
A HUMAN ERROR PERSPECTIVE OF SAFETY 
PLANNING AND CONTROL 

Tarcisio A. Saurin1
, Carlos T. Formoso2

, and Fabricio B. Cambraia3 

ABSTRACT 

This paper is concerned with the impact of a safety planning and control model (SPC) on 
human error. This model integrates safety into the production planning and control process 
and it adopts some safety management best practices reported in the literature. The analysis 
is based on data collected in four construction sites where the model was implemented. 

The main conclusion of this investigation is that six elements of the model (safety 
planning, near miss reporting, training, percentage of safe work packages indicator, 
participatory cycle and planning and control diffusion) have a contribution in terms of 
making both the boundaries of safe work visible and respected. Safety planning also helps to 
make the production system error-tolerant to some extent. However, the analysis of causes of 
safety failures in the empirical studies pointed out a high incidence of violations of the 
boundaries (on average, 40% of the total safety failures), mostly by workers. Thus, the main 
drawback of the model regarding human error control is its modest contribution to ensure 
respect for the boundaries of safe work. 
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INTRODUCTION 

Several studies have proposed methods and practices to improve the poor safety record of the 
construction industry, beyond what can be achieved through the requirements established by 
regulations. A common approach has been to identify best practices that can lead to 
excellence in terms of safety (Hinze, 2002; Harper and Koehn, 1998; Jaselskis et al.; 1996). 

However, Howell et al. (2002) alert to the fact that companies using best practice have 
achieved a plateau and that innovative approaches are necessary for further improving the 
safety performance of the construction industry. Moreover, the interactions between the so
called best practices as well as their underlying principles have not been sufficiently 
discussed in the literature. For instance, it remains unclear the types of root causes that can be 
tackled by each preventive method. In fact, it is even arguable whether the existing best 
practices are effective means to tackle some usual root causes such as those identified by 
Suraji and Duff (200 1) - e.g. financial pressures and short program timescale. 

Safety planning and control has been recognized as one of the critical measures required 
to achieve a zero accident target (Hinze, 2002; Liska et al., 1993), and it has been the focus 
of several research studies (Hinze, 1998; Kartam, 1997). However, these studies have not 
fully considered safety planning and control as a broad managerial process, which should 
include the control function and not to be so focused on the production of safety plans. 
Considering this gap, the authors of this paper have proposed a Safety Planning and Control 
(SPC) model in a previous research project (Saurin et al., 2004). This model adopts some 
best practices identified in previous studies (Hinze, 2002; Harper and Koehn, 1998; Jaselskis 
et al., 1996), including pre-task safety planning, performance measurement, mechanisms for 
workers' participation, and training. 

In accordance with the recommendations of some authors (Hinze, 1998; Kartam, 1997), 
the SPC model integrates safety into the production planning and control process. From one 
hand, such integration is needed because typical production planning decisions - what will be 
done, when, how and by whom - are the basis to establish safety preventive measures. On the 
other hand, safety requirements must be taken into account in production planning. 
Otherwise, production plans may fail due to the lack of safety. 

This paper is concerned with the impact of the model on human error, which is known as 
a major contributing factor in accident causation. Human error was chosen as a criterion for 
analyzing the model also because current best practices have been ineffective to reduce 
accidents that occur through workers putting themselves at risk (Howell et al., 2002). 
Moreover, it is assumed that by understanding the limitations of the model regarding human 
error control, it will be possible to identify the preventive measures that are necessary to 
complement the proposed model. 

BASIC CONCEPTS ON HUMAN ERROR 

Human error is an inappropriate or undesirable human decision or behavior that reduces, or 
has the potential for reducing, effectiveness, safety or system performance (Sanders and 
McCormick, 1993). There have been several attempts to classify the types of errors that 
people make during task performance (Wickens et al., 1998). An effective classification 
scheme can be of value in organizing data on human errors and for giving useful insights into 
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the ways in which errors are caused and how they might be prevented (Sanders and 
McCormick, 1993). 

