 

Part 2, Question 4a 
Inspectors often need to adjust their posture in order to gain a better view of the board 
being inspected. (18pts). 
 
This question targeted the possibility of the layout of the workspace being sub-optimal in 
terms of visual access to the inspector. The human fallibility associated with this error is 
equipment design effect. It does not directly cause any specific errors, but indirectly 
contributes to numbers of other errors.  
 
Current Status: 
The current layout of the workspace consists of an inspector standing in front of the 
conveyor that carries the incoming populated board. The height of the conveyor is 
roughly as high as the abdominal of the inspector, thus the operator must look 
downwards during inspection. The inspector has the use of a magnifying glass when parts 
are too small.  
 
Possible Considerations: 

• The inspector might have to stand at the same spot for an extended period of time; 
the inspector might feel discomfort from postural fixity and thus need to change 
the orientation.  

• The inspector might need to change the orientation to compensate for larger 
boards, which might require larger degrees of leaning to various directions, 
causing back stress.  

• As the size of the components varies, the inspector might need to change the 
orientation vertically to gain a clear view of the component.  

• Whenever the inspector changes the orientation, working memory gets 
interrupted. This might cause the inspector to lose track of which components 
have been inspected, which components are currently being inspected, and 
forgetting various pieces of information. 

 
Possible Solutions: 

• Help inspectors locate a better orientation to perform inspection. Possible 
considerations include: 

o Provide a seating option.  
o Providing an additional block, the inspectors will be able to rests one foot 

higher than the other foot. 
o Provide an area for the inspector to rest the elbows on. The inspectors can 

currently rest their elbows on the conveyor, which is adequate.  
o Allow the inspectors to adjust the angle and height of the populated board. 

This serves two main purposes: 
 Allow the inspectors to gain better view of the board when seated.  
 Allow the inspectors to adjust the angle to reduce glare.  
 The amount of adjustment angle can range from 0-20 degrees. 
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 If this recommendation is not implemented, the inspectors are still 
encouraged to stand during inspection. The seat can still exist for 
the inspector to use when not inspecting/adjusting parts.  

o These implementations aim to extend the amount of time the inspector can 
stay in one position. 

• Provide a marker to aid memory as far as which section of the board is being 
inspected. This can be just a flag on the iView, or markers using light on the 
physical board (small adjustable spot light). Using the spot light as a marker is 
only important when interruptions exist. Otherwise, it can be optionally applied 
when the inspector pauses during inspection.  

o The spot light also serves the purpose of illumination purpose, and 
provides the inspector with shadows for components.  

• Display the board on a computer monitor, which is currently being implemented.  
 

Part2, Question 3a 
Some inspectors tend to be more lenient than other inspectors and let components slip 
hoping it would self correct in the oven if they are only marginally off (15pts). 
  
This question targeted the possibility of inspectors having different interpretations of the 
limits to which the components can be off. The human fallibility associated to this error is 
beta placement bias (expertise and individual). It directly effects how much the inspector 
is willing to let the flaws slip.  
 
Current Status: 
It is safe to assume right now that the inspectors were provided the information as to how 
far components can deviate. 
 
Possible Considerations:  

• Different inspectors often have different tolerances for how much a component 
can be off before it needs adjustment.  

• Inspectors that are more experienced tend to be more willing to let flaws slip.  
• There is little physical identification or marking of when to consider a component 

to be placed out of specification. It is often left up to the judgment of the 
inspector.  

 
Possible Solutions: 

• Provide permanent markings in the form of thin lines or fine dots on the PCB in 
order to clearly identify the limit, which the component cannot exceed.  

• Provide clear standards that are easily accessible within the workspace. 
• Provide guidelines in the form of pictures or diagrams in the workspace to remind 

the inspectors how to determine if a component needs to be adjusted or not.  
• Encourage alternative modes of “inspection”, such as physically tapping the part, 

or encouraging the inspectors to view the part from a second angle. Inspectors can 
tap the two ends of a part lightly using a tool to ensure the parts are seated evenly.  

• Training: periodic training on the placement limits of the components.  
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• Provide feedbacks on how well their inspections score in terms of hits/misses. 
Correct rejections and false alarms would be a little hard to include. Of course, it 
should be made clear that the data will not be used against them in any way. 
Better yet, make the data only available to the inspectors themselves.  

 
Part 4, Question 4 

Certain situations (like the amount of work on OPIE or the stoppage of the line) often 
introduce the feeling of having a large workload. 
 
This question probes the inspectors for stress in feeling a high workload. When the 
environment makes the inspector feel like there is a large amount of workload even when 
there really isn’t (subjective workload disassociation), the performance of the inspector 
degrades (workload effect). This indirectly affects other errors in the form of stress 
affecting memory usage, accuracy, and other resources.  
 
Current Status:  
The current inspection station is connected to the rest of the SMT line by a conveyor. The 
daily work planned for the line is provided to the inspectors daily in the form of a list. 
When the work arrives, the inspector runs through a series of multiple tasks (open files on 
the computer, check board match, enter parameters on oven, etc.) prior to starting of 
inspection. 
 
Possible Considerations: 

• Tasks that are not streamlined can give a sense of high workload.  
• The current work order is presented as a list, and items that have been done are 

crossed off. 
• The format of the information displayed on the computer can result in stress due 

to cluttering of information.  
• The status of the rest of the line (such as the pick and place machines) can cause 

the inspector to think there is a high workload.  
 
Possible Solutions: 

• Work can be streamlined (at least in the mind of the inspector) by laying out the 
tasks that needs to be performed concurrently in the form of a step-by-step 
process. This can also serve as a reminder as well.  

