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Electrical contractors are critical trade partners for construction projects, increasingly so with the 

electrification of transportation infrastructure, the proliferation of smart building technology, and the 

enormity of under-construction data centers. Profitable production by electrical contractors is 

challenged by schedule compression and out-of-sequence construction with 123 electrical contractors 

reporting that more than 60% of their projects incurred significant cost impacts due to these types of 

schedule change between 2020 to 2023. In the current market, electrical contractors are pushed to 

complete projects of increasing complexity within aggressive - commonly unrealistic - timeframes. 

Despite these operational demands, electrical contractors strive to maintain relationships of value and 

trust with their general contractor and owner clients. This research investigates and summarizes 

causes, implications and other topics related to third party-caused changes onto electrical contractors 

in their planned production. This research shares insights to support electrical contractors in 

identifying and mitigating the impacts of schedule change. This research uniquely provides data 

sourced from electrical contracting subject matter experts. 
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Introduction 

“Time is of the essence” is a common provision included in construction subcontracts. This clause 

contracts parties to acknowledge and agree to work in a reasonably prudent and practical manner in 

the execution of their defined scope of work by a set time limit. Most construction professionals agree 

that if all parties work in a manner respecting each other’s production, then the likelihood of project 

success is increased for all. With lost respect for the productivity of all project participants, 

specifically for trade contractors who are self-performing scope, the productivity and profitability of 

these firms are at risk and often reduced.  

With the financial support of ELECTRI International and harnessing the experiences and insights of 

more than 150 electrical professionals, mostly employed by National Electrical Contractors of 

America (NECA) member companies, this research investigated the causes and implications of 

schedule change, specifically scheduled compression and out-of-sequence construction, forced onto 

electrical contractors. This paper presents leading indicators to assist electrical contractors in being 

proactive with general contractors. An adept and diligent electrical contractor, prepared with the 

processes and tools to manage schedule change, offers great value to the whole project, including the 
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general contractor and other specialty trade contractors.  By working together, the collective project 

team can reduce schedule changes and the financial detriments these changes cause, thereby 

benefiting all project stakeholders. 

Research Methodology 

The mixed methods research methodology has proven valid and reliable for construction management 

research involving qualitative and quantitative data sourced from industry professionals.  The method 

effectively synthesizes data from online surveys, semi-structured interviews, in-person workshops and 

Delphi processes (Abowitz and Toole 2010 and Karakham et al. 2020). Given the expectation of both 

qualitative and quantitative data provided by electrical construction professionals, this study adopted a 

mixed-methods research design including three consecutive phases with each successor phase 

building upon findings of the predecessor phase (see Figure 1). The academic participants were 

guided and supported by an advisory committee comprised of industry subject matter experts who 

volunteered through NECA for this research project.   

 
Figure 1. Overview of Research Methodology 

A literature review was conducted to level set with existing publications on the topic of schedule 

change in construction, and to specifically identify any gaps in research addressing the contemporary 

perspective of electrical contractors. Google Scholar was used to search the Internet for related 

published literature. Search words included “schedule acceleration in construction” and “out-of-

sequence construction.” Further, investigators targeted research published specifically in the United 

States construction management domain, looking specifically for a focus on electrical construction. 

The literature review provided foundational knowledge upon which authors developed questions for 

the online survey and the research workshops.    

The first step of data collection included a nationwide online survey of electrical construction 

practitioners (see Apprentices for the online survey questions). Responses were collected from 123 

electrical construction professionals, primarily sourced through NECA. Researchers credit the high 

number of electrical contractor respondents of the survey to the distribution of a free 6” ruler to 

attendees of the 2023 Annual NECA Convention and Trade Show (see Fig. 2). Academic and industry 

members of the research team distributed these rulers printed with a QR code to the survey; and 

encouraged on-the-spot completion of the brief on-line questionnaire. 