In this study, the classification proposed by Lawton and Parker (1998) is adopted. Those 
authors group human errors in two basic types: (a) non-intentional errors: failures that are 
usually associated to cognitive factors, such as the limited human capacity for both 
information processing and short-term memory; (b) violations: deviations from the work 
method accepted as safe - in this case, the failure is originated in both psychological and 
social factors. 

Several studies have found human error as a major contributing factor in accident 
causation, both in construction (Suraji and Duff, 2001) and in the manufacturing industry 
(DuPont, 2000; Lawton and Parker, 1998; Rasmussen et al., 1994; Sanders and McCormick, 
1993). However, the actual participation of human error as a causal factor has varied within a 
wide range, from 29,9% (Suraji and Duff, 2001) to 96% (DuPont, 2000). This variation 
might be explained by the subjectivity involved in determining root causes of accidents. In 
fact, since it is not possible to establish objective rules to terminate the search for causal 
explanations, the decision to stop and to accept an event as the root cause depends entirely on 
the discretion of the analyst (Rasmussen et al., 1994). 

According to Rasmussen (1997), human errors cannot be eliminated, since human beings 
have an adaptive behavior. In dynamic work systems, such as construction sites, many 
degrees of freedom are left for adaptive modifications of procedures. Standardization and 
enforcement of work rules is generally limited due to financial and workload pressures. 
Therefore, people may be pushed to work in risky circumstances and they must be helped to 
develop and apply their judgment to avoid accidents (Rasmussen, 1997). 

In this context, Rasmussen et al. (1994, p.l48) proposes that the design of work systems 
minimizes human errors by focusing on the visibility of the boundaries around acceptable 
performance irrespective of the work procedures. Such boundaries must be defined in a way 
that they are respected or are made error-tolerant irrespective of the content of the current 
task (Rasmussen et al., 1994, p. 148). Thus, three design mechanisms to reduce human errors 
might be identified: (a) to ensure visibility of boundaries to failures, (b) to ensure that those 
boundaries are respected, and (c) to make the production system error-tolerant. These 
mechanisms are consistent with the strategies to improve performance proposed by 
Rasmussen et al. (1994): increase the sensitivity of actors for the boundary to loss-of-control, 
introduce pre-warnings to indicate operations too close to the boundary to loss of control, and 
to make the boundaries touchable and reversible. 

Based on the assumption that the approach of Rasmussen et al. (1994) to deal with 
human error constitutes a generic framework that is likely to encompass most safety 
management techniques, the three design mechanisms above mentioned were adopted as a 
reference to analyze the impact of the SPC model on human error control. 

RESEARCH METHOD 

The Safety Planning and Control (SPC) model was proposed by Saurin et al. (2004), based 
on two action-research empirical studies carried out in a construction company from the 
South of Brazil. Recently, the model has been implemented in two other projects of the same 
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contractor. This company was chosen for two main reasons: it had a fairly well structured 
production planning and control system, and it was particularly interested in successfully 
implementing the SPC model. Figure 1 presents a brief description of the four projects in 
which the model was implemented. Site D was deliberately chosen in order to test the model 
in a fairly different context. 

es Yes 

August 2001- May 2003- April2003-
November 2001 October 2003 October 2003 

Notes: in Site D a joint venture was established between two main contractors. One of them 
was the same involved in sites A, B and C. 

Figure 1: Description of the projects in which the SPC model was implemented. 

In the study of Saurin et al. (2004) two main criteria for evaluating the model were 
established: model effectiveness and ease of use. These criteria were broken up into sub
criteria (for instance, contribution to compliance with regulations and client requirements) 
and, for each of them, the main sources of evidence were identified in order to perform a 
comprehensive evaluation of the model. However, the contribution of the model to reduce 
human error was a criterion that has not yet been explored. 