• Work can be really avoided if it can be entered into a database that contains the 
information regarding the various files that needs to be opened, the oven 
parameters, the waivers, and other things. The database can prompt the inspector 
to perform preparation tasks and automatically open the necessary files.  

• The current work order can be displayed on a computer display (or something 
similar), and when something is done, it disappears.  

• The man display in iView can be displayed at lower resolution by default 
(zoomed in higher). A smaller, overall “map” can be present in one corner to aid 
navigation.  

• Try to find a balance between having the inspector feel that the inspection is 
holding up the line (entire line idle) or that there are a large number of boards 
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waiting to be inspected (many boards piled up at inspection). This might not be an 
issue if the next board only gets started at the first pick and place machine in the 
series when the board prior to it enters pre-reflow inspection. 

 
 

Part 4, Question 5 
The surrounding tools and environment within the workstation can be improved to ease 
tension and reduce distractions. 
 
This question is similar to question 4. While question 4 focuses on factors that cause the 
inspectors to feel that there is a high workload (which in turn causes stress), this question 
probes the possibility of other stressors and distractions.  
 
Possible Considerations: 

• The monitor displaying the iView can be moved so the displayed information is 
compatible and in close proximity to the board.  

• The current control interface (dragging and clicking with the mouse) can be 
improved.  

• Minimize disturbances during inspection from upstream operators. 
 
Possible Solutions: 

• Move the monitor to lay flat right next to the board, right above the conveyor.  
• Use a joystick-style mouse and modify iView to allow scrolling as the inspector 

pushes the joystick. It might increase training time for this process, and current 
inspectors would have to be trained for this. Addition stress would not be induced 
here, provided the inspectors would only use the joystick when inspection (no 
mouse in inspection). The benefit here are that a joystick secured to the 
workstation can be operated using the left hand with close to equal efficiency as 
the right hand, and less effort is needed compared to a normal mouse (no 
scrolling, positioning, and sliding).  

• Encourage other operators to not disturb the inspector during the inspection. 
Information regarding a board that is being produced in an upstream process can 
be attached to the board via a post-it note.  

• Experiment with earplugs and headphones (yes, with music) during inspection to 
block out disturbing noise. We recommend letting the inspectors choose from a 
variety of instrumental music (no words), and providing choices such as classic 
and techno. Also, consider having the music provided by an external source such 
as Muzak to avoid copyright issues.  

 
Part 2, 11 

Boards that are entirely new to the inspector, especially when the inspector is less 
experienced with encoding the placement and population of components, the inspector 
will experience limited memory capacity and will be slow to encode. Accuracy can also 
suffer. 
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This question probes the possibility of inspectors being able to remember the components 
better as they gain more experience over time (skilled memory advantage). This is due to 
the inspectors starting to remember portions of the boards in long term memory, making 
it easier to encode the information.  
 
Current Status: 
Most inspectors seem to have a good amount of experience and are able to remember 
components on the board significantly better than a novice (me).  
 
Possible Considerations: 

• Take the lack of experience into consideration when a new inspector starts.  
• Incorporate chunking into training and board design. This means training the 

inspectors in recognizing large portions of a board. 
 
Possible solutions: 

• Start new inspectors with easier boards, such as ones that are consisted of many 
clones of one small board.  

• When coming across boards that are often produced, or sections of a board that 
are often seen on other boards, point them out to the inspector. This will serve as a 
cue to the inspector incase the inspector just happens to not be in a good mental 
state to recall the board, and it also helps train a less experienced inspector by 
pointing out which boards will be seen again in the near future.  

• When designing boards that contain sections (cluster of components) that are 
often exist on other boards, highlight them on both the board itself and the iView 
and possibly give them a simple name (if there are not too many of these 
component groups). The highlight can be in a form such as a line that circles the 
portion of the physical board. The designer that does the layouts of the board 
should design such sections in the same shape across boards. This would help the 
inspectors remember (chunking) these common board sections regardless of what 
boards they are applied to.  

 
Note: Suggestions such as markings on the boards for help determining if a component is 
accurately placed, and markings that defines a group of often shared sections, can be 
made into a “guideline” for the engineers designing the boards. This would easily fall 
into “design for manufacturability” in the form of “inspectibility”



Appendix H: Recommendation Report 2 
 

Part 4, Question 7 (12.25 pts) 
Unexpected work occurs regularly. 
 
This question probes for interruptions in the form of unexpected additional work during 
the inspection routine. When unexpected work arrives in the middle of an inspection, it 
interrupts the inspector even if the work does not get started “right away”. The arrival of 
“even more work” and how it is presented to the inspector can sometimes lead to stress. 
Three fallibilities are associated with this stressor: Task design stressor effect, Subjective 
workload disassociation, and Workload effect. 
 
Current Status: 
When additional work arrives, it does not show up on the daily work order, as it is 
generated at the beginning of the day and printed out. The work usually goes to whoever 
happens be to at the location, but it is reasonable to assume that the inspector usually 
finishes the current board being inspected, send it into the oven, and then starts on 
additional work. “Work” in this question, refers to any tasks that can get in the way of 
inspection. For example: 

• Inspector receiving a board that does not exist on the work order. It can be due to 
it being a high priority board, therefore it “jumped the line”, or that it is a rework.  

• Inspector having to stop the routine of inspection and conduct repair on a board.  
• Inspector having to stop inspection to fill out a survey conducted by a graduate 

student from OSU. 
 
Possible Considerations: 

• Find ways to present added work in a non-intrusive (or sneaky) way.  
• Deliver the information about added work to the inspector only when the 

inspector is not performing inspection. 
 
Possible Solutions: 

• Present work order using a monitor, and when a board is done being inspected, 
the board disappears from the monitor. Additional work can be added to the 
displayed list as it comes, with added notation to indicate it is of priority. 