 
Figure 2. ELECTRI-branded Ruler with QR Code to Survey 

Step 2 of data collection involved a series of four regional workshops (see Table 1). These half-day 

workshops were scheduled by regional NECA offices, and local NECA member companies were 

recruited to send qualified employees to contribute their professional insights and opinions. 
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Participants of the research workshops were provided with a workbook in which they noted individual 

responses to structured research questions (see Apprentices for workshop questions).  The academic 

members of the research team facilitated the sharing of ideas in a group setting, with data summarized 

on flip chart paper and later digitized into electronic records. A total of 37 electrical contracting 

professionals participated in four workshops. 

Table 1. Summary of Research Workshops 

Workshop Location Date No. of 

Participants 

Host Method 

Phoenix, AZ, USA 8/24/23 9 AZ NECA In-person 

Hamilton, ON, CA 10/30/23 8 ECA-Hamilton In-person 

Atlanta, GA, USA 12/4/23 14 GA NECA In-person 

Remote session 2/22/24 6 OR-Columbia NECA Online 

Following the data collection steps, data analysis was conducted.  Quantitative data were scrubbed, 

analyzed and presented in graphical displays for presentation.  Qualitative data were coded and 

analyzed to rate causes and to prioritize impacts of schedule change.  The study structure allowed for 

the identification of recurring patterns, project challenges and mitigation techniques for the electrical 

contracting industry. 

Findings: Literature Review 

Common definitions for schedule compression and out-of-sequence construction are given. Schedule 

compression is the reduction in the duration of project construction activities to achieve shortening of 

the total project duration, perhaps to make up for lost time caused by predecessor activities or to 

achieve project completion within a revised reduced owner-directed completion date (Gehrig et al. 

1990).  Directed schedule compression typically results in negative implications on the project’s 

electrical contractor, e.g., overtime expense, reduced crew productivity and trade stacking/congestion 

(Thomas and Oloufa 1996 and Chang et al. 2005). 

 

Out-of-sequence construction, also termed “out of logic,” has been defined as “progress of an activity 

that starts or finishes contrary to the predefined relationship with its predecessor” (Suhail 1993).  Out-

of-sequence work can be characterized as performing project activities in a non- or sub-optimal 

manner.  Directed departure from the originally planned sequences disrupts the most logical and 

efficient construction progression, causing cost productivity and schedule impacts (Abotaleb et al. 

2019). 

 

Research has been published on the causes and effects of schedule change.  Thomas et al. reported 

that schedule acceleration may occur due to incomplete preceding work, delays in material delivery or 

client changes (1995). This research is based upon data from electrical contractors, however, is no 

longer contemporary. Abotaleb et al. (2019) published a comprehensive list of causes for out-of-

sequence construction, yet respondents included less than 15% from specialty trade contractors. 

Revisiting the causes for scheduling change from the perspective of electrical contractors and 

uniquely addressing triggers for out-of-sequence work was found as a gap in current construction 

management literature.      

Findings: Online Survey 

The questionnaire assessed respondents’ experiences with schedule change in the current market and 

their opinions on five management aspects related to schedule compression and out-of-sequence 

construction (see Figure 3). This is a topic worth researching as industry respondents reported that 
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more than 60% of their projects experienced significant cost impacts due to schedule compression or 

out of sequence work between 2020 to 2023. An overwhelming majority of respondents indicated that 

owner/client furnished electrical gear and design changes increase schedule change. A similar 

percentage of respondents indicated that negotiated electrical subcontracts and pre-construction 

involvement of electrical contractors reduce schedule change. 

 

 
Figure 3. Summary of Industry Opinions on Schedule Change via Online Survey 

Findings: Workshops 

Abbreviated findings from the workshops are categorized and summarized in the following seven 

sections. The workshops resulted in a richness of electrical contractor perspectives and insights 

regarding schedule change. Additional explanation and practical management tools/templates 

designed for use by electrical contractors have been published in a playbook format, which is 

available at ELECTRI International (Becker and Federle 2024). 

Primary Causes of Schedule Compression and Out-of-Sequence Work 

The reported causes for schedule compression and out-of-sequence construction by electrical 

contractors are displayed in Figure 4.  Delays in work by general contractors or other trades were one 

of the most mentioned reasons, which has a cumulative impact and leaves electrical contractors with 

less time to complete their jobs. When the electrical scope depends on the timely completion of 

mechanical or structural work, this has a particularly significant effect. Poor planning and impractical 

scheduling are closely related. These are frequently caused by unrealistic baseline schedules or a lack 

of buffer time, which leads to shortened timeframes when delays are unavoidable. 

