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Abstract

The goal of this project was to evaluate approaches of determining the numerical value of a safety
inspection score that would activate a reward in an employee safety incentive program. Safety
inspections are a reflection of the physical working conditions at a construction site and provide a
safety score that can be used in incentive programs to reward workers. Yet it is unclear what level
of safety should be used when implementing this kind of program.

This study explored five ways of grouping safety inspection data collected during 19 months at
Harvard University-owned construction projects. Each approach grouped the data by one of the
following: owner, general contractor, project, trade, or subcontractor. The median value for each
grouping provided the threshold score. These five approaches were then applied to data from a
completed project in order to calculate the frequency and distribution of rewards in a monthly
safety incentive program. The application of each approach was evaluated qualitatively for
consistency, competitiveness, attainability, and fairness.

The owner-specific approach resulted in a threshold score of 96.3% and met all of the qualitative
evaluation goals. It had the most competitive reward distribution (only 1/3 of the project duration)
yet it was also attainable. By treating all workers equally and maintaining the same value
throughout the project duration, this approach was fair and consistent. The owner-based approach
for threshold determination can be used by owners or general contractors when creating leading
indicator incentives programs and by researchers in future studies on incentive program
effectiveness.
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1. Introduction

Worksite approaches to address the high morbidity and mortality rates in the construction
sector (CPWR, 2008) include a variety of programs and policies ranging from requiring
specific worker safety training to sophisticated pre-task safety planning. One approach,
employee safety incentive programs, addresses worksite safety by improving feedback to the
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employees about the worksite’s safety performance and thus provides workers with
additional maotivation to create a safer work environment (Cooper and Phillips, 1994; Gilkey
et al., 2003). With the goal of changing safety culture, the mechanics of employee safety
incentive programs use a given safety performance threshold to reward workers when a
certain performance criterion is achieved (Figure 1). If the workers exceed this
predetermined threshold level of safety at the end of a reward period (i.e. one month, one
quarter), they receive a reward(Fell-Carson, 2004).

The typical safety performance metric and threshold for employee safety incentive programs
is the number of lost time or recordable injuries; however, the lagging nature of this safety
performance metric raises doubts about its effectiveness in truly reducing injuries and
moreover changing the work environment (Mohamed, 2003). Lagging indicator incentive
programs may give only the illusion of lowering injury rates since the reward is based on an
absence of reported injuries, which may incentivize under-reporting of injuries(Brown and
Barab, 2007; Duff et al., 1994; Michaels, 2010). More specifically, workers may feel
pressured not to report an incident to their supervisor, as it could cause the period without a
recordable injury to be reset, and thus prevent the rest of the employees from receiving the
reward (Fell-Carson, 2004).

Novel proposed employee incentive programs use safety performance metrics that precede
an incident, mainly the reduction of physical hazards on a worksite; however, identifying a
threshold for a leading indicator reward system based on a systematic method to quantify the
control of hazards on a worksite has not been described before (Haslam et al., 2005; Nelson,
2008). Methods to quantify the control of hazards on a worksite involve some form of a
safety audit, walkthrough, or safety inspection completed by a project or safety manager
(Dennerlein et al., 2009; Dyck and Roithmayr, 2004; Mikkelsen et al., 2010). These
construction safety audit programs have been packaged into commercially available
programs (e.g., Predictive Solutions). Data from these inspections, which include both safe
and unsafe work practices, can generate a weighted safety score that reflects the number of
safe observations out of the total observations (Cooper and Phillips, 1994).

Current published studies focus only on one subgroup of workers or one type of work
practice (Cooper and Phillips, 1994; Duff et al., 1994; Lingard and Rowlinson, 1997;
Wiscombe, 2002). None have addressed the complexity associated with construction
worksites. A typical construction project is comprised of an owner, a general contractor, and
numerous subcontractors (of various trades), all of whom have different experiences and
attitudes towards safety (Gittleman et al., 2010). Hence, there is no standard published
protocol for selecting an appropriate threshold value for an employee safety incentive
program based on quantifiable safety inspections/walkthroughs.