• Identify an alternative inspector to perform the inspection when the additional 
work does not come through the pick and place process. Adding work to the 
inspector who was performing the pre-reflow inspection adds more stress by 
making the inspector feel that the line is stopped.  

• Unexpected work is not always negative. It can potentially be beneficial if it is 
presented well (so it might seem “less unexpected”), and used as part of the 
rotation as suggested in Part 2, Question 4d.  

 
Part 2, Question 10c (12.25 pts) 

Light intensity, color, shadows, and angles can significantly affect the ease of detection of 
badly placed components. 
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This is a very specific question with the purpose of getting the opinion of the inspectors 
regarding the importance of lighting in their workspace. It is related to the design of their 
workspace and the sensitivity of the inspectors. Literature has revealed that workspaces 
that only comply with standards at a minimal level are often not sufficient.  
 
Current Status: 
The workspace currently has to source of lighting: Ambient lighting and a circular 
florescent light mounted on the magnifying glass.  
 
Possible Considerations: 

• Experiment with the current source of lighting and add a spotlight. The spotlight 
will generate shadows, which can be useful at times.  

• Experiment with the color of light. 
 
Possible Solutions: 

• Add a spotlight located either above the shoulder of the inspector, shining down 
at an angle, or next to the elbow of the inspector (far enough so the inspector 
does not bump the light, and that the heat from spot light does not bother the 
inspector). Be sure not to rely solely on the spotlight, as it is often perceived as 
uncomfortable. Use the spot light in combination with an overhead light that 
provides most of the light. 

 
 

Part 2, Question 3b (10.56 pts) 
Surrounding equipments, tools, and environment can alter inspector performance. 
 
This question is concerned with the importance of workspace design. It is highly related 
to Part2 Question 4a, and Part 4 Question 5. The suggestions made here are in addition to 
those made in the two questions mentioned.  
 
Current Status: 
The workspace is not overly cluttered, but can be improved. Instructions are mounted 
from the ceiling above the workspace, tools and components are located on a small table 
to the right of the inspector, and the workspace itself is the conveyor system of the SMT 
line. 
 
Possible Considerations: 

• Rearrange the workspace to provide a larger, flatter workspace.  
• Instructions mounted over the workspace can be moved downwards or integrated 

into part of the surrounding setup.  
• Move the location of tools and manually placed components closer to the 

location of the board being inspected. 
 
Possible Solutions: 

• Consider removing the table, providing an extension to the rear cover of the 
conveyor (and use it as work surface), and storage space under the conveyor if 
needed. Figure 1 below shows the locations where work surfaces can be added. 
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Figure 4: Work spaces 

• Move the instructions to an area where the inspector can easily glance while 
performing inspection. Consider the possibility of producing them as vinyl sheet 
and attaching it to a surface closer to the board being inspected. Example of 
possible spaces includes the housing of the conveyor, or the extended surface 
mentioned in the previous recommendation. 

• The extension mentioned previously can he used to store tools and components. It 
should be located close enough to the board so the inspector would only have to 
move the eyeballs to visually follow the hand to retrieve or return tools and 
components. 

 
 

Part 2, Question 4d (10.56 pts) 
When the inspector spends lots of time continuously inspecting, it often takes more effort 
to remain accurate and sensitive, or else performance degrades. 
 
During visual inspection tasks, inspectors often experience degradation in accuracy and 
sensitivity over time. The human fallibility responsible for this is vigilance decrement.  
 
Current Status: 
Breaks (long and short) are at least an hour apart, and when an inspector performs pre-
reflow inspection; it can last for the entire period of time between break, and quite 
possibly an entire day.  
 
Possible Considerations: 

• Frequent rotations and change of tasks. This might require training to perform 
other tasks. Identify at least one task that does not involve extensive visual 
activity. 

• Encourage movement and stretching between tasks. 
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Possible Solutions: 
• Use three inspectors, performing three tasks. Two of the tasks would be the pre-

reflow inspection and inspection after reflow oven, so the inspector follows the 
board through. The third task would be a task that does not involve extensive 
visual activity. Consider tasks such as delivering finished parts to the next 
department, helping to prepare pick & place, and similar tasks. 

• By implementing improvements such as board markings and use of a video 
camera, the badly placed components would be more salient (obvious), thus easier 
to detect even with decreased vigilance. 

• Ways to increase level of arousal, besides frequent rotation, also include 
conversation, music, and our good friend caffeine. Conversation and coffee 
drinking should only be limited to times between boards (after finishing one board 
and before starting on the next). 

• When a decrease in the inspection quality is detected, the inspector should be 
informed (without getting threatened of course). This can be in a form of a weekly 
or monthly report. The report can be used as a means of setting goals and 
challenging the inspectors to achieve better accuracy. 

• Research “eye exercises”.  
 

Part 2, Question 8c (10.56 pts) 
Techniques can be less applicable to certain boards, such as when they are unusually 
grouped, populated, or shaped. 
 
Inspectors often employ their own techniques in the pattern of search. However, some of 
these patterns are less applicable when it oddly designed boards are encountered. With 
oddly shaped boards, sections of the board might be missed. With boards that contain a 
section with a very dense component population, an inspector might try to remember too 
much and forget important information. This is related to Sampling Bias in structured 
search. 
 
Current Status: 
Most inspectors seem to have their own search technique. And most of these techniques 
starts from the upper left, proceeds to upper right right, and then snakes downwards. The 
second most popular technique was to proceed from upper left to upper right, return to 
the left, down one row, and proceed to the right again.  
 
Possible Considerations: 

• Consider suggesting to the inspectors a standardized, simple, and efficient search 
pattern.  

• Help keep track of what portions of the boards are inspected on tools such as 
iView. 

