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ORIGINAL ARTICLE
Total Worker Health1 Intervention for Construction Workers
Alters Safety, Health, Well-Being Measures
W. Kent Anger, PhD, Jason Kyler-Yano, MA, Katie Vaughn, BA, Bradley Wipfli, PhD, Ryan Olson, PhD,

and Magali Blanco, BS
Objective: The aim of this study was to evaluate the effectiveness of a

14-week Total Worker Health1 (TWH) intervention designed for construc-

tion crews. Methods: Supervisors (n¼ 22) completed computer-based train-

ing and self-monitoring activities on team building, work-life balance, and

reinforcing targeted behaviors. Supervisors and workers (n¼ 13) also com-

pleted scripted safety and health education in small groups with practice

activities. Results: The intervention led to significant (P< 0.05) improve-

ments in family-supportive supervisory behaviors (d¼ 0.72). Additional

significant improvements included reported frequency of exercising

30 minutes/day and muscle toning exercise (d¼ 0.50 and 0.59), family

and coworker healthy diet support (d¼ 0.53 and 0.59), team cohesion

(d¼ 0.38), reduced sugary snacks and drinks (d¼ 0.46 and d¼ 0.46), sleep

duration (d¼ 0.38), and objectively-measured systolic blood pressure

(d¼ 0.27). Conclusion: ATWH intervention tailored for construction crews

can simultaneously improve safety, health, and well-being.

Keywords: construction, intervention effectiveness, occupational, total

worker health, TWH

W orldwide, over 49 million people are employed in construc-
tion,1 including 9.1 million workers in the United States.2

Construction is dangerous work. For example, the US construction
industry experiences three times more fatal injuries than all other
industries and 9% of all nonfatal illnesses and injuries requiring
days away from work (all-industry average¼ 1.7%).3 In the United
Kingdom (UK) in 2014, as another example, construction fatalities
were also more than three times the UK national average and 3%
(65,000) of construction workers reported nonfatal workplace inju-
ries. An additional 3% of UK construction workers reported work-
related illnesses (eg, musculoskeletal disorders).4

Not only is construction one of the most dangerous industries,
there is also evidence that the construction workforce is unhealthy.
Compared with US national adult male averages,3 a sample of 349
workers drawn from two city construction/utility departments had
higher systolic (126.95 and 128.85 vs 122 mm Hg in the US) and
diastolic (79.06 and 79.65 vs 71 mm Hg) blood pressure, and they
had higher rates of obesity (58% and 46% vs 32% in the US) among
other chronic conditions5; these are also substantially worse than
ght © 2018 American College of Occupational and Environmental
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worldwide adult averages.6 And safety and health are linked. For
example, workplace injuries with comorbid obesity generated 80%
greater cost and lost work time than in workers who were not obese,
in a review of workers’ compensation cases in California.7
Improving Safety, Health, and Well-Being in
Construction

Federal and state safety requirements and regular safety
inspections, designing construction projects for safety,8 develop-
ment of safety plans for construction projects, and regular toolbox
safety talks9,10 have contributed to the substantial reduction in
deaths and injuries over the years in the construction industry.11

Scientific studies of the effectiveness of specific safety training
interventions for construction workers have not met with much
success,12,13 although Yu et al14 recently demonstrated convincingly
that participatory training reduced injury rates in construction
workers. Although there are national initiatives to stimulate
increases in workplace wellness programs in construction,15 results
are typically reported as case studies and not evaluated with
systematic research methods. Few construction interventions simul-
taneously address safety, health, and well-being together. However,
there is a new broader area of intervention research called Total
Worker Health1 (TWH) that encourages such integrated
approaches. First defined in 2011 by the National Institute for
Occupational Safety and Health (NIOSH),16 TWH strategies pres-
ent the promise of producing changes in safety, health, and well-
being through single interventions. A key rationale for the effec-
tiveness of such interventions is that the integration of safety, health,
and well-being (often wellness is the primary focus) provides
changes by the organization to make the work environment more
conducive to safety, health, and well-being, rather than placing the
primary load for change on individual employee behavior. Two
reviews of the research base in this area identified only 1717 and 1518

TWH intervention studies, respectively. Two of these seminal TWH
interventions focused on construction workers.19,20

The TWH intervention by Hammer et al19 was evaluated with
supervisors (n¼ 264) and workers (n¼ 167) in city utility construc-
tion departments. Supervisors completed computer-based training
in family- and safety-supportive behaviors followed by 2 weeks of
behavior tracking (self-monitoring). The program also involved a 4-
hour facilitated ‘‘team effectiveness’’ session with both supervisors
and employees in public sector construction departments, followed
up by sessions without facilitation. At the 6-month follow-up, there
were improvements in family-supportive supervisory behaviors and
blood pressure. Team effectiveness and work-life effectiveness also
improved among supervisors/work groups that had low baseline
levels of team cohesion and leader-member exchange (viz., poor
initial relationships between supervisors and their employees). In
the other TWH intervention study with construction workers,
Okechukwu et al20 combined a smoking cessation program with
industrial hygiene walk-throughs and committee reviews of pro-
cesses using chemicals. The intervention reduced the proportion of
smokers due to some workers stopping smoking or reducing smok-
ing frequency and exposures to workplace chemicals that synergize
with the carcinogenic chemicals found in cigarette smoke. The
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results of these studies support the promise of TWH approaches for
construction workers and encourage experimentation with other
models of intervention delivery with other segments of the con-
struction industry.