As demonstrated in research in other industries and other incentive-based behavioral change
programs, a reward threshold score should feel attainable by all workers on-site, yet it also
should be competitive enough that it encourages improvement in safe work practices (Fell-
Carson, 2004). While a reward threshold of 100% might be ideal, it is unrealistic to
implement such a standard. If workers never meet the threshold and never receive a reward,
they may grow weary of the incentive program and stop trying to improve their safety
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behavior. At the same time, if the threshold is too low, and workers receive the reward each
month, they may not see the point in trying to improve their safety behavior (Lingard and
Rowlinson, 1997).

The goal of this descriptive study was to evaluate various approaches to selecting a threshold
value from inspection data for design of a leading indicator employee safety incentive
program. All approaches use pre-existing safety inspection data (leading indicators),
collected prior to the start of this study, from multiple projects from a 19-month period on a
large university campus. The use of safety inspection data replicates a process that could be
easily completed in a real-world health and safety program for construction.

Potential approaches to threshold calculation vary by different groupings of inspection data
within large scale commercial construction work, either from a general contractor or owner
perspective. Evaluation of the threshold consisted of calculating the frequency and
distribution of a monthly reward program at a completed construction project. The
evaluation criteria are qualitative in nature and require that the resulting score and its reward
frequency and distribution are consistent, competitive, attainable, and fair.

2. Methods

2.1 Inspection Data

This study utilized data from inspections (walk-through safety audits) conducted by the
Harvard Construction Safety Group (HCSG) at 65 Harvard projects between January 2009
and July 2010 (Table 1). Although safety performance scores were available from September
2007 on, this study only used data from January 2009 onward for threshold development, as
by that time inspectors had become more familiar with the inspection process. This allowed
for a more standardized, and thus more accurate, inspection process and data collection. This
study was exempt from the Harvard School of Public Health Institutional Review Board as
the data contained no human subjects identifying information.

Inspections were conducted approximately once per week at each of the 65 construction
projects, covered the same safety parameters (mainly physical working conditions), and
were completed by the same four expert inspectors (HarvardConstructionSafetyGroup,
2010). The inspectors then entered their detailed safety inspections into Predictive Solutions
(Industrial Scientific, Oakdale, PA, http://www.predictivesolutions.com/solutions/
SafetyNet/), an online data management program formally known as Design Build, Own,
and Operate (DBO?). Once in the system, the data were exported to statistical programs for
further analysis. All inspections occurred prior to the start of this study, thus inspectors did
not know that the data would be used to generate a safety incentives reward threshold.

The observations that were entered into the Predictive Solutions database by the inspectors
included most of the variables used in this study: the name of the subcontractor responsible
for the work practice observed; the project where the observation occurred; the general
contractor of the project; the number and type of safe observations on a certain date; and the
number and type of unsafe observations on a certain date. Two other variables, owner and
trade, were also used in this study but not explicitly specified in the each observation. The
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owner of all projects the database was Harvard University, thus this was not denoted in
observations. The first author assigned each subcontractor a construction trade based on
discussions with HCSG inspectors and review of company webpage’s. The system was not
designed for observations at the worker level, thus information on individual workers at the
sites was not collected and is not discussed here.

2.2 Threshold calculation approaches

This study explored five approaches to calculate a reward threshold for a leading indicator
employee incentive program. Each approach grouped the individual safety inspections
together in different ways based on different organizational structures of the construction
worksite: by owner, general contractor, project, trade, or subcontractor (Table 2). Our
rationale for selecting these five approaches was that safety perceptions vary among
different groups on a worksite (Gittleman et al., 2010), which could be reflected in the
breakdown of safety scores. We selected the five approaches based on the availability of
information in the inspection scores. As all data was collected before the study began, we
were limited by the level of detail included by the inspectors and organization of the
database.

The owner-based grouping approach provided a single threshold value for all projects at
Harvard University. To calculate the threshold under the owner-based grouping, the safety
scores for each project were compiled as the ratio of the weighted number of all safe
observations in a given month divided by weighted number of all the safe and unsafe
observations in that month. All unsafe observations were weighted by severity and all safe
observations were weighted by category, thus attempting to account for the inherent risk
differences experienced by all trades on a worksite.