OVERVIEW OF THE SAFETY PLANNING AND CONTROL MODEL 

Figure 2 presents an overview of the SPC model. Integrated safety and production planning 
and control take place in three hierarchical levels. Long-term planning is developed before 
starting construction, being updated and detailed at both medium-term and short-term levels. 
For each construction phase (e.g. bricklaying) a plan is produced using the Preliminary 
Hazard Analysis (PHA) technique. 
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Participatory cycle 

Proactive perfonnance 
indicators: PSW, 

compliance to NR-18, 

Planning and control diffusion 14---' 

Figure 2: Overview of the SPC model. 

Reactive 
performance 
indicators: 

accidents, work 
stoppages due to 

lack of safety 

At the medium-term planning level, a look-ahead plan is weekly produced. One of its main 
roles is constraint analysis, i.e. identifying and removing constraints (e.g. space) that might 
prevent work packages from being undertaken within the established schedule (Ballard, 
2000). Safety constraints were systematically included in the look-ahead constraint analysis. 
Similarly to what happens at the medium-term planning level, safety measures are also 
discussed in short-term planning meetings. Then, a final review of both work methods and 
constraints is made and work packages are assigned to production crews. 

In the SPC model, safety control involves a set of proactive and reactive metrics that 
provide feedback to safety planning. The results should be discussed in a monthly meeting 
involving representatives of the top management, production managers and safety specialists. 
However, emphasis is given to proactive measures, such as the PSW indicator (Percentage of 
Safe Work Packages), which is the main metric used to evaluate safety effectiveness. 

PSW indicates the percentage of work packages that are safely carried out. A work 
package is considered to be safe when (a) no failure in the conception of safety plans has 
been detected; (b) there has been no failure in their implementation; and (c) no accidents or 
near misses have been observed. The PSW assessment consists of checking the written safety 
plans against the actual work being performed - risks that are retained by the contractor are 
not taken into account in this assessment. The formulae for calculating PSW is presented 
below: 

PSW = 2: number of work packages safely carried out ( 4.1) 
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I total number of work packages 

Figure 3 schematically presents the form used for data collection in the empirical studies. 
Similarly to the Last Planner System, an analysis of the causes of safety planning failures 
must be conducted. If possible, data must be collected on a daily rather than on a weekly 
basis, because some safety problems can be only identified through careful and frequent 
observations of site activities. The observer must walk around the construction site and 
identify where each work package is being carried out, and watch how each activity is being 
performed, checking whether the safety measures listed in the respective PHA are being 
implemented. 

Site: Steel mill I Observer: Diego Date: 10/05/01 
Observation period: lOh to 12h 

SAFE? 
Gang PHAn° Yes No Problem 

WORK PACKAGES 
SH Change roof from column 5 to 7 PHA5 X B. ham. badly tied 

Activities not clearly associated to work packages 
BSF Common circulation areas PHA8 X 

Figure 3: Example of the data collection form used for monitoring PSW. 

Workers' opinions are taken into account through a hazard identification and control 
participatory cycle, that is divided into four stages: (a) interviews with small groups of 
workers, in which they are asked to point out problems concerning their work environment; 
(b) development of an action plan to respond to workers' complaints; (c) a feedback meeting, 
in which managers and workers discuss the action plan; (d) a new round of interviews, in 
which new demands are pointed out and an evaluation of workers' degree of satisfaction is 
performed after the improvements have taken place. 

Safety planning diffusion is achieved mostly by training workers based on safety plans 
before they start carrying out their tasks. In addition to the monthly evaluation meetings, 
safety performance measures are also disseminated in weekly planning meetings. Moreover, 
this information is posted on bulletin boards all over the site. 