 
Possible Solutions: 

• Divide up the board on the iView into sections. Each section should contain 3-9 
components. The iView should start from the upper left of the board, and proceed 
to the right, section by section. When a section is done, a click of the mouse 
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moves the iView diagram to the next section. This would turn the iView into an 
“inspection facilitator” of some sort. The inspector can select his/her favorite 
search pattern before starting. 

o In the case that modifications to iView are not possible, consider pre-
dividing the board into chunks of 5-9 components per chunk. These 
chunks are arranged in a “matrix”-like fashion. This way, all components 
will be inspected as long as all chunks are inspected regardless of pattern.  

 
 

Part 4, Question 6 (10.56 pts) 
The surrounding tools and environment within the workstation can often change. 
 
When a workspace is shared, the environment can often change from inspector to 
inspector, shift to shift. Things that can shift in location are tools, components, and 
paperwork. When these things get shifted, the inspector might feel disoriented for a little 
while, as the routine that she adapted previously will no longer be appropriate. 
 
Current Status: 
Currently the tools and components are located on the table to the right of the workspace. 
Tools have been standardized as to where they belong, and inspectors usually return them 
to the right location. Components and paperwork does not seem to have a standardized 
location.  
 
Possible Considerations: 

• Move the tools so that returning them to the standardized location is as almost as 
easy as leaving them out (during inspection). 

• Create holders for components and paperwork. Component holders should also be 
placed very close to the board.  

 
Possible Solutions: 

• Move the tools and component onto the conveyor to standardized locations. 
Consider applying together with the recommendations in Part 2, Question 3b.  
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Appendix I: Recommendation Report 3 
 

Part 1, Question 1a (8.86 pts) 
Inspector forgets to attend to a task (e.g. forgetting to change the parameters of an oven) 
because there is another task, or a few other tasks to perform at the same time. 

 
This question probes for an error mode that results from limited capability to tend to 
multiple tasks at the same time. Because of this limitation, when the inspector attempts to 
perform/think about multiple tasks at the same time, the decreased performance might 
result in the inspector forgetting to perform a certain task.  

 
Current Status 
The inspector usually has a lot of preparation work to tend to when a board arrives at the 
inspection area. Tasks include identifying the board, checking off the board from work 
order, finding/opening iView, checking for waivers, and setting oven temperature. The 
overhead display provides some guidelines to perform these tasks.   
 
Possible Considerations 

• Use a mental “speed bump” to separate the preparation stage of inspection and the 
inspection itself. It would stress the importance of preparation work and allow 
placement of a checklist.  

• Divide the tasks up so the inspector does not feel the need to perform tasks 
concurrently. 

• Use visual cues (e.g. checklist) to remind the inspector what tasks are to be 
performed, which tasks have been completed, and which tasks remain to be 
completed.  

 
Possible Solutions 

• “Officially” make iView the last step of the preparation process by writing it into 
the procedure and training. Before displaying the iView diagram, a popup 
window could appear, showing all the preparation tasks (one at a time) that the 
inspector should have performed at this time. Next to each task will be a check 
box. Only when all the boxes are checked will the window go away and the 
inspector is able to proceed. This is a checklist.  

• Mount a sensor on the conveyor rail (maybe there is already one there) to sense 
when a board has arrived at the inspection area. The sensor will trigger a (not so 
bright) LED on the oven, which will not go away until the inspector adjusts the 
temperature. 

• Use similar cues for other concurrent tasks as well.  
 
 

Part 1, Question 1b (8.86 pts) 
Inspector attends to a task, but was done incorrectly (eg. setting the wrong oven 
temperature) because there is another task to be performed or a few other tasks to 
perform at the same time. 
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Like question 1a, this question probes for an error mode that results from limited 
capability to tend to multiple tasks at the same time. In this question however, we are 
interested in the case when the inspector actually remembers to perform the task, but 
allocates too little attention to it, resulting in unsatisfactory task performance.  
 
Current Status 
The main difference between 1a and 1b is that there are few guidelines and indications to 
guide the inspectors through the task in detail. Even if guidelines do exist, they would be 
too long and complex because they would have to go into great detailed. 
 
Possible Considerations 

• Implement the checklist recommendation mentioned in 1a to help the inspector 
manage tasks. 

• Use a secondary display to display the oven temperature. The purpose would be to 
increase the opportunity for the inspector to see that the temperature does not 
match what OPIE suggested.  

 
Possible Solutions: 

• Train the inspectors to use the popup window implemented in 1a to guide the 
preparation process. The window would display one task at a time, and when the 
check box of a task is checked, the next task would appear.  

• Have a temperature display outside of the reflow oven, preferably near the area 
where the inspector spends most of the time inspecting. Even better would be to 
display the oven temperature in the iView window. 

 
Part 2, Question 10b (9 pts) 

Color contrast between the component, solder paste joints, and the circuit board can 
significantly affect the ease of detection of badly placed components. 

 
Because of the color contrast between the components and the circuit boards, certain 
smaller components might blend in with the rest of the board. When the inspector does 
not remember the placement information from iView well enough, the inspector might 
forget to check the component. Furthermore, components that have colors too similar to 
the color of the board are harder to inspect since the inspector would have to look closer 
(i.e. much more carefully) to identify features such as edges and markings. 
 
Current Status 
The boards currently used are mostly green, and most of the smaller components are of 
dark color. On the positive side, the solder leads are silver, which does make inspection a 
little easier. Nevertheless, the inspector can still forget to inspect components that do not 
have visible solder joints (components might cover it up?). 
 
Possible Considerations and Solutions 

• Consider experimenting with boards of lighter color, even just a lighter shade of 
green.  
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• If additional ink printed on the board cost relatively little, consider filling in the 
area in between the two leads to solid white. 