The scores in the owner-based approach were not separated by subcontractor or trade, as the
goal of this approach was to look at all projects under the same owner at the project level.
The selected threshold was the median value of monthly scores from all 65 projects over the
19-month period, which consisted of 149 monthly scores (not all 65 projects ran for the full
19-months) (Figure 2). The median was selected as the threshold due to the highly skewed
distribution of the safety performance scores.

The General Contractor grouping approach provided a single threshold value for each
general contractor that had completed work at Harvard during the 19-month period. The
safety scores for each general contractor were compiled as the ratio of the weighted number
of all safe observations in a given month divided by weighted number of all safe and unsafe
observations in that month. For each contractor, the selected threshold was the median value
of the monthly scores for the given general contractor observed during the 19-month period.
There were 28 different thresholds, one for each of the general contractors.

The project-based approach provided multiple threshold values for a single project, where
each month the new threshold at a given project was that project’s safety performance score
from the previous month. In other words, an incentive program that uses this approach gives
the simple message to do better than last month. As the first month of a project has no data
from the previous month to generate a threshold, the overall safety score from all projects
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was selected as the threshold. For example, the overall May 2010 score from all projects at
the University would be used to determine whether or not the project would receive the
reward for a project started in June 2010.

The subcontractor and trade-based approaches provided a single threshold value for each
subcontractor and trade, respectively. The safety scores for each subcontractor and trade
were compiled as the ratio of the weighted number of all safe observations in a given month
divided by the weighted number of all safe and all unsafe observations in that month. For
each subcontractor or trade, the selected threshold value was the median value of the
compiled monthly score for the given subcontractor or trade, respectively. As a result, each
subcontractor or trade had a unique threshold and would be evaluated separately and
compared to its own threshold during reward distribution.

2.3 Evaluation through calculation of reward frequency and distribution at a completed

project

3. Results

Threshold values were calculated for each of the five approaches using 19-months worth of
inspection data from the University and then applied to data from 48 inspections (4,254
observations) of a 17-month long completed project on the Harvard University campus to
calculate the reward frequency and distribution under each approach. The project involved
construction of a new 43,500-square foot building intended for office and laboratory use.
The project was completed between January 2009 and July 2010; hence, its inspection data
were included in the calculation of the thresholds.

For each threshold approach, the number of months (frequency of reward) and the number of
subcontractors (distribution of reward) that would have received the reward were calculated.
In the discussion, these quantitative data will be evaluated qualitatively in terms of providing
workers with a fair, consistent, attainable, and competitive incentive reward program. A fair
reward program is defined as one that treats all workers on-site equally; that is, all workers
are held to the same reward threshold and the program offers everyone the same opportunity
for reward. A consistent program is defined as one that has the same eligibility and threshold
requirements throughout the course of a project, either for a subcontractor or for the whole
project. The definitions of attainable and competitive programs refer to the level of the
threshold. The threshold value should be low enough that workers feel they can achieve the
level of safety each month, but high enough that it still feels like a challenge.

There were 280 safety inspections recorded between January 2009 and July 2010 at 65
different projects across Harvard University. These inspections resulted in 22,586
observations, of which 1,061 were unsafe and 21,525 were safe.

The compiled monthly safety scores at all Harvard projects ranged from 58.9% to 100%,
with a mean of 92.7% and a median of 96.3% (Figure 2). Hence, the owner-based approach
provided a threshold of 96.3%. When this threshold was applied to the calculated reward
distribution and frequency at the 17-month completed project, all workers on that project
would receive the reward 6 out of 17 months, or 35% of the project duration (Figure 3).
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The general contractor approach utilized data from two University-owned projects between
January 2009 and July 2010 to select the threshold for the general contractor on the 17-
month completed project. There were 37 inspections for these two projects. The monthly
median and mean scores of these inspections were 93.0% and 92.1%, respectively. Using the
median as the threshold in the reward distribution and frequency calculation, all workers on
that project would receive the reward for 9 out of 17 months (52.9% of the project duration).
Median scores for all other general contractors at Harvard from January 2009 to July 2010
ranged from 58.8% to 100% (Table 3).