HUMAN ERROR'S PERSPECTIVE 

MAIN TYPES OF HUMAN ERRORS DETECTED IN THE EMPIRICAL STUDIES 

Table 1 presents the distribution of causes of safety failures in the construction sites, based 
on the data collected for both near misses and the PSW indicator. It is worth noting that some 
of the violations presented in Table 1 (notes) are immediate causes (for instance, lack ofPPE 
use) rather than root causes. In fact, this happened because sometimes there was no 
information available to identify clearly the underlying cause of the violations. Moreover, as 
it usually occurs in the search for causal explanations (Rasmussen et al., 1994) there is some 
degree of subjectivity in the failure analysis conducted in this study. Because of this 
drawback, some of the failures that were classified as violations can actually have been either 
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non-intentional errors or planning and control failures. For instance, a worker could have 
operated a machine imprudently because he/she had not fully understood the procedures 
taught in the training sessions rather than because he consciously made the decision of not 
following the safe method. Even though this is a source of unreliability in the data collected, 
it must be emphasized that a cause was classified as a violation as the last alternative- i.e. all 
apparent possibilities that the failures had been generated by non-intentional errors and 
planning and control failures were considered before. Also, the causes of failures were 
assigned by a consensus between a member of the research team and the safety specialist. 
Based on the feedback given to workers during PSW collection (see next item), the failure 
analysis also took workers' perceptions into account. This happened to some extent since it 
was impractical to discuss with workers the underlying reasons of safety failures for all work 
packages observed. 

Table 1: Causes of safety failures in the empirical studies. 

Planning and control: training was not provided, interference among crews, risks and preventive measures badly 
specified, failures in methods planning, risk not identified, failures in safeguards planning; 
Non-intentional errors (workers): poor communication among crew members; 
Non-intentional errors (managers): ineffective training; 
Violations (workers): imprudent operation of equipment, lack ofPPE use and, other unsafe acts; 
Violations (managers): lack of safeguards implementation or maintenance. 

Improper planning and control decisions were regarded as a distinct category of causes, in 
order to emphasize the failures in the planning and control process itself. However, these 
failures ultimately might be considered as a form of non-intentional errors in which managers 
are the key players. 

As shown in Table 1, planning and control failures were major causal factors for safety 
failures in the four sites (on average, 51,3% of the total safety failures). These figures are 
consistent with those found by Suraji et al. (2001), who concluded that planning and control 
failures related both to safety and production itself were major contributing factors to 
accidents in construction sites in the UK. Due to its major role as causal factors, and also 
because they are easier to be controlled by site management compared to behavioral failures, 
it seems reasonable to emphasize the reduction of planning and control failures in the early 
stages of safety management improvement initiatives. 

Four out of the six human error categories identified can be primarily classified as 
violations (imprudent operation of equipment, lack of PPE use, lack of safeguards installation 
or maintenance and other unsafe acts), while the remaining two are typically non-intentional 
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errors (ineffective training and poor communication between crew members). Violations 
accounted for the vast majority of human errors (92% in site A, 96% in site B, 76% in site C 
and 98% in site D). The most frequent types of violations in each study were the lack of 
safeguards installation or maintenance (35% of total human error failures in study A and 38% 
in study C) and the lack of PPE use ( 43% of total human error failures in study B and 55% in 
study D). Despite of the previously mentioned sources of unreliability in the failure analysis, 
the lower incidence of non-intentional errors can be expected due to the fact that construction 
work is usually more physically demanding rather than mentally demanding. However, both 
workers' and managers' physical and mental workload was not assessed in the sites studied. 

It should be noticed that workers were not the key players in two categories of failures. 
The lack of safeguards implementation or maintenance was mostly caused by the site 
management- that includes production managers, foremen and safety specialists. These were 
not effective in making sure that safeguards were properly installed and maintained, 
following what had been agreed in planning meetings. The main causes of that violation were 
time pressures and unclear assignment of responsibilities for safeguards installation and 
maintenance. Ineffective training was a non-intentional error whose root cause is the lack of 
a well-structured training program at corporate level. 