 
 

Part 4, Question 1 (7.12 pts) 
The lighting and noise often feels uncomfortable or distracting. 

 
There are various forms of environmental stressors. Common ones include vibrations, 
heat, light, noise, and pressure. These stressors can increase psychological arousal to an 
excessive level, helping other fallibilities manifest themselves as errors. It can also draw 
attention away, causing the inspector uses mental resource to wonder, for example, “Why 
is it so hot?” 

 
Current Status 
Please consult Part 4, Question 5, and Part 2, Question 10c. These two previous sections 
discussed the issues with light and sound, and solutions for these stressors. 

 
Part 4, Question 2 (9 pts) 

Certain tasks when needed to perform concurrently often cause confusion or distraction. 
 

Some tasks uses the same sensory, cognitive, motor resources, so they would be less 
effective when performed at the same time. For example, a visually intensive task like 
adjusting the iView diagram would not go well when performed at the same time as 
inspecting a board. Fortunately, the inspector usually performs these two tasks 
independently.  

 
Current Status 
Most of the tasks in the inspection process are visual processes, and it would be hard to 
turn them into auditory tasks. As a result, the only way to avoid intramodality 
performance decrement would be to streamline the process to avoid parallel tasks. 
Previous reports have discussed means of streamlining tasks.  
 
The popup window to guide the inspector through the preparation process step by step 
described in question 1a and 1b can overcome this fallibility. 
 

Part 4, Question 3 (8.27 pts) 
Some sources of information are often forgotten or ignored when the environment feels 
uncomfortable or distracting. 
 
The inspector might forget about certain sources of information when the line is busy and 
stressful. iView is a very salient feature of the workplace and a major source of 
information, so it would less likely to be forgotten. The same goes to the work order. 
However, the inspector might fail to recognize that he inspected a similar board not long 
ago, or that there might be a waiver for the board, two pieces of information likely to be 
overlooked. 
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Current Status 
The inspector has access to various sources of board information. This includes iView, 
OPIE, waivers, other inspectors, work order, previous experience, and upstream 
operators.  
 
Possible Considerations 

• Provide a list of these sources of information as a reminder.  
• Seek for a way to merge information from “smaller” sources to major sources.  
• When inspecting a board, try to remind the inspector when the inspector has 

inspected a similar board in the past.  
• Make important sources of information more salient to the inspector. 

 
Possible Solutions 

• Along with the work instructions, the work instruction can also provide a list of 
all the possible sources of information in the form of a list. Present it as a 
reminder.  

• Try merging the important information waivers, other inspectors, and upstream 
information as links from iView in the form of small icons. The existence of the 
icon indicates the existence of such information, and clicking on the icon can 
bring up a brief summary regarding the information.  

• One very useful practice the department currently performs is that important 
boards are given “codenames.” This is a great way to help inspectors remember 
these boards.   

• When the inspector inspected a similar board within the last three days, inform the 
inspector by placing a note on the work order saying so. It serves as a cue to 
remind the inspector of the board and its information 
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Appendix J: Recommendation Report 4 
 

Part 1, Question 1c (6.875 pts) 
Inspector forgets to attend to a task / done incorrectly and later carrying on a subsequent 
task thinking it has been done (eg. forgetting to change the parameters of an oven and 
later running a board through it thinking it’s been changed). 

 
This question is heavily correlated to Part 1, Question 1a and 1b. The difference between 
this question and the previous two is the time this error takes place. When 1a and 1b 
occurs and is undetected, the inspector continues to perform inspection tasks. The period 
of time when the inspector is performing inspection tasks are possible opportunities for 
detection of the error.  

 
Current Status: 
Currently the oven temperature display is located on the reflow oven itself. Other tasks 
that must be performed after visual inspection are installment of board supports and 
manual components. For oven temperature, the inspector is informed of which profile to 
load, but does not necessarily know what actual temperatures and oven speed are needed.  
 
Possible Considerations:  

• During the period after setting the oven parameters and before running the board 
through the oven, provide a display in view of the inspector that shows the 
intended oven temperature and actual oven temperature.  

• Implement a pre-reflow checklist.  
• When boards needs manually placed components and board supports, physically 

mark the boards.  
• Let inspectors know actual temperatures instead of just the profile to load.  

 
Possible Solutions: 

• Display the oven temperature in a small window in a corner of the screen or on a 
secondary display. This display should be visible during inspection when the 
inspector is looking at iView. If it shares the same monitor with iView, be sure 
the window does not have large or fancy borders and use a small font (12 or 14 
point). 

• In addition to the preparation checklist previously suggested, a short post-
inspection checklist could remind the inspector of tasks that follows inspection. It 
should consist of three items:  

o Check oven temperature.  
o Install board supports.  
o Install manual components.  

• When the boards need supports or manually installed components, place a small 
sticker on the board that identifies so, or mark it using a white board marker.  

• If not already done, instead of just letting the inspectors know which oven profile 
to load, let the inspectors know the actual parameters of the profile as well. The 
inspectors would better detect the error when wrong profile is loaded.  
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Part 1, Question 4a (7.25 pts) 
Inspector not being able to remember the entire portion of section of the board that is 
desired to be remembered. 
 
This question probes for the possibility of the inspector’s memory capability being 
negatively affected by map clutter, working memory limitation, and lack of expertise 
chunking facilitation. On the positive side, if the inspectors follow the limits of memory 
capacity and takes advantage of chunking (tie information in working memory with 
information in long term memory to remember a large amount of information as one 
unit), information can be remembered reliably for the duration of one inspection pass.  
 
Current Status: 
Most current inspectors have a lot of experience inspecting and have good knowledge 
regarding boards and components. These experienced inspectors will be able to chunk 
components more easily (possibly by grouping them into commonly seen groups), and 
remember attributes of the components more easily. For less experienced inspectors, 
there will be limitations on how much can be remembered.   
 