The project-based approach to select a threshold for reward resulted in a value that changed
from month to month. At the 17-month project use in the reward distribution and frequency
calculation, the scores ranged from 78.8% to 99.6%, with a mean and median of 92.5% and
92.8%, respectively (See the red-circles in Figure 3). All workers on that project would
receive the reward 8 out of 17 months, or 47% of the project duration (Figure 3).

The subcontractor and trade -based approaches resulted in different thresholds for each
subcontractor and trade, respectively. The threshold scores for the individual subcontractors
ranged from 55.6% to 100%. Under the calculated reward distribution, workers in each
subcontractor would receive the reward from 0% to 100% of the time depending upon the
subcontractor, with an across subcontractor average of 64% (Table 5). Hence workers of
some subcontractors would never receive a reward where workers of others would always
receive the reward. The subcontractor-based approach was dependent on the company’s
previous experience working for the owner. As a result, thresholds for some subcontractors
were based on only a few inspections. Thresholds for the various trades ranged from 86.5%
to 95.0%, with a mean of 92.1% and a median of 92.8%. Under the reward distribution
calculation, workers for the trades received the reward 67% of the time they were on-site and
were thus eligible for the reward (Table 4).

The five approaches were each evaluated qualitatively for fairness, consistency, attainability,
and competitiveness (Table 6). The owner-based approach met all of the attribute definitions,
whereas each of the other four approaches lacked at least one of the attributes.

4. Discussion

The goal of this study was to create and evaluate different approaches of selecting a reward
threshold from pre-existing inspection data for use in a future study on the effectiveness of
leading indicator employee safety incentive programs. Of the five approaches evaluated, the
owner-based approach was the most competitive yet it was also attainable and fair and
maintained high standards of safety while accounting for inherent risk differences between
trades (Table 6).

In the owner-based approach, a reward was achieved only about 1/3 of the time, making it
the most competitive threshold. The threshold of 96.3% promoted the highest standard of
safety across the whole worksite when compared to the other approaches. The program was
consistent across the duration of the program and the single threshold for all workers on-site
would make it easy for everyone to understand. This high threshold and low distribution rate
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(1/3 of the time) represent an achievable level of safety performance without compromising
the integrity of the reward (Fell-Carson, 2004). In addition, the threshold was fair, as it was
the same for all workers on-site and did not leave anyone out of the reward distribution. All
unsafe observations were weighted by severity and all safe observations by category, thus
accounting for the inherent risk differences experienced by all groups on the worksite and
allowing for direct comparison across groups (HarvardConstructionSafetyGroup, 2010)..

General contractors can also adapt the owner-based approach to determine a threshold for
their own leading indicator employee safety incentives program by increasing the quantity of
inspection data used in threshold determination. Instead of restricting the safety performance
data used in threshold determination to projects under a single owner, as described above in
the general contractor approach, general contractors can use data from any of their sites from
multiple owners. The number of inspections used in the threshold determination will thus
increase and be a much more representative reflection of the general contractor’s safety
performance. The range of threshold scores experienced by the general contractors is a
reflection of the range in available inspection data for each of the general contractors.
General contractors with limited inspections tend to have much higher or much lower scores
when compared to general contractors with more inspection data (Table 3), which in turn
can lead to a score that would not be both attainable and competitive. Furthermore, general
contractors would only need about four months of inspection data in order to determine a
threshold, as demonstrated from the stabilization of the cumulative monthly safety
inspection score seen in Figure 1.

Given the high turnover rates and fluid work environment found in construction, worksite
safety programs should have requirements that are consistent throughout the course of the
program and are easy to understand by all workers. A threshold score that changes from
month to month (like in the project-based approach) may be confusing to workers who do
not fully understand the reasoning behind the changing value and thereby lead to resentment
of the incentives program. Thresholds that change between groups should also be avoided,
as they can be confusing and seem arbitrary to workers. This can in turn hinder the impact of
a team approach towards safety and adversely affect the worksite dynamic. The owner-based
approach led to a threshold value that was consistent over the course of the project duration,
as it remained the same for everyone on the worksite for the entire project duration. The
other approaches had much more variability, as they either varied across the duration of the
project or between groups within the project.