The percentage of human errors made by workers in relation to the total of safety failures 
was fairly similar in sites A (16,5%), B (27,8%) and C (14,8%), and higher in siteD (54,7%). 
To some extent, the lower percentages in sites A, B and C might be explained both by the 
stricter safety rules imposed by the client in those sites and by the fact that a smaller 
percentage of the workforce was subcontracted - less than 40%. By contrast, in the hospital 
building project (site D) there was virtually no demand from the client regarding safety 
performance and the vast majority of the workforce was subcontracted- more than 95%. The 
site observations indicated that most subcontractors working in that site had poor safety 
culture', and that the main contractors were ineffective in terms of enforcing a subcontractor 
safety management program. In fact, the contractor has not yet realized that it can have a 
greater influence on its subcontractors' safety, by playing a role similar to that performed by 
its industrial clients. 

The above data should be regarded as an important form of feedback for the improvement 
of preventive methods. Improvement initiatives should start by identifying the behavior 
shaping mechanisms that lead to violations (for instance, propensity to take risks, poor 
understanding of the accident causation mechanisms, individual differences in risk 
perception, complacency towards hazards due to poor safety culture) before choosing any 
specific best practice. 

CONTRIBUTION OF THE SPC MODEL FOR THE REDUCTION OF HUMAN ERRORS 

In this item, the SPC model is analyzed from the perspective of the design mechanisms to 
reduce human error previously discussed in this paper, based on the proposals of Rasmussen 
et al. (1994). Concerning the visibility of boundaries, it is important to note that Rasmussen 

1 [Safety culture is a subfacet of organizational culture, which affects workers' attitudes and behaviour in 
relation to an organization' on-going safety performance (Mohamed, 2003)]. 
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et al. (1994) establish two major boundaries to failures: (a) the boundary of safe behavior as 
defined by safety campaigns, which when crossed leads workers from the safe zone to the 
hazardous work zone and; (b) the boundary of functionally acceptable behavior, beyond 
which the control of production processes is lost, work is unsuccessful or accidents happen. It 
is not an intrinsic property of the SPC model to make visible any of those boundaries. Rather, 
this is mostly in the scope of the operations design. When a hazardous zone is designed 
beyond the safe zone (this is always desirable because it allows recovery of control) there is 
room to make both boundaries visible. By contrast, when there is no recovery zone, the only 
boundary that might be made visible is the boundary of functionally acceptable behavior. 
Due to this fact, the analysis presented in this paper is not concerned with rigidly identifying 
what of the boundaries defined by Rasmussen is made visible by the SPC model. 

Also, for practical purposes in this study, for any of the boundary types defined by 
Rasmussen, there are two basic boundary forms: (a) a physical boundary, such as safety 
signals; (b) an abstract boundary, such as work methods defmed as safe either by regulations 
or planners. 

Figure 4 presents the elements of the model that have a significant role to implement 
those mechanisms. It was assumed that when the boundaries become visible, safety 
awareness increases for both workers and mangers and, as a result, they tend to be more 
prone to respect them. The elements not included in Figure 4 were considered not to have a 
major role in the reduction of human error, such as the monthly evaluation meetings and the 
reactive performance indicators. 

Notes: 
* It includes both the planning meetings and their output (i.e. the safety plans). 
**It includes the bulletin boards in which safety warnings were posted. 

Figure 4: Elements of the SPC model that contribute to reduce human errors through three design mechanisms 
proposed by Rasmussen et al. (1994). 

As shown in Figure 4, safety planning is the only element that contributes to all three 
mechanisms. Concerning the visibility of boundaries, the safety plans, which are formalized 
through the preliminary hazard analysis, establish objective criteria to define whether it is 
safe to work or not. Thus, deviations from the safety plans, which are detected mostly 
through performance measures, should be considered as warnings that boundaries of safe 
work have been crossed. Moreover, safeguards planning, such as guardrails and fences, make 
visible physical barriers beyond which work is unsafe. Of course, safeguards and personal 
protective equipment also make the work system error-tolerant to some extent. However, as a 
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means to make the work system even more error-tolerant, human factors should be taken into 
account to a greater extent in safety planning. For instance, physically demanding activities 
should not be scheduled at the end of afternoon, since fatigue is likely to increase the risk of 
accidents. 