Possible Considerations: 

• For less experienced inspectors, train them to inspect 7 components (or less) at a 
time.  

• Pre-divide the components on the board for better chunking facilitation.  
• Promote chunking, similar to suggestion of Section 2, Question 11.  

 
Possible Solutions: 

• During the training phase for inspectors, train the inspectors to remember 7 +/- 2 
components at a time. The same concept can be applied to experienced inspectors 
inspecting a new or difficult board.  

• iView can be enhanced by pre-dividing up the board into multiple sections of 
7+/-2 components. It could jump from one chunk of the board to another chunk 
as the inspector presses a key or clicks the mouse. This function will also ensure 
the inspection covers the entire board.  

• Identify common “chunks” that may exist across boards, and make sure they are 
always designed the same when on different boards. Highlight them on iView 
(and if possible, highlight or circle them with subtle markings on the board).  

 
Part 1, Question 5 (6.9 pts) 

Inspector is able to remember information from the iView, waivers, and other sources of 
information that he/she needs, but forgets portions of it when it is to be retrieved later on. 
 
Working memory will start to degrade almost immediately when something gets stored 
there unless it is repeated constantly or aided by the use of chunking. Therefore, when 
inspectors read information from iView and do not immediately use it, the information 
will very likely be too degraded to use.  
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Therefore, it is important to place the sources of information close to the location where 
the information will be applied to shorten the time it stays in working memory, and when 
grouping components, group them in a way that is easy for inspectors to repeat verbally.  
 
Current Status: 
Currently the source of information (computer monitor) and the board are located within 
reasonable proximity of each other, but measures can be taken to further reduce it. Other 
sources of information such as ones from OPIE and waivers can be relocated to shorten 
the time between getting information and using it as well.  
 
Possible Considerations: 

• As suggested before, move the computer display so it sits right under or just 
above the rails of the conveyor. 

• Eliminate or shorten any tasks that are performed between viewing iView and 
inspecting the board.  

• When designing the board, arrange components in a way that can easily be 
encoded and verbally repeated.  

 
Possible Solutions: 

• Implement the monitor relocation suggestion identified for Part 4, Question 5.  
• Use a ball or joystick style mouse and mount it statically on the workstation. This 

would allow the inspector to start inspection without having to move the mouse 
back to a stable location.  

• Train inspectors to perform preparation tasks for the next round of inspection 
prior to viewing iView (such as adjusting the magnifying glasses, picking 
adjustment tools, and adjusting posture), instead of putting these tasks in between 
iView and inspection. This change should also be reflected in the written 
procedure. 

• Consistent with “design for inspectibility”, arrange chunks composed by small 
components in a matrix form, with each matrix being 7 columns long. This would 
allow the inspector to remember the components population row by row as: “0-1-
1-1-0-0-1”, with 0 being unpopulated pads and 1 being populated pads.  

 
Part 2, Question 4b (7.7 pts) 

Inspector pays most of his/her attention to one component or looks for one type of flaw, 
and forgets to inspect other components/flaws. 

 
This question probes for the possibility of the inspector focusing on a certain aspect of 
inspection, and as a result, forgetting entirely about other aspects of inspection. This is a 
problem caused by fixation and working memory limitations. 
 
Current Status: 
There are currently four types of flaws the inspectors looks for when inspecting a board, 
three of which are focused on components.  
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Possible Considerations: 
• Train the inspectors to inspect the board for one type of flaw at a time.  
• By implementing the semi-automated iView upgrade, there would be less 

opportunity for the inspector to miss components during inspection.  
 
Possible Solutions: 

• Look into the possibility and feasibility of training the inspectors to inspect for 
one type of flaw at a time. For example, the first pass would be a scan to make 
sure the board matches what the iView displays. The second pass would focus on 
the orientation of the components, where the inspector (with support of the iView 
upgrade) looks at each component on the board to make sure all components are 
straight and centered. The third pass would focus on making sure each component 
is of the right type. The fourth pass would focus on making sure components that 
can potentially be rotated 90 or 180 degrees are not rotated.  

o This implementation might increase the amount of time the inspection 
takes. If the increase in time is significant, consider expanding the pre-
reflow inspection process to compensate two inspections at a time to 
compensate the decrease in productivity. 

o If is it determined that the increase in time is excessive, or if the inspectors 
find performing four passes to inspect the board being an annoyance, 
consider modifying this process. The inspector would make a first pass to 
make sure the board matches what is shown on iView, and make one pass, 
inspecting one chunk at a time. Within each chunk, the inspectors would 
be trained to make three passes to inspect for population, orientation, and 
rotation.  

 
Part 2, Question 6b (7.142 pts) 

Inspector has bad original information and latter information failed to make the 
correction. 
 
Sometimes the inspectors have prior information regarding the portion of the board being 
inspected or a component. This information can be information from previous 
inspections, assumptions, or both. Because of the existing information, inspectors might 
find it hard to learn the new information, which in many cases are critical especially 
when the inspector intends to apply the original information.  
 
This concept can also be true to the information displayed in iView reinforced by 
inspector experience, and the waiver or information from other operators might fail to 
correct it. In terms in performing actual inspection, a chunk of information previously 
remembered can also make it hard for the inspector to remember the next chunk of 
information. 
 
Possible Considerations: 

• When updated materials exist, merge the change with the major source of 
information the inspector depends on, which is probably iView.  
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• Separate the information presented to the inspector by an adequate amount of time 
(approximately 10 seconds). This can be done using a delay.  