The project, subcontractor, and trade-based approaches also have many logistical challenges
related to implementation. The classification of subcontractors into trade categories can be
problematic for companies that participate in more than one trade. It also can be very time
consuming for the individual managing the safety scores to calculate multiple thresholds for
all the different subcontractors that come through a project. Furthermore, the subcontractor
approach was limited in the quantity of inspection data available for some subcontractors,
meaning that some scores were based on data that may not have accurately represented the
safety performance of the company.
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The reward distribution and frequency calculation of each approach was performed at only
one project because there was only one in the inspection database that was of average size
and duration when compared to the rest of the Harvard projects (Table 1) and had consistent
inspections throughout the entire project. Due to the lack of regularly conducted inspections
at all Harvard projects, the thresholds used in the reward distribution and frequency
calculations were based on projects with incomplete datasets. However, this irregularity was
not likely to dramatically change the results of this study, as thousands of observations were
still able to be used in the threshold determination.

The physical working conditions on a construction site can change drastically from one
moment to the next (Kramer et al., 2009), which makes the inspection process quite difficult.
The changing worksite tasks and the movement of trades on and off the site directly impact
the level of safety on a worksite. A single inspection conducted by one inspector at a given
moment in time may not accurately represent the level of safety at the worksite.

The selection of a threshold in a leading indicator incentive program must account for the
uncertainty associated with the inspection process. The inspector should be part of the
program process, and inspections should be frequent and site-wide. In the leading indicator-
based safety incentive program described in this study, one individual (trained in the
inspection process) conducted weekly inspections, during which the inspector referenced a
manual that described in detail methods for observing, recording, and weighting
observations (HarvardConstructionSafetyGroup, 2010).

The data used in this study may be biased due to many reasons, including the inspector’s
previous experience with certain subcontractors or their views on certain work practices.
However, a history in the safety field is needed to inspect a worksite as much of the hazard
identification process comes from experience. The resulting bias would most likely
overestimate the number of unsafe observations, as they are easier to identify than the safes,
and lead to a lower final safety performance score. Any biases are expected to affect the
inspection data at random. While this could lead to an overall lower threshold value, the
conclusions should not be affected. This is another reason why general contractors and
owners should use their own inspection data to generate a threshold value.

The reward distribution scheme presented here relied on multiple weekly inspections that
were summed together to generate a single monthly safety performance score. In relying on
multiple inspections to determine the reward status, the safety inspection score provided a
more accurate representation of a project’s safety conditions.

The methods described here rely on inspection data collected prior to the start of the study
when inspectors had no knowledge that their inspections would be used in development of
an incentives program. All data were collected from the same four inspectors over one year
after the development and implementation of a standard inspection process. The type of data
used prevented the testing of inter- or intra-assessor reliability among the inspectors in this
study. While the use of pre-existing inspection data collected by individuals who may hold
some biases towards subcontractors does pose a limitation, it should not impact the study
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findings, as our goal was to replicate a real-world scenario that can be used by general
contractors and owners.

In conclusion, the owner-based approach was competitive, attainable, fair, and consistent. As
this approach met all of the evaluation criteria, it should be used to determine the threshold
in a leading indicator employee safety incentive program. The goal of this study was not to
evaluate the threshold’s ability to impact safety performance; rather, it proposed an approach
to using pre-existing inspection data in order to develop a threshold that will be used in a
future study on the effect of leading indicator employee safety incentive programs. The
approaches described here for selecting such a reward threshold can help guide future
research efforts, which can in turn provide assistance to general contractors and site owners
in expanding their health and safety programs to include an incentive program.

While it is believed that leading indicator incentive programs, when part of comprehensive
health and safety programs, have the potential to improve working conditions and reduce
injury rates, this has yet to be proven. Until the effectiveness of such programs is studied in
detail, the full impact of these programs is unknown.