Purpose
We sought to conduct a pilot study to test the hypothesis that

a TWH intervention could be implemented in the commercial
construction industry and produce targeted positive impacts on
Kirkpatrick’s four levels of training evaluation.21 A comprehensive
TWH intervention was developed to incorporate methods found
effective in individual22–24 and TWH17,19 interventions, including
behaviorally based supervisor skills training19,22,23 self-monitor-
ing,24 and scripted wellness education conducted by self-selected
members of small work groups or teams with off-site practice.17 The
supervisor training was designed to provide organizational change,
and the self-monitoring was designed to provide feedback to the
supervisors if they were following the training. The scripted training
was designed to engage all employees in improving their lifestyle
and to support each other in doing so and the off-site practice was
designed to reinforce the information learned in the scripted training
and to put it into practice. Relevant impacts are positive reaction
measures, improved scores on the post-tests following training,
changes in self-reported behaviors and climate, and objective
measures of health.

METHODS
The intervention consisted of two components: (1) Com-

puter-based training for supervisors supported by a self-monitoring
app ‘‘HabiTrak’’ (OHSU Enterprise app; Portland, Oregon) to track
and increase the frequency of interactions in which supervisors
show support for their employees and reinforce safe work practices
and healthy lifestyles; and, (2) ‘‘Get Healthier’’ scripted training
cards discussed by supervisors and employees in small groups
followed by take-home activity sheets to reinforce each topic.
The intervention followed the schedule summarized in Table 1.

Computer-Based Training
The training was presented to supervisors in cTRAIN

(NwETA; Lake Oswego, Oregon) software designed to follow
behavioral education principles (viz., self-paced, interactive by
providing quiz questions every few screens and returning the
learner to the information about any incorrectly answered ques-
tions). The training, administered in week 3 (Table 1), taught
supervisors to develop a sustainable and effective level of inter-
actions with their employees about their home activities as well as
their work, the value of work–life balance, and effective supervi-
sion skills (eg, reinforcing appropriate work or nonwork practi-
ces).22,23 Knowledge tests were given before and after the training,
and overall reaction measures were taken at the end of the
intervention program.
ght © 2018 American College of Occupational and Environmental

TABLE 1. Schedule of Intervention

Intervention Weeks

1–2

Supervisors Self- monitoring begins
Supervisor tasks Record employee conversation topics

Supervisors and Employees Get Healthier Scripted Training
(1/week for 12 weeks)

Surveys

� 2018 American College of Occupational and Environmental Medicin
Behavioral Self-Monitoring
Supervisors recorded interactions with their employees daily

using the enterprise-level (Oregon Health & Science University,
Portland, Oregon) behavioral self-monitoring app, HabiTrak,24 for
iPhones; this provided a practice component for supervisors and a
measure of interaction and reinforcement fed back to the supervisor
by the app via graphs.

Supervisors self-monitored target behaviors within the broad
categories of family-supportive supervisory behaviors (FSSBs),25

safety supportive supervisory behaviors, and healthy lifestyle
behaviors. Specific types of FSSBs included asking employees
about their weekend, hobbies, and families, and telling them about
their own family life and hobbies; users could access examples of
each in the app (‘‘talk about family’’ in Table 1). Safety behaviors
included communicating safety and health expectations, making
sure people have needed equipment and materials to complete work
in a safe and healthy manner, and working with safety or health
precautions to direct crewmembers to prioritize safety and health,
also with examples accessible in the app (‘‘Reinforce safety’’ in
Table 1). Supervisors were to select healthy lifestyle actions of
employees, such as eating an apple as a snack instead of chips
(‘‘Reinforce Healthy Lifestyles’’ in Table 1). Self-monitoring is
designed to focus the user’s attention on specific tasks or behaviors
by having the user set goals, and then count the dimension (fre-
quency, quality, duration) of those tasks/behaviors over time, and
evaluate progress toward their goals. This general process typically
leads to changes in behavior.26 Reaction measures were taken each
week on how well Supervisors ‘‘liked’’ and how they rated the
usefulness of HabiTrak (0¼Not very good or Poor, 1¼OK or
Neutral, 2¼Good, 3¼Excellent).

‘‘Get Healthier’’ Scripted Training
Scripted training on healthy lifestyles (Table 1, bottom row)

was presented on 8.5 x 11 (22 x 28 cm) cards (see Fig. 1), one card per
topic. Each card had information and questions about the information
to be asked by a peer ‘‘leader,’’ and the leader’s card had the answers to
the questions. ‘‘Member’’ cards had the questions but no answers, and
‘‘members’’ (all other people in the group) were encouraged to write
the answers on their cards and take them home to use with their family.
The 12 topics were Get Healthier (goals, pedometer included to record
steps), Sleep, Calories, Liquids and Calories, Basic Nutrition/Labels,
Snacks, Sugar, Exercise, Strength Training, Flexibility, Stress, and
Moving Forward (health goals). Each was created from evidence-
based information, and documented.

Knowledge tests were given the week before and immedi-
ately after each 30-minute ‘‘Get Healthier’’ session, and reaction
measures were collected at the end of each session. A research
assistant attended most ‘‘Get Healthier’’ sessions and rated the
question ‘‘were the members engaged?’’ (eg, participated in dis-
cussions) on a scale from 1 (not at all) to 5 (substantially).