Another significant cause was the late procurement of supplies, particularly in the post-COVID19 

pandemic context when long lead times and supply chain disruptions are frequent. Electrical 

contractors must expedite installation tasks to keep the project on time when materials arrive late. 

Similarly, scope modifications and unfinished design introduced during construction frequently result 

in rework or delayed starts. Despite this, electrical contractors are still expected to deliver on time. 

Unfavorable weather, lack of competent workers, and poor trade coordination were other reported 

factors for schedule change. Cash flow constraints or late submittals occasionally also contributed, 

especially when they affected early workforce or procurement decisions. These results demonstrate 
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the interdependence of project delays and the resulting schedule compression and out-of-sequence 

work that ultimately affects labor productivity, cost and quality. 

 
Figure 4. Comparison of Causes: Schedule Compression vs. Out-of-Sequence Work 

As defined, schedule compression and out-of-sequence work are two different challenges, although 

they regularly coexist on projects and have shared causes. Both situations were repeatedly driven by 

similar issues including incomplete or changing designs, late material procurement, delays from 

predecessor activities, and inadequate trade coordination. However, the causes reported by electrical 

contractors for schedule compression are statistically different from those for out-of-sequence work. 

A Chi-square goodness of fit test was performed using JMP statistical software (see Table 2).  The 

Chi-square goodness of fit test was selected for its usefulness for analyzing differences in nominal, 

categorical variables (Tran et al. 2014). 

Table 2. Data Analysis Summary from JMP Analyzing Causes of Schedule Change 
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A Chi-square test compared the causes of schedule compression and out-of-sequence work reported at 

the workshops. The test presented a chi-square statistic of 35.95 and a p-value of 0.0000858, 

indicating a significant difference between the two sets of causes. This research shows that, while 

these situations often coexist on projects, they originate from different causes. Schedule compression 

is typically associated with unrealistic deadlines, inadequate planning, or late procurement, whereas 

out-of-sequence work is frequently caused by trade delays and coordination issues. Most participants 

agreed that delays from other trades, incomplete designs, and late material deliveries were major 

contributors to schedule disruptions.  

Leading Indicators of Schedule Change 

The reported leading indicators of schedule compression and out-of-sequence work by electrical 

contractors are displayed in Figure 5.  The findings represent a combination of project-level and trade-

specific characteristics that frequently indicate future workflow interruptions. Delays from other 

trades were mentioned 13 times in the sample, making them the most often stated leading indicator. 

To reach set project milestones, respondents frequently cited instances in which they had to rearrange 

scheduled activities or shorten durations due to incomplete predecessor work or late handoffs. These 

variables directly affect labor flow and downstream coordination, and they usually show up early as a 

break in upstream trade progress. 

Another important signal that was mentioned was inadequate planning or scheduling. Unrealistic 

starting times, a lack of trade coordination in baseline schedules, and a failure to adequately account 

for field limitations were some of these. According to the respondents, these planning concerns 

frequently begin during preconstruction, but don't become apparent until the project enters the field 

execution stage. 

One of the primary causes and early indicators of schedule compression concerns mentioned was the 

late procurement of long-lead equipment or materials. Several contractors explained that supply chain 

bottlenecks, late approvals or submission delays had repercussions that forced late-stage acceleration 

or rescheduling. It has been suggested that inaccurate, changing, or conflicting documentation cause 

scope and sequence changes later, often too late for appropriate re-coordination without affecting the 

timeline. 

Under the "Other" category, a wide range of responses were offered, including leading indicators such 

as staff or manpower turnover, problems with site access, and delayed decision-making. Despite their 

differences, these issues were all seen as early indicators of out-of-sequence work or the necessity of 

reactive compression techniques. These results support the notion that visible field-level and project-

level signals frequently preceded schedule compression and out-of-sequence construction activity. 