Acknowledgments

This work was funded from in part from a subcontract with the Center for Construction Research and Training
U600H009762 and the National Institute for Occupational Safety and Health (NIOSH) and the NIOSH/ERC at
Harvard University grant (T420H008416). The authors thank David Tibbitts, Garrett Burke and Jason Edic from
the Harvard University Construction Safety Group, Cary Usrey from Predictive Solutions, and Annie Glausser,
Alberto Caban-Martinez, and Lauren Murphy from the Harvard School of Public Health.

References

Brown GD, Barab J. “Cooking the books”--behavior-based safety at the San Francisco Bay Bridge.
New Solut. 2007; 17:311-324. [PubMed: 18184624]

Cooper MD, Phillips RA. Reducing accidents using goal setting and feedback: A field study. Journal
of Occupational & Organizational Psychology. 1994; 67:219-240.

CPWR. The Construction Chart Book. The Center for Constrctuion Research and Training; Silver
Springs, MD: 2008.

Dennerlein JT, Ronk CJ, Perry MJ. Portable ladder assessment tool development and validation-
quantifying best practices in the field. Saf Sci. 2009; 47:636-639. [PubMed: 20161250]

Duff AR, Robertson IT, Phillips RA, Cooper MD. Improving safety by the modification of behavior.
Construction Management and Economics. 1994; 12:67-78.

Dyck D, Roithmayr T. Great safety performance: an improvement process using leading indicators.
AAOHN Journal. 2004; 52:511-520. [PubMed: 15635932]

Fell-Carson D. Rewarding Safe Behavior: Strategies for Change. American Association of
Occupational Health Nurses Journal. 2004; 52:521-527.

Gilkey DP, Hautaluoma JE, Ahmed TP, Keefe TJ, Herron RE, Bigelow PL. Construction work
practices and conditions improved after 2-years’ participation in the HomeSafe pilot program.
AIHA J (Fairfax, Va). 2003; 64:346-351.

Gittleman J, Gardner P, Haile Elizabeth, Sampson JM, Cigularov K, Ermann E, Stafford P, Chen P.
[Case Study] CityCenter and Cosmopolitan Construction Projects, Las Vegas, Nevada:Lessons
learned from the use of multiple sources and mixed methods in a safety needs assessment. Journal
of Safety Research. 2010; 41:263-281. [PubMed: 20630278]

HarvardConstructionSafetyGroup. Harvard University Owner’s Manual: Predictive Solutions. 2010.

Haslam RA, Hide SA, Gibb AG, Gyi DE, Pavitt T, Atkinson S, Duff AR. Contributing factors in

construction accidents. Appl Ergon. 2005; 36:401-415. [PubMed: 15892935]

Saf Sci. Author manuscript; available in PMC 2017 June 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Sparer and Dennerlein

Page 10

Kramer D, Bigelow P, Vi P, Garritano E, Carlan N, Wells R. Spreading good ideas: A case study of the
adoption of an innovation in the construction sector. Applied Ergonomics. 2009; 40:826-832.
[PubMed: 18992873]

Lingard H, Rowlinson S. Behavior-based safety management in Hong Kong’s construction industry.
Journal of Safety Research. 1997; 28:243-256.

Michaels, D. What to Do About Safety Incentives?. American Society of Safety Engineerings (ASSE)
Webinar; 2010.

Mikkelsen KL, Spangenberg S, Kines P. Safety walk arounds predict injury risk and reduce injury rates
in the construction industry. American Journal of Industrial Medicine. 2010; 53:601-607.
[PubMed: 20191597]

Mohamed S. Scorecard Approach to Benchmarking Organizational Safety Culture in Construction.
Journal of Construction Engineering and Management. 2003; 128:80-88.

Nelson B. Inspections and Severity: Two Leading Indicators to Use Today. Occupational Health Safety.
2008; 77:87-88. 90. [PubMed: 18686444]

Wiscombe J. Rewards Get Results. Workforce. 2002; 81:42-46.