One- to two-page activity sheets provided practice (eg,
setting goals, recording steps, meal calorie counts) for each topic
 Medicine. Unauthorized reproduction of this article is prohibited 
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FIGURE 1. Front of ‘‘Get Healthier’’ card.
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at the end of each weekly session. A research assistant rated the
degree of perceived amount of effort put into the homework
(1¼Minimal effort, 2¼Good Effort, 3¼Above and Beyond).

Survey, Biomarker, and Grip Strength Measures
Surveys were given to all participants before and after the

intervention (week 1 and 14 in Table 1); both supervisors and
workers participated in the scripted wellness training. A broad range
of measures were selected, all of which could have been affected by
the intervention that encouraged the supervisors to reinforce safer
and healthier behaviors and the lifestyle training that taught a very
broad range of wellness information. In addition, these were com-
mon measures selected by the Oregon Healthy Workforce Center
(www.OHSU.edu/ohwc) for all projects to allow cross-project
comparisons. In all, there were 245 questions presented from the
surveys listed below on an iPad (Apple Computers; Cupertino,
California) in SurveyGizmo (Boulder, Colorado) and five biomarker
measures (Basal Metabolic Index; heart rate average; systolic and
diastolic blood pressure; fat percentage) were collected that
required approximately 35 minutes to complete (Table 2).27–47

Procedures
All participants signed an IRB-approved consent form from

Oregon Health & Science University. Supervisors were given an
overview of the project expectations and taught how to use the
HabiTrak behavioral self-monitoring app (Table 1); this required
approximately 30 minutes to complete. Supervisors were given an
Apple iPod Touch with HabiTrak or optionally downloaded it onto
their Apple iPhone, to record their family-related and job inter-
actions with their employees for 2 weeks.
ght © 2018 American College of Occupational and Environmental
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Supervisors completed the supervisor team-building and
behavioral reinforcement topics (about 90 minutes), and then began
a series of 2-week periods of goal-based tracking with HabiTrak.
Weeks 1 to 2 of the intervention served as a baseline period when
supervisors tracked interactions as work-related or family-related
(Table 1, top supervisor row).

Following baseline, the training was given that requested
supervisors to increase in their interactions with their employees
and to inquire about family and job topics for weeks 1 to 2, then
to increase the frequency of interactions (weeks 3 to 4), reinforce
safety behaviors (weeks 5 to 8), and later well-being behaviors
(weeks 9 to 14) in their employees (Supervisor Tasks row of
Table 1). Every other week, supervisors created goals for how
many individual supportive interactions they would like to
reach in discussion with a research staff member. Alarms were
set on their phones or iPods as a reminder to record counts.
Participation in the supervisor training was incentivized by a vest
or jacket with the project name on it or with a gift card of about
equal value.

The Get Healthier scripted lifestyles cards (Table 1) for all
employees including supervisors consisted of 12 weekly group
meetings that lasted approximately 30 minutes; one topic was
discussed each week. Different peer leaders (some self-selected,
some selected by the group; sometimes they were supervisors,
sometimes employees) were selected to ‘‘lead’’ each session.
Participants (supervisors and employees) completed a quiz (five
to nine questions) to test their knowledge on the card topic,
respectively, the week before and immediately after each Get
Healthier group meeting; this added 10 minutes to the meeting.
The optional take-home activities were distributed at the end of each
 Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 2. Surveys and Measures

Demographics (developed for study) Safety Behaviors: Safety Compliance and Participation25

Injury26 Safety Behaviors: Safety and Motivation27

Pain28 Safety Climate29

Job Satisfaction30 Family-Supportive Supervisor Behaviors (FSSB) – Supervisor31

Occupational Stress: Work-family Conflict32 FSSB – Employee33

Occupational Stress: Family-Work Conflict32 Team Cohesion34

Wellbeing: SF-1235 Social Support for Diet36

Wellbeing: CES-D37 Social Support for Exercise Behaviors36

Wellbeing: Life Satisfaction38 Basic Reaction39

Nutrition: Fruit/Vegetables/Fat40 Basic Reaction Adapted for Wellness (developed for study)
Nutrition: Fat/Sugar Screener41 Basal Metabolic Index (BMI), Weight (Tanita Corporation; Tokyo, Japan)
Lifestyle: Alcohol, Smoking, Caffeine39 Height
Exercise42 Grip strength (Patterson Medical, Warrenville, IL) - Left and Right Hand
Sleep Deficiency Construct43–49 Blood pressure (Omron Corporation, Kyoto, Japan)
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meeting, for the participants to complete and return the following
week for a $20 gift card incentive.

At the beginning and end of the project, the surveys were
taken on Apple iPads, and biomarker measures were collected
individually in a private room; the data collection took approxi-
mately 90 minutes. Overall, the project burden on supervisors was
2 hours of training, 5 hours of tracking, and increased interactions
with employees that we expected would take about 5 minutes per
employee (x the number of employees) per day. The burden on all
employees was thus 6 hours for the Get Healthier discussions and
6 hours for data collection distributed over 14 weeks.