The formal documentation and dissemination of near misses contributes to make workers 
aware that they are working unsafely- i.e. it helps them to identify the boundaries. Although 
a near miss means that the boundary of safe work has been crossed, there is still a chance to 
regain control and work safely by identifying the near miss and eliminating its cause. As 
proposed by Reason (1997), near misses were classified according to the feedback they 
provided: (a) positive feedback: when the accident did not happen because the defenses were 
effective (e.g. someone's face was struck against an steel rebar, but there was no injury 
because they were using safety glasse~); (b) negative feedback: the defenses were not 
effective and the accident did not happen just by chance (e.g. an object fell down from a high 
floor very close to a person working at the ground level because there were no safety nets or 
platforms installed). A near miss type "a" could be used to reinforce safe behavior and safe 
work practices. 

Training sessions in general help workers both to identify and respect the boundaries. In 
the empirical studies, immediately prior to the beginning of a new activity workers were 
usually trained by a safety specialist. This kind of training was assumed to be the last 
opportunity to remind workers on the hazards involved in their tasks. However, some 
shortcomings were detected. For instance, no evaluation on the effectiveness of training was 
carried out and the individual differences on risk perception were ignored. 

As an improvement undertaken in site D, workers received some training sessions 
focused on near misses. The ultimate aim was to make workers more sensitive to hazard 
identification. The definition of a near miss was presented and illustrated using actual 
examples, and its role as proactive data was explained. In addition, procedures to report them 
were established - workers were asked to report near misses from the previous day during 
regular training meetings that were held every morning. Near miss reporting has increased 
dramatically after that these training sessions have begun. While no more than thirty near 
misses were reported in sites A, B and C, more than one hundred and ten were reported in 
site D - of course, this increase in the number of near misses might be explained by the 
higher accident rate on this site. 

Regarding other performance measures, the PSW indicator provides a major opportunity 
to check the status of the boundaries (e.g. crossed, not crossed or not defined) and to 
reinforce the respect for them. Different from traditional behavior observation programs 
reported in the literature, such as the one proposed by DuPont (2000), the unit of analysis in 
PSW collection is the work package, rather than the worker. Behavior observation programs 
focus on observing people working and their main objective is to identify both unsafe and 
safe acts. By contrast, the use of the PSW measure requires a wider scope of analysis, since 
the objective is to make an overall safety assessment of the work packages being undertaken. 
This assessment includes both operations performed by workers and the processes (e.g. 
moving materials) involved. 

In order to have an even greater impact on human error control, the PSW indicator 
included feedback to the workforce, based on lessons learned from the behavior observation 
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programs. Similarly to what is proposed by the DuPont program, there was an interaction 
between the observer and the worker being observed. They usually had a conversation either 
to discuss why the task has been performed unsafely or to reinforce positive work practices 
(DuPont, 2000). 

The participatory cycle is also a means of implementing the design mechanisms proposed 
by Rasmussen et al. (1994), namely visibility of the boundaries and their respect. When 
workers present their complaints in both the interviews and in the feedback meetings, 
everyone is informed about safety problems that otherwise would not be known. Also, the 
interviews appeared to have a therapeutic effect since workers have an opportunity to express 
their feelings on their jobs without the fear of being disciplined. This was assured both by the 
top management support for the interviews and by the fact that the interviewer was not a 
member of the site management staff. 

Concerning planning and control diffusion, process transparency is a principle that helped 
the SPC model to be more effective in terms of making the boundaries of safe work visible. It 
can be defined as the ability of a production process (or its parts) to communicate with 
people (Formoso et al., 2002). 