Early detection and action on these indications may help minimize interruptions. The data indicate 

that many firms do not have reliable systems in place to monitor these indicators in a systematic 

manner, which emphasizes the necessity of improving planning tools and communication protocols 

that enable early action. 
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Figure 5. Leading Indicators of Schedule Compression and Out-of-Sequence Work 

Costs of Schedule Change 

To further understand the financial impact of schedule compression and out-of-sequence work beyond 

labor costs, participants were asked to indicate the typical out-of-pocket charges that their companies 

face in such situations. The most reported non-labor expense was for material handling and 

procurement. Respondents stressed the risk of expedited shipments, after-hours deliveries, and 

temporary storage, which frequently resulted in higher transportation prices, unplanned leasing 

charges, and additional coordination costs. These costs typically emerge when suppliers must be 

hurried to match changed timetables or rescheduled events. Experts also identified equipment rental 

extensions as a major cost factor, such as retaining lifts, scaffolding, generators, or temporary power 

sets on-site for longer than expected. 

Documentation of Base Plan for Production 

The study investigated methods used by electrical contractors to document their baseline approach for 

the work at the time of contracting, particularly in terms of timeline expectations. The results 

demonstrated significant diversity in formality and technique. Some electrical contractors create 

internal manpower loading curves or staffing plans during project planning, which are frequently 

supported by software such as Oracle Primavera P6, but these are rarely explicitly shared with general 

contractors. Others set expectations through early communication, e.g., preconstruction meetings, 

written proposals, or informal discussions, which aid in understanding but lack consistent 

documentation.  

 

Other electrical contractors rely on assumed expectations or the general contractor’s schedule without 

having their own developed schedule. This informal approach frequently causes misalignment and 

scope creep during project execution. A smaller percentage of companies use more formal 

approaches, such as contractual timetables, daily reports, or prefabrication planning built into bids. 

Overall, techniques range from proactive documentation to reactive or unstructured ways, indicating 

that irregular baseline communication is still a substantial contributor to schedule management 

difficulties in electrical contracting. 

Practices for Reviewing Contract Language Related to Schedule Delay 

The study examined how electrical contractors assess and comply with contractual notification 

requirements for schedule delays and scope changes. The findings show that most companies rely on 

informal, experienced-based assessments to determine whether notification is required. Typically, 

superintendents or project managers make these judgments without following a standardized internal 
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protocol, instead relying on their professional judgment. While this may allow for quick answers, it 

frequently leads to inconsistent paperwork and missed notice dates. Some electrical contractors, 

particularly on especially high-risk projects, use structured internal reviews that include operations 

managers or executive oversight. These assessments may take place during project meetings or 

milestone reviews to determine whether to submit a formal notification. A lesser number of electrical 

contractors use estimators or preconstruction personnel to assess financial consequences before 

issuing notice, and a few use checklists or reporting tools to identify potential delays. Overall, the 

industry shows awareness but lacks formalization in managing contractual notifications, leaving 

contractors open to conflicts and reduced recovery chances. 

Practices for Documenting Impacts of Schedule Compression and Out-of-Sequence Work 

The study explored how electrical contractors document financial and operational impacts from 

schedule compression and out-of-sequence work. Most respondents reported use of daily field reports, 

lookahead plans, and constraint boards to document real-time jobsite conditions. These tools, usually 

maintained by forepersons or frontline supervisors, successfully record major disturbances, but they 

are frequently separated from formal contract documentation and change management procedures. 

Electrical contractors typically utilize informal letters and e-mails to document changes, which 

provide verifiable communication but lack uniformity or standardization.  

More formalized documentation methods, such as change orders, RFIs, and Time Impact Analyses, 

were reported less frequently and primarily by organizations with dedicated project controls staff. 

Some electrical contractors complement written records with images or annotated as-built drawings, 

although they are inconsistently used and rarely structured for claim purposes. Overall, the findings 

show that, while field-level tracking is frequent, integration with formal cost recovery and schedule 

impact processes is limited, emphasizing the need for better documentation protocols and alignment 

of field and contract-level recordkeeping. 