Statistical Analyses
Analyses were performed using SPSS Version 23 (SPSS Inc.,

Armonk, New York). Postintervention measures were compared
with preintervention measures using paired-samples t tests; P values
are one-tailed. Results were interpreted as significant when the
P value was less than 0.05. Effect size (d) was calculated as the
mean post-pre difference divided by the pooled standard deviation
(pre- and postintervention).

RESULTS

Recruitment/Partners
Four General Contractor companies provided time for super-

visors to participate. InLine Commercial Construction oversees
remodels, new construction, and special projects (eg, seismic
retrofits and fire/water restoration). Fortis Construction offers gen-
eral contracting, preconstruction, value analysis, constructability,
construction management, site selection/feasibility studies, finan-
cial modeling, and building information management. General
Sheet Metal provides mechanical, architectural, and HVAC
fabrication, installation and repair. Mortenson Portland offers devel-
opment, design-build, engineering, procurement, and general con-
tracting.

Participant Demographics
The demographics of the 22 supervisors and 13 employees

(35 total) who participated in the study are summarized in Table 3.
Their job titles included carpenter, safety engineer, field engineer,
(senior) project engineer, site administrator, project coordinator or
manager, health care market leader, and (senior) superintendent.
The supervisors were a mean of 39 (�8.0) years of age, while the
employees were a mean of 37 (�11.1) years of age. Participants
were primarily white, over three-quarters had at least some college
or technical school education, more supervisors (77%) than employ-
ees (46%) were married, and supervisors had a longer tenure in the
industry than did employees.
ght © 2018 American College of Occupational and Environmental
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Computer-Based Training
All 22 supervisors completed the computer-based training

(the number of supervisors is listed by company in Table 4, along
with the number of employee by company). Knowledge scores
improved from pre- (78%) to post-test [98%; t(20)¼ 9.45;
P< 0.001; effect size d¼ 2.92]. Reactions to the training were a
highly positive median of 2.5 on a 3.0 scale (3¼ excellent), and
most reported that they would recommend the training to coworkers
‘‘as is’’ (median¼ 3, the highest rating).

Behavioral Self-Monitoring
Behavioral self-monitoring with Habitrak showed relatively

high frequency counts of contacts with employees during baseline in
weeks 1 to 2 and slightly increased counts in weeks 3 to 4 when
supervisors were requested (by the computer-based training) to
increase the number of family and job contacts without a specific
focus (see Fig. 2). In weeks 5 through 8, the supervisor training
requested increased counts directed toward safety messages fol-
lowed in weeks 9 through 14 by a request to increase messages
related to personal health. These requests were met, as more safety
messages were reported in weeks 5 to 8, while more health messages
were reported in weeks 9 to 14 (Fig. 2). The supervisors rated
HabiTrak as ‘‘liked’’ and ‘‘useful’’ (both median ratings of 3.0 to 4.0
on 5-point scales). The frequency of counts (185.2 to 23.2) and
submissions (46.9 to 16.8) declined over time, even though the
reaction ratings of HabiTrak remained consistently high. The focus
of the contacts (safety or health/healthy lifestyles) did follow the
request of the training (Fig. 2).

The training supported by HabiTrak led to a significant
increase in family-supportive supervisor behaviors toward employ-
ees as self-reported by supervisors [t(20)¼ 2.87, P¼ 0.005;
d¼ 0.72] and a trend toward improved safety climate
[t(34)¼ 1.65, P¼ 0.054; d¼ 0.27] following the intervention that
focused on creating positive interactions with employees and
increasing safety behaviors. The safety compliance and motivation
measures did not change significantly.

Scripted Training: ‘‘Get Healthier’’ Cards
The pre-tests for the Get Healthier cards revealed between

56% and 86% correct answers (from three response options) or
relatively good knowledge of basic information about healthy life-
styles (see Table 2). Nevertheless, the participants (supervisors and
employees) did increase their knowledge significantly for all but
two of the topics. Cohen effect size (d) for those knowledge
increases ranged from 0.18 to 1.59, and for almost half of the
topics the effect size was large (0.8 or above) per Cohen guide-
lines.50
 Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 3. Demographic Information for Supervisors and Employees

Supervisors N¼ 22 Employees N¼ 13

Measure Mean (SD) or % Reporting Median Mean (SD) or % Reporting Median

Age 39.2 (8.0) 38.0 37.0 (11.1) 34.0
% female 9.1% 30.8%
Racial category�

White 90.9% 92.3%
More than one race 4.5% 7.7%
Other 4.5% 0.0%

Education levely

Some high school 4.5% 0.0%
High school graduate (or GED) 9.1% 7.7%
Some college/technical school 59.1% 53.8%
College graduate 27.3% 38.5%

Relationship statusz

Married 77.3% 46.2%
Divorced or separated 4.5% 15.4%
Living with significant other 9.1% 15.4%
Never married 9.1% 23.1%

Children living at home
No 13.6% 61.5%
Yes 86.4% 38.5%

Tenure in construction, years
0–5 9.1% 46.2%
6–10 13.6% 23.3%
11–20 59.1% 7.4%
21–30 9.1% 23.1%
31þ 9.1% 0.0%

Hours worked per day 9.3 (1.2) 9.0 9.5 (1.9) 8.0
Hours worked per week 48.6 (7.7) 50.0 48.5 (10.1) 40.0

Excluded Categories due to zero responding include:
�Race: Black/African American, American Indian/Alaskan Native, Asian and Native Hawaiian/Pacific Islander.
yEducation level: No high school, and.
zRelationship status: Widowed.
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Reactions to the ‘‘Get Healthier’’ cards were positive, with a
median of 2.0 or ‘‘good’’ for the Cards across the weeks (Table 5).
The team cohesion survey revealed a significant improvement from
the beginning of the sessions until the end [t(34)¼ 1.90, P¼ 0.033;
d¼ 0.38].