 
Possible Solutions: 

• If possible, eliminate the use of waivers, and make the actual changes on iView. 
In the case where this change is not feasible: 

o Provide a waiver holder near the monitor where iView is displayed, so the 
information is also readily available. Highlight important information on 
the waiver such as which component the changes apply to.  

o Changes or information provided from upstream operators can be written 
on a post-it and attach to the waiver or waiver holder. The format of the 
post-it needs to be standardized to focus on the needed information such as 
components that are affected and the description of the change.  

• When the iView upgrade is implemented, be sure that chunks of information are 
presented at least 10 seconds apart from each other. 10 seconds is roughly the 
amount of time it takes for a small chunk of information to decay in working 
memory.  

• Part of the solutions for Part 2, Question 4d suggested rotation of work. This 
would be a good way to let information degrade in working memory between 
inspections. 

 
Part 3, Question 1a (7.187 pts) 

Inspector pays too much attention to certain aspect of the components (like the 
orientation) and failing to pay enough attention to other aspects of the components (like 
population and component type). 

 
Due to fallibilities like recency bias, the anchoring heuristic, and the availability 
heuristic, the inspectors might not treat all potential flaws equally. These fallibilities can 
cause the inspector to place more emphasis on looking for certain flaws than others 
because of recently found flaws or past experiences with certain flaws.  

 
Current Status: 
More experienced inspectors can probably develop their own biases towards certain 
boards and components. For example, if certain flaw gives them a hard time, they might 
pay more attention in the future to look for that flaw. Another example can be if 
somebody warns them about the particular flaw, they might perceive the information that 
is more recent as being more reliable.  
 
Possible Considerations/Solutions: 

• Implement the four-pass inspection practice described in Part 2, Question 4b.  
• Implement rotating work suggested in Part 2, Question 4d to help prevent the 

availability heuristic and recency bias because any former hypothesis would be 
made more difficult to recall.  

• When there are components or flaws that are more “dangerous” the inspector 
needs to specifically watch out for, have the inspector perform the inspection 
separately before proceeding to regular inspection.  
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• When a later piece of information exist, train the inspectors to go back, review 
other related information, and evaluate them side-by-side.   

 
Part 3, Question 1b (6.375 pts) 

Inspector's prior experiences of certain flaws (for example frequently occurring, recently 
occurred) cause inspectors to believe in the occurrence of these flaws more often. 

 
Related to question 1a, inspectors might believe certain flaws occur more often, and 
believing so in many cases causes the inspector to look specifically for this type of error 
and miss errors of other types. The solutions provided for 1a would address this fallibility 
as well.  

 
Part 3, Question 4 (6.906 pts) 

Inspector finds a component that might need adjustment, but decide not to because it has 
a possibility of turning out fine after the reflow, and the adjustment that needs to be 
performed is difficult to perform (like when it's located in between two big components). 

 
Because certain flaws are difficult to repair/adjust, implement cost bias might cause the 
inspector to decide to not adjust components that are marginally flawed.  
 
Current Status: 
The inspectors currently use their own judgment to determine if a part is oriented 
correctly.  
 
Possible Considerations: 

• Implement suggested solutions presented in Part 2, Question 3a. The suggestions 
in this problem would help the inspectors decide if the orientation of the 
component is acceptable. It will be important to continue training the inspectors to 
follow these limits.  

 
Possible Solutions: 

• Encourage inspectors to, when possible, “nudge” the component back to a 
position that is “less unsatisfactory”, but not oriented perfectly. This is assuming 
nudging components is easier than having to fully pick up the component and 
reposition it.  

• Implementations to decrease the difficulty of adjusting components can be looked 
into by conducting a separate study. These implementations resulting from such 
study will be more costly and would first require pre-studies to identify specific 
attributes that make an inspector decide a component is hard to adjust. One 
foreseeable and basic recommendation is to find a means that would allow the 
inspector to move and rotate the board to better gain access to all portions of the 
board.  

 
Part 3, Question 5a (7.562 pts) 

One type of flaw/component often looks like other types of flaws/components. 
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Expert inspectors looks for evidence as signs for errors and the type of errors exist. This 
practice can lead to errors if flaws and components are difficult to differentiate from each 
other.  
 
Current Status: 
Many different components on a board look almost identical to each other. This is 
especially true for small resistors and capacitors on the boards. 
 
Possible Considerations: 

• Train the inspectors (or cross-train them) to better differentiate the components.  
• Instead of relying solely on the visual appearance of the component itself, use 

secondary cues such as shadows, board markings, and “feeling” the components. 
 
Possible Solutions: 

• Over time, inspectors learn how to accurately identify small, common 
components. For new inspectors it would be a good addition to add to the list of 
information iView displays (when the cursor moves across a component) 
description of the actual markings on the component (texts printed on top of the 
chips).  

• Train the inspectors to inspect the orientation of the component by not only 
looking at the component, but for example, also looking at the shadow of the 
component when a spot light is shined at it. Orientation can be determined by if 
the top of the shadow is parallel with a marking on the board that is straight. 
Another example is to actually tap both ends of the component to make sure both 
ends are seated to the solder pad (some inspectors actually do this now).  
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Appendix K: Recommendation Report 5 
 

Part 1, Question 2a (5.047 pts) 
Inspector remembers the component/group of component but confuses it with other 
similar component/group of component while it is in memory before using the 
information. 
 
When a human encodes information, there is a chance of the new information becoming 
confused with an existing piece of information, and therefore when the information is 
retrieved, it contains inaccurate information. Furthermore, if the information was stored 
in long term memory, there is a tendency for the human to err during recall of the 
information. The term “information” here is not limited to board population, but also 
information learned when training, and component information. 
 
Current Status: 
The inspectors currently focuses on inspecting for the entire day, and after years of doing 
so, there can be a significant amount of information regarding board population and 
component information stored in their long term memory. Information regarding the 
process procedure which they use everyday are most likely “automatic” (can perform 
without thinking) since it is repeated constantly.  
 