Saf Sci. Author manuscript; available in PMC 2017 June 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Sparer and Dennerlein

Page 11

Safety .
Performance : Evaluation: -
Metric Metric > Threshold? —>|Reward |
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Figure 1.
In any incentive program, workers are evaluated based on a safety performance metric. If the

metric exceeds a pre-determined threshold at the end of the evaluation period (i.e., one
month, one quarter), they receive a reward. The program restarts at the end of the evaluation
period and the workers have a new chance to receive the reward at the end of the following
evaluation period.

Saf Sci. Author manuscript; available in PMC 2017 June 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Sparer and Dennerlein

Safety Performance Score (%)

75 1

70 +

65

60

55 4

Figure2.

Jan-09

Monthly Safety Performance Scores

*

Monthly Safety Score
Median Safety Score for Month

= = Cumulative Safety Score

Feb-09

Mar-09

Jun-09
Jul-09

Apr-09

May-09
Aug-09
Sept-09

Oct-09

Date

Nov-08

Dec-09

Jan-10

Feb-10

Mar-10

Apr-10

May-10

Jun-10

*

Jul-10

Page 12

Distribution of the compiled monthly safety performance scores for each project at Harvard
University between January 2009 and July 2010. Each dot represents the monthly overall
safety score for a single project (n = 65). The red solid line represents the median safety

performance score in a given month. The green dashed line represents the cumulative
median safety score across all projects over the 19-month period.
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Safety performance of the owner-based and project threshold approaches score for the 17-
month project during the reward distribution and frequency calculation. The dots represent
the monthly scores at the completed project. The dashed line represents the owner-based
approach threshold (96.3%). In this approach, rewards would have been distributed in all
months in which the project scored above the green line. In the project-based approach,
rewards would have been distributed each month that had a score higher than the previous

month (red-circles).
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Table 1
Summary of 65 Harvard University Construction Projects Between January 2009 and

July 2010

The table includes information on the projects used in the threshold calculations. The projects ranged in size
from small renovations of two or three rooms in an existing space to large demolitions and reconstruction of
buildings. Information was not collected on the worker population at the individual sites, as the unit of analysis
in this study was the worksite. All inspections were conducted by one of four expert inspectors.

Minimum | Maximum | Average | Median
Project duration (weeks) 8 60 16.7 15.5
Individual workers 10 175 45 35
Subcontractors 1 17 8 7
I nspections per week 0 2 0.8 0.92
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Table 3
Mean and M edian values for threshold levels for each General Contractor

The data in this table show the median and mean monthly safety scores of the general contractors who worked
at Harvard-owned projects between January 2009 and July 2010. These projects only account for the
contractors who were identified as general contractors in the Predictive Solution database or through
conversations with HCSG personnel.

Table 3: Summary of General Contractor Safety Scores
General Contractor | Number of Projects | Number of Inspections | Median Safety Score | Mean Safety Score
A 2 6 97.2% 97.2%
B 6 19 97.9% 97.6%
C 1 1 93.8% 93.8%
D 2 8 99.0% 95.4%
E 2 10 82.5% 82.5%
F 1 1 90.0% 90.0%
G 2 37 93.0% 92.1%
H 1 6 97.8% 97.8%
| 1 12 92.2% 94.4%
J 20 68 98.7% 96.2%
K 2 18 99.5% 98.4%
L 3 8 98.8% 97.2%
M 2 4 95.6% 95.6%
N 1 9 95.8% 96.0%
O 5 33 98.1% 97.1%
P 1 1 58.8% 58.8%
Q 1 1 100.0% 100.0%
R 1 1 96.9% 96.9%
S 1 2 99.0% 99.0%
T 2 6 75.1% 75.1%
U 1 1 71.3% 71.3%
\Y 1 2 93.3% 93.3%
w 1 1 93.8% 93.8%
X 1 1 100.0% 100.0%
Y 1 4 97.5% 97.5%
Z 1 1 100.0% 100.0%
AA 1 1 91.7% 91.7%
BB 1 1 76.2% 76.2%
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