Research staff rated the participants as ‘‘substantially
engaged’’ (median and mode¼ 5 on a 5-point scale) in the discus-
sion during ‘‘Get Healthier’’ card sessions. Anecdotally, some
participants who were already involved in a health regimen, such
as a diet or exercise routine, reported that the ‘‘Get Healthier’’
cards were useful as reinforcement for those regimens. Research
staff reported that at least one to two participants per ‘‘Get Health-
ier’’ group stated that they shared what they learned with their
families (eg, ‘‘I think it changed me for the better and my
family too’’).
ght © 2018 American College of Occupational and Environmental

TABLE 4. Number of Supervisors and Employees for Each
Construction Company

Company No. of Supervisors No. of Employees Total

A 7 0 7
B 10 0 10
C 3 4 7
D 2 9 11
Total 22 13 35

704 � 201
‘‘Get Healthier’’ Card Practice Take-Home Activity
Sheets

The practice Take Home Activity (THA) sheets were com-
pleted by between 60% and 74% of participants (ie, supervisors and
employees) each week. Most completed them to a degree staff rated
their effort as ‘‘high’’ or ‘‘adequate,’’ though some invested a great
 Medicine. Unauthorized reproduction of this article is prohibited 

FIGURE 2. Habitrak counts by topic and focus of contacts.
Vertical line indicates a break between job (x) and family
(triangle) contacts to safety and health contacts to recording
safety (diamond) and health (square) contacts, which was the
requested emphasis of contacts in the computer-based train-
ing; enlarged markers during weeks 5–14 indicate the
requested focus of contacts for each 2-week period.
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TABLE 5. Weekly Health Topic Knowledge Question Scores (Pre- to Post-Test) Percent Correct

Measurement Session

Pre-Test M (SD) Post-Test M (SD) T Statistic (df) P � Cohen d Reaction (Median)y

Get healthier 69.5 (17.5) 88.6 (13.5) �6.52 (20) <0.001 1.22 2
Sleep 83.0 (16.3) 93.0 (11.7) �2.70 (19) 0.007 0.71 2
Calories 67.3 (15.8) 78.2 (16.2) �2.81 (21) 0.006 0.68 2
Liquids and calories 83.2 (14.9) 92.6 (10.1) �3.92 (26) <0.001 0.74 2
Basic nutrition 83.0 (13.3) 86.4 (11.4) �1.69 (25) 0.052 0.27 2
Snacks 81.6 (16.7) 87.9 (11.1) �1.74 (26) 0.047 0.44 2
Sugar 82.6 (15.8) 91.7 (09.3) �3.51 (28) 0.001 0.71 2
Cardiovascular 55.8 (22.1) 73.3 (16.3) �3.49 (23) 0.001 0.90 2
Strength training 72.6 (11.9) 89.9 (09.9) �7.61 (23) <0.001 1.59 2
Flexibility 72.7 (19.6) 85.5 (10.7) �2.92 (21) 0.004 0.81 2
Stress 86.3 (13.0) 88.7 (13.5) �1.13 (28) 0.134 0.18 2
Average 77.4 (06.3) 86.9 (06.2) �10.82 (34) <0.001 1.51 2

�One-tailed values were calculated by dividing two-tailed P values in half.
yHigher scores reflect more positive reactions such that 3¼Excellent, 2¼Good, 1¼OK or Neutral, 0¼Not very good or Poor.
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deal of effort, while a few completed them in a perfunctory (‘‘low’’)
manner (see Fig. 3).

Measures
Drawing on data from all participants, there was a significant

reduction in sugary drink and sugary snack consumption (both with
an effect size d¼ 0.46) reported in healthy lifestyle activities from
pre- to post-‘‘Get Healthier’’ card sessions, as seen in Table 6. Social
support for a healthy diet (encouragement) by family (d¼ 0.53) and
others (d¼ 0.57) increased significantly as did sabotage by the
family (d¼ 0.28) (Table 6); presumably, different people provided
the support and the sabotage. Exercising 30 minutes/day (d¼ 0.50)
and strengthening or toning muscles (d¼ 0.59) increased signifi-
cantly; all but one of the other measures of exercise improved
though not significantly. Coworkers offered support to ‘‘make the
environment healthier’’ (median rating of 4.0 on a 5-point scale
reflecting ‘‘agree’’), but a more modest response was seen for ‘‘team
members supported your healthy lifestyle’’ (median rating of 2.0
reflecting ‘‘somewhat’’) in measures collected only postinterven-
tion. Sleep increased significantly from 7.0 to 7.6 hours per day
(d¼ 0.38), but snoring frequency also increased significantly
(d¼ 0.54). The other six measures of sleep did not change signifi-
cantly (Table 6). Systolic blood pressure decreased significantly
(d¼ 0.27); there were no other significant changes in biomarkers
(Table 7). Positive changes were seen in vitality (d¼ 0.42), but
ght © 2018 American College of Occupational and Environmental

FIGURE 3. Quality of ‘‘Get Healthier’’ Take-Home Activity
sheet completions, per week.
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social functioning decreased (d¼ 0.31), and there was a positive
trend (P¼ 0.051) in better general health (d¼ 0.21) on the SF-12
(Table 8). On the contrary, there were two other significant changes
in a negative direction (noncigarette tobacco use and minor inju-
ries).