10-year Trends with Respect to Compensating Electrical Contractors for Schedule Change 

Over the past decade, electrical contractors have continued to suffer the consequences of schedule 

compression and out-of-sequence work, yet appropriate compensation has not kept pace. Many 

electrical contractors noted a transition to a more claim-driven market, in which reimbursement is 

frequently based on thorough paperwork and strong contractual positioning rather than collaborative 

acceptance of project impacts. A few participants reported that in specific market sections and with 

project delivery models, owners and general contractors are more prepared to accept and compensate 

for schedule disruptions particularly when electrical contractors give clear, timely records. Still, most 

respondents described current market conditions as highly hostile, with fair reimbursement being 

disputed or delayed until clear responsibility can be demonstrated. Overall, while electrical 

contractors are more aware of their rights and more equipped to track consequences, cost recovery 

remains unequal and heavily reliant on documentation quality and negotiation skills. 

Future Research 

As construction projects continue to increase in complexity, the need for exceptional planning, 

including coordination at the specialty trade level, is paramount to achieving construction project 

success. This research has updated the understanding of causes and certain related management issues 

regarding schedule acceleration and out-of-sequence construction.  Future research builds upon this 

foundation to address how electrical contractors should respond differently to these types of schedule 
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change, e.g., documentation. This research could be expanded by investigating how general 

contractors manage schedule change involving electrical scope. 

Summary 

Given their critical contributions, ranging from temporary construction power to fire alarm testing, the 

role of the electrical contractor is instrumental to the successful completion of construction projects.  

Although most commonly a “subcontractor” contractually, electrical contractors should not be treated 

as an easily replaced commodity but rather recognized as a specialty trade partner in which 

contractual trust, effective collaboration, and respect for productivity is achieved. This research 

provides insights into the causes, implications and other topics related to schedule change, namely 

schedule compression and out-of-sequence work.  To mitigate the impacts of schedule change, 

proactive electrical contractors must develop and implement tools and processes, both pre-bid and 

during construction, to communicate their baseline schedule, track leading indicators and document 

impacts should schedule compression or out-of-sequence work be directed. Given the incredible 

demand for highly qualified electrical contractors, perhaps now more than ever, the ability for 

electrical contractors to achieve fair compensation for schedule impacts caused by others has never 

been more obtainable.   
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Appendix A 

Research questions addressed by online survey. 

1. Over the past 3 years, roughly what percentage of your projects have experienced significant 

cost impacts due to schedule compression or out-of-sequence work? 

2. Rate your agreement/disagreement with the following statements (agree-neutral-disagree 

scale).  

a. Cost impacts due to schedule compression and out-of-sequence work for electrical 

contractors are greatly increased when the owner/client furnishes key electrical 

equipment/gear. 

b. Generally, cost impacts due to schedule compression and out-of-sequence work for 

electrical contractors are reduced in negotiated subcontracts compared to hard bid 

subcontracts. 

c. Generally, cost impacts due to schedule compression and out-of-sequence work for 

electrical contractors are reduced when electrical representatives are included in pre-

construction project planning. 

d. The likelihood of schedule compression and out-of-sequence work for electrical 

contractors increases with increasing quantity of changes in scope and changes orders. 

e. My company has effective tools and processes to seek fair remedies for schedule 

compression and out-of-sequence work. 

Appendix B 

Research questions addressed at in-person workshops. 

1. What are the primary causes of schedule compression? What are the primary causes of out-

of-sequence work? 

2. How is the base approach to the work by the electrical contractor documented at the time of 

contracting? 

3. What are your company’s practices for reviewing contractual notification requirements 

related to claiming schedule delay in scope and schedule? 

4. What are your company’s practices for documenting cost and other impacts related to 

schedule compression? What are your company’s practices for documenting cost and other 

impacts related to out-of-sequence work? 

5. What are leading indicators of pending schedule compression? What are leading indicators 

of pending out-of-sequence work? 

6. Other than labor, what are typical out-of-pocket expenses associated with schedule 

compression or out-of-sequence work? 

7. How has the industry changed over the past 10 years with respect to compensating electrical 

contractors for schedule compression and out-of-sequence work? 

8. What aspects of current market conditions are making it easier or more difficult for electrical 

contractors to obtain fair compensation for schedule compression or out-of-sequence work? 
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