In this study, bulletin boards were the main type of visual device adopted. Their main 
objective was to help workers to keep in mind safe work procedures. They were used to post 
safety planning information that should be used by workers to undertake their tasks. For 
instance, near the circular saw there was a message warning workers to remove all nails and 
residuals of cement from pieces of wood before they were cut. According to Galsworth 
(1997), this type of device can be classified as a visual indicator, which is the most passive 
form of visual device. The information is simply displayed, and compliance or adherence to 
its context is voluntary (Galsworth, 1997). In other words, the worker might identify the 
boundary of safe work but not respect it. Therefore, the SPC model should also incorporate 
visual devices that exert a greater degree of control, such as visual guarantees, also known as 
poka-yoke devices (e.g. electronic circuits that prevent movement of lifts when the door is 
open). Even though visual guarantees make the boundaries visible, these boundaries might 
not be always respected, since fraud or vandalism can still happen. Moreover, the reliability 
of the safety equipment is key to define the level of safety (e.g. the electronic circuits of the 
lifts can fail). These possibilities can be seen as residual risks that are retained by the 
contractor. 

Considering the SPC model as a whole, its continuous implementation is likely to 
reinforce safety culture and, as a result, encouraging the respect for boundaries of safe work. 
In fact, the systematic integration of safety issues into routine production management 
activities tends to counter the organizational pressures (e.g. time and cost) on managers, 
which otherwise would lead them to adaptive behavior and improper decision-making, 
carrying out non-intentional errors and violations. 

CONCLUSIONS 

This paper discussed the impact of a safety planning and control (SPC) model on human 
error control. This model encompasses some safety management best practices reported in 
the literature. Based on data from four empirical studies in which the model was devised and 
tested, the conclusion was made that six of its elements (safety planning, near miss reporting, 
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training sessions, PSW indicator, participatory cycle and planning and control diffusion) 
have a relevant contribution to make both the boundaries to failures visible and respected. 
Safety planning was also considered useful to make the work system error-tolerant, by 
planning safeguards and personal protective equipment. 

In particular, PSW indicator and near miss reporting were very useful tools both to 
identify the most frequent types of human errors and to assess the effectiveness of the model. 
In the four sites investigated, non-intentional errors of both workers and managers had a 
minor role in the total of safety failures (on average, 1,7% of the total failures). Regarding 
workers, this might be due to the fact that construction work is usually more physically 
demanding rather than mentally demanding. However, this is likely not to be true in high-risk 
work packages. In fact, further investigation is needed in different construction scenarios to 
assess both physical and mental workload and their impact on human errors. This will be a 
valuable input for the consideration of human factors in safety and production planning. 

Moreover, PSW and near miss reporting pointed out a high incidence of boundary 
violations (on average, 40% of the total failures in the four sites investigated), mostly by 
workers. A reason for this drawback is the fact that, by emphasizing safety planning and 
control, the model focused on managers' respect for the boundaries of safe work rather than 
workers'. Thus, the little effectiveness to deal with violations is likely to be the main 
drawback of the model regarding human error control. Besides, considering that the respect 
for the boundaries depends to a great extent on their visibility, so far the model does not have 
proper means to make the boundaries highly visible. 

Even though improvement in the existing mechanisms might contribute to make the 
model more behavior-oriented, a broader set of measures is necessary to achieve excellence 
in dealing with human errors and, in particular, violations. Such measures are beyond the 
scope of the SPC model and they might include, for instance, safety education for both 
workers and managers and large-scale implementation of process transparency principles. 

Additional research is necessary to clarify the nature and frequency of the different types 
of human errors that have high impact in construction safety. Such data can be used to assess 
whether current safety management best practices are adequate to human error control. This 
investigation might also help to devise more effective tools to reduce errors in construction. 
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