DISCUSSION

Overall Impacts
Results provide further encouraging evidence that a TWH

approach with construction workers can simultaneously improve
safety, health, and well-being measures in a single integrated
intervention. The hypothesis under test was that the intervention
would produce positive changes in Kirkpatrick’s four levels of
training evaluation21: (1) Reaction was positive to the supervisor
training and the ‘‘get healthier’’ group education sessions; (2) post-
test scores improved significantly in the supervisor training and all
‘‘get healthier’’ topics; (3) self-reported behaviors changed by the
end of the project (eg, safety climate and team cohesion, and a trend
toward more family-supportive supervisory behaviors, suggestive of
improved supervisor behaviors; reduced sugary snacks and drinks,
increased days per week with 30 minutes of exercise and strength-
ening and toning of muscles, and longer sleep reaching closer to
recommended levels reflect changes related to four or five of the get
healthier topics); and (4) diastolic blood pressure was lower. On the
basis of changes in the direction recommended by the intervention,
the hypothesis is confirmed. Of course, many measures did not
change significantly in a positive direction, but very few changed in
a negative direction.

Wilson et al,51 in a meta-analysis of 150 publications,
concluded that a moderate number of recommended or targeted
changes (two to three) in healthy behaviors produce better outcomes
than a larger number (four or more) or only one recommendation.
The present intervention encouraged a much larger number of health
and safety recommendations through education, reinforcement of
good practices, and team-based activities, with good effect and thus
does not support the conclusion by Wilson et al.51 This is an
important issue for population health and TWH in the workplace,
each of which would benefit from broad changes in healthy life-
styles, as TWH is virtually defined by employing multiple change
recommendations.16 Of course, this group-based model of safety
and healthy lifestyle education also fosters motivation from peers
and colleagues and does so over a period of weeks in a way that may
sustain the motivation and support.
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TABLE 6. Sleep Behaviors; Daily Servings of Fruits, Vegetables, Snacks, Drinks; Monthly-Weekly Meals; Weekly Exercise, Social
Support for Diet and Exercise (Pre- to 12 Week Post-Test)

Measurement Session

Pre-Test M (SD) 12Wk-Test M (SD) T Statistic (df) P � Cohen d

Sleep behaviors
Sleep duration 7.0 (0.8) 7.6 (2.0) �1.88 (34) 0.035 0.38
Feel rested 2.7 (0.9) 2.8 (0.9) �0.17 (34) 0.433 0.04
Cannot sleep 2.1 (1.0) 2.1 (1.1) �0.35 (34) 0.365 0.05
Wake up mid-night 3.0 (1.2) 3.0 (1.2) 0.21 (34) 0.419 0.02
Do you snore? 0.7 (0.6) 0.7 (0.7) �0.30 (34) 0.384 0.04
Snoring loudness 1.7 (0.8) 1.5 (1.1) 1.10 (24) 0.142 0.22
Snoring frequencyy 2.8 (1.3) 2.0 (1.7) 1.92 (24) 0.034 0.54
Tired during wake time 2.9 (1.3) 2.6 (1.3) 1.06 (34) 0.149 0.21

Dietary behaviors
Fruits and veggies 5.2 (4.2) 5.6 (4.7) �0.42 (34) 0.337 0.07
Sugary snacks 3.7 (1.5) 3.0 (1.5) 2.45 (34) 0.010 0.46
Sugary drinks 4.1 (2.1) 3.2 (1.8) 2.17 (34) 0.019 0.46
Fast food meals 2.2 (1.0) 2.0 (0.7) 1.29 (34) 0.103 0.20
Meals from home 4.8 (2.2) 4.6 (2.0) 0.47 (34) 0.322 0.08

Exercise
Exercise activities per weekz 2.2 (1.4) 2.7 (1.2) �1.43 (34) 0.081 0.32
How phys. active at work?§ 1.4 (0.6) 1.3 (0.7) 0.70 (34) 0.244 �0.09
30 min/day (1–7 Agreement)jj 3.2 (1.8) 4.1 (1.7) �2.77 (34) 0.005 0.50
Average exercise beliefs{ 6.2 (0.9) 6.3 (0.9) �0.18 (34) 0.429 0.03

Soc. support for diet
Fam. diet encouragement 7.0 (5.4) 10.1 (6.4) �3.49 (34) <0.001 0.53
Other diet encouragement 4.9 (5.0) 8.0 (5.8) �4.21 (34) <0.001 0.57
Family diet sabotage 9.8 (6.4) 11.7 (7.4) �1.83 (34) 0.039 0.28
Other diet sabotage 8.6 (4.8) 9.7 (6.6) �1.11 (34) 0.137 0.19