Possible Considerations: 

• Post work instructions in a more accessible location of the workspace.  
• Separate tasks that are not automatic from tasks that are automatic.  
• Reduce the effort needed for encoding information.  

 
Possible Solutions: 

• Post work instructions on the surface of the conveyer to reduce the amount of 
effort needed to access it (will not require lifting head).  

• Identify boards that needs additional processes, and perform the added processes 
separately. For example, when components needs to be added, or a component 
needs to be rotated, do it before inspection begins.  

o For the “special tasks” that comes in the form of a waiver (which is 
assumed to be even more unusual), provide the reminder and instruction 
verbally (walking over and reminding the inspector), or pictorially (a 
simple drawing).  

• Group components in small “chunks” of 7 components like previously suggested 
(and other recommendations in Part 1, Question 5 and 4a), this would reduce the 
effort required to memorize the information, and reduce the likelihood of the 
inspector digging into long term memory for information. 

 
Part 1, Question 3a (4.75 pts) 

Inspector not being able to find a certain portion of the physical board consistently due 
to the lack of supporting tools or signs to do so. 
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This question is broad in nature. It probes for the problem of the inspector “getting lost” 
when looking for a specific portion of the board. The inspector can also lose track of the 
portion of the board that was last inspected. Physical tools can be applied to support the 
location and tracking function.  

 
Current Status: 
There currently is little physical support for the inspectors to track the status of inspection 
for the board or to mark which components have been inspected. However, iView can 
highlight components by selection, so it can be used to mark the area last inspected.  
 
Possible Considerations: 

• Look into the possibility of iView upgrade recommended in Part 1, Question 4a 
and pre-dividing the actual board for chunking as suggested for Part 2, Question 
8c.  

• Mark the current inspection.  
 
Possible Solutions: 

• On the current iView, encourage the inspectors to highlight (by selection) one of 
the current components being inspected to serve as a marker. 

• Make sure the all the inspectors follow a logical, consistent search pattern. For 
example, top left to top right, middle right to middle left, and so on.  

• For large components on a board (like those big BGA with a heat sink), provide a 
little more realism to its representation on iView. The actual markings on the 
components can be drawn in, or use an actual picture (similar to Google Earth, but 
only for a few large components on the board). 

 
Part 2, Question 5a (5 pts) 

Inspector remembers some information in memory (a long time ago) and later recalls it, 
but the information was inaccurate. 

 
Similar to Part 1, Question 2a, this question specifically concerns errors when recalling 
information stored in long term memory.  

 
Current Status: 
The inspectors are likely to have a large amount of stored information regarding 
components and boards in long-term memory.  
 
Possible Considerations: 

• Decrease the inspector’s dependence on long-term memory, especially regarding 
the attributes of components.  

• For boards that has been inspected before and inspected frequently, provide a cue 
(such as a catchy name) for recalling it. It is already being done at the present 
state.  
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Possible Solutions: 
• When a component has a “Pin 1”, explore the possibility of putting a “Pin 1” 

marking over it manually. It can be manually marked using a paint marker of a 
bright color (putting a dot on the corner). This is especially important for 
components that look similar to other components, new components, and 
components whose suppliers use a different notation.  

 
Part 2, Question 5b (5 pts) 

Inspector tries to recall a piece of information regarding a component, but gets confused 
and end up recalling information of another component instead. 

 
Even more specific than 5a, this question focuses on the error of retrieving component 
information from long-term memory. The suggestions provided in 5a apply here as well.  
 

 
Part 2, Question 8a (5.75 pts) 

Inspector performs inspection using a certain technique (eg. starting from top left, move 
towards the right… etc.), but forgetting to inspect one or more components by doing so. 
 
Similar to Part 2, Question 8c, this question probes for the possibility of having a less 
than optimal search technique that can result in components being missed. As 8c focuses 
on the possibility of the board design causing search techniques to fail, 8a focuses on the 
possibility of having a sub-optimal search technique to begin with. The recommendations 
for 8c apply here as well.  

 
Part 2, Question 10a (5.64 pts) 

Badly placed components among a group of components that are horizontally placed are 
easier to detect than badly placed components vertically placed. 

 
A study suggested that when there is a group of components that are all placed 
horizontally, a flaw in among the components would be easier to detect compared to if 
the components are all placed vertically.  

 
Current Status: 
There seem to be little guideline for designing board populations. The components are 
often scattered, but the orientations of components within a cluster seem consistent.  
 
Possible Consideration and Solution: 

• Place another “design for inspectibility” guideline for the engineers who design 
the boards. Expand the inspectibility guidelines for engineers to include placing 
the components horizontally in each cluster. This is especially important when the 
rotation or polarity of the component is sensitive.  

 
Part 3, Question 3a (4.25 pts) 

Inspector makes a mistake because tools used to adjust the components are oddly shaped 
in terms of directions, therefore causing hardships in adjusting the components. 
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When the tools used to make the adjustment are of unusual shapes, the adjustments might 
be inaccurate due to the inspector being “not used to” the operation of the tool.  
 
Current Status: 
There are varieties of tools the inspector are given to make the adjustments. Some of the 
tools (like the clip to pick up components) are angles, and some are not.  
 
Possible Considerations: 

• If possible, avoid tools with a significant change of axis, such as a 90 degree 
bend.  

• If possible, provide a set of tools that are consistently shaped.  
 
Possible Solutions: 

• Provide a set of tools that are of the same length and same angle. This avoids any 
temporary confusion in the orientation when switching between tools.   

• Look into a smaller magnifying glass, or a pair that can be worn over the head 
like a pair of glasses. 
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