Soc. support for exercise
Family exercise encouragement 13.9 (10.4) 14.7 (10.2) �0.43 (34) 0.335 0.07
Other exercise encouragement 9.5 (8.9) 9.3 (9.1) 1.33 (34) 0.448 0.03
Family exercise sabotage 0.2 (0.7) 0.4 (0.9) �0.88 (34) 0.192 0.21
Other exercise sabotage 0.1 (0.5) 0.1 (0.7) 0.00 (34) 0.500 0.00

Exer., Exercise and Phys., Physical(ly).
�One-tailed values were calculated by dividing two-tailed P values in half.
yHigher scores on the snoring frequency variable reflect less frequent snoring. Thus, the significant effect presented here reflects an increase in the mean frequency of snoring

from pre- to post-test.
zAverage days of Hard, Moderate, Sweat Inducing, and Strengthening/Toning Exercise per week.
§Scale of 0¼Not Active, 1¼Somewhat Active, and 2¼Active.
jj‘‘I exercise for 30 min almost every day’’ is on a scale from 1¼Strongly Disagree to 7¼Strongly Agree.
{Exercise attitude items are on a scale from 1¼Strongly Disagree to 7¼Strongly Agree.

TABLE 7. Objective Biomarker and Grip Strength Measures (Pre- to 12-Week Post-Test)

Measurement Session

Pre-Test M (SD) 12Wk-Test M (SD) T Statistic (df) P � Cohen d

Body mass index 29.3 (4.3) 29.2 (4.7) 0.86 (33) 0.198 0.03
Fat percentage 27.8 (9.2) 28.2 (9.8) �1.01 (33) 0.160 0.06
Heart rate Average 70.6 (12.7) 71.1 (13.8) �0.33 (33) 0.371 0.04
Systolic blood pressure 128.4 (14.0) 124.9 (12.5) 2.04 (33) 0.025 0.27
Diastolic blood pressure 82.2 (10.5) 83.0 (10.8) �0.56 (33) 0.289 0.08
Blood pressure medicationy 0.0 (0.2) 0.1 (0.3) �1.44 (33) 0.081 0.28
Left hand grip Strength (mean) 50.4 (13.9) 50.1 (14.7) �0.69 (33) 0.249 0.04
Rt. hand grip Strength (mean) 52.6 (13.8) 52.9 (15.0) �0.26 (33) 0.397 0.02

N¼ 34; 1 participant left out of analyses due to nonwork-related injury/hospitalization.
�One-tailed values were calculated by dividing two-tailed P values in half.
yBlood pressure medication was a dichotomous variable with 0¼ ‘‘no’’ and 1¼ ‘‘yes.’’
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TABLE 8. SF12 - Health and Wellness (Pre- to 12Week Post-Tests)

Measurement Session

Pre-Test M (SD) 12Wk-Test M (SD) T Statistic (df) P � Cohen d

Physical functioning 54.8 (4.6) 54.5 (6.6) 0.37 (34) 0.356 0.04
Role physical 54.9 (4.2) 53.9 (5.1) 1.14 (34) 0.132 0.23
Bodily pain 54.2 (5.4) 55.1 (4.3) �1.14 (34) 0.132 0.18
General health 44.1 (9.2) 46.0 (8.8) �1.69 (34) 0.051 0.21
Vitality 49.8 (9.1) 53.2 (7.5) �2.42 (34) 0.011 0.42
Social functioningy 54.8 (3.9) 53.4 (5.4) 1.71 (34) 0.048 0.31
Role emotional 53.2 (4.8) 53.2 (5.5) 0.00 (34) 0.500 0.00
Mental health 51.0 (7.6) 49.9 (9.4) 0.66 (34) 0.258 0.12
Overall physical health 52.7 (5.7) 53.4 (7.0) �0.81 (34) 0.213 0.10
Overall mental health 51.1 (6.6) 51.1 (7.4) 0.11 (34) 0.496 0.00

�One-tailed values were calculated by dividing two-tailed P values in half.
ySignificant effect was in the opposite and negative direction.
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TWH intervention programs can address multiple needs
such as those of the construction industry by providing a more
holistic focus, and their reach often ensures a lengthy intervention.
The length of time to build a self-sustaining lifestyle change is
certainly an important issue for TWH and population health. This
intervention required a time commitment of the supervisors of
about 7 hours, and 5 minutes per employee (x the number of
employees) per day for 12 weeks (5 hours per employee over
the 12 weeks of the ‘‘Get Healthier’’ portion of the intervention).
The burden on all employees was 6 hours (for supervisors this was
added to their 7-hour burden noted above). Not included in the
intervention was 6 hours for data collection over the 14 weeks.
Company recruitment proved challenging, as only a few were
willing to participate in the intervention and that may have been
due to the time commitment. However, a lower dose might have
been less effective and a greater dose (more time devoted to
intervention training/education or self-monitoring) might have
been more effective. The benefit can be great if the intervention
prevents injuries, improves health, and reduces unhealthy lifestyle
behaviors, the ambitious goal of TWH, and conversely the more
restricted or targeted the goal, the less the potential benefit. These
are key gaps in the thin TWH literature, and the durability of
changes in safety, health, and well-being is also an open question in
most of the TWH studies.17,18 This study adds one additional TWH
intervention to that literature.

Discussion of Specific Intervention Components

Computer-Based Training
Following the computer-based supervisor training, knowl-

edge increased significantly from 78% to 98% (effect size
d¼ 2.92), and the supervisors rated the computer-based training
positively. This effect size is larger than all but one of the ‘‘most
engaging safety training interventions’’ in the systematic review
of training studies by Burke et al.52 The training had some
intended impacts, as it led to a significant increase in supervisor
self-reported family-supportive behaviors toward employees
(d¼ 0.72) and a trend in one measure of safety climate
(d¼ 0.27). Employee self-reported family-supportive behaviors
from supervisors did not change significantly (P¼ 0.08,
d¼ 0.385). Using a similar supervisor training regimen and team
effectiveness training (not used here), Hammer et al53 reported
significantly increased safety compliance and an improvement in
systolic blood pressure after a similar supervisor training program
that supported work-life balance.
ght © 2018 American College of Occupational and Environmental
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Behavioral Self-Monitoring
Self-monitoring with the iPhone enterprise app HabiTrak was

completed for the duration of the intervention, although the average
number of counts and submissions for health and safety behavior
declined as the weeks progressed. At least part of this can be
attributed to declining use of the app and not necessarily a decrease
in actual contacts with employees. Relative to other workplace
applications of self-monitoring, supervisors in our program self-
monitored for a relatively long period of time. Supervisors may have
lost interest in the application or become fatigued in its use. Future
research is needed to guide decisions about the ‘‘dose’’ of self-
monitoring in workplace interventions. Evidence is currently insuf-
ficient to recommend the ideal frequency and duration of self-
monitoring for maximum acceptability and effectiveness.26 Partic-
ipants rated HabiTrak between 3.0 and 4.0 out of 5 for ‘‘liked’’ and
‘‘usefulness.’’ Qualitatively, most participants agreed that HabiTrak
helped to promote more awareness of their own behavior, a goal of
the intervention. There was a consensus verbalized by participants
that accumulating ‘‘health’’ counts was more challenging than
‘‘safety’’ counts. Research in occupational settings has shown that
self-monitoring can be a reliable and valid method for changing
behaviors.54,55 Its use in occupational health and safety interven-
tions has increased targeted behaviors in various occupations,26

including home care workers in a TWH intervention.56 It should be
noted that the Habitrak behavior counts were self-reported and
could have been biased. However, self-monitoring does not neces-
sarily need to be accurate to produce behavior change.57

Scripted Training in Small Groups: Get Healthier
Cards and Activities

The scripted lifestyle education proved successful, both in
terms of popularity (ie, generating positive ratings of 2.0 on a 3-
point scale, as well as laudatory qualitative comments by partic-
ipants) and as an educational resource in that knowledge increased
with small to large effect sizes (d¼ 0.18 to 1.59) per Cohen.50 There
were several significant self-reported impacts on behavior recom-
mended by the Get Healthier scripted training, reductions in con-
suming sugary snacks (d¼ 0.46) and drinks (d¼ 0.46), increases in
exercising 30 minutes per day (d¼ 0.50), strengthening and toning
of muscles (d¼ 0.59), and sleep duration by 0.6 hours (36 minutes)
of sleep/day, a substantial amount of sleep time. These are all
positive changes recommended by the Get Healthier scripted train-
ing. There was also an improvement (reduction) in systolic blood
pressure (d¼ 0.27). That some behaviors did change based on
 Medicine. Unauthorized reproduction of this article is prohibited 
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validated self-report surveys suggests that this intervention may be
enough to make a difference in one health biometric.

This small group scripted training format has been effective
in improving overall wellbeing and diet (viz., dietary knowledge,
fruit and vegetable consumption, and other healthy dietary behav-
iors) in firefighters44 and it improved life satisfaction, negative
affect (reduction), knowledge of safety and health topics, consump-
tion of fruit and vegetables, as well as reduced high-density
lipoprotein cholesterol in home care workers who used scripted
training as well as self-monitoring and goal setting.41

Limitations
As a pilot study, a primary limitation is the single group pre-

post (quasi-experimental) research design with a small sample size.
As small sample sizes increase the probability of type II errors
(incorrect retention of null hypothesis), the intervention outcomes
should be viewed as estimates of effect sizes for future replications
or for planning sample sizes in future efficacy trials. Because the
sample consisted largely of supervisors, the results may not be
generalizable to commercial construction crews that lack a strong
supervisory presence. In addition, most of our outcomes were self-
reported and are subject to potential bias. Lastly, the collection of
the measures immediately following the intervention does not
provide an evaluation of the impact of the intervention beyond
its immediate effects at 14 weeks.

CONCLUSION
Safety, health, and well-being are inextricably linked,7 lead-

ing to the value proposition for companies and their employees of
adopting TWH programs, should they prove effective. This TWH
intervention improved supervisors’ knowledge about team building,
work–life balance, and behavioral supervision skills, and that
knowledge likely served as the foundation for observed changes
in behavior. Behavioral self-monitoring supported transfer of
knowledge into practice at the worksite, and also captured reports
of the changes in frequency of contacts with employees. The
scripted healthy lifestyle (Get Healthier cards) education improved
knowledge, was highly rated, and provided additional social com-
mitment and motivation for making changes. Overall, as a TWH
intervention, the package of supervisor training, self-monitoring,
and scripted healthy lifestyle education (led by the participants) and
practice led to several significant positive changes, suggesting it is a
feasible and promising approach.
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