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Abstract: This paper aims to combat the haphazard manual process involved in building-erection planning 

and the associated lag in productivity growth by pointing industry stakeholders to the tools suited for their 

needs. It identifies 28 computer-assisted building construction scheduling tools that require no special skills 

and automate at least one step of the scheduling. Resulting from a systematic literature review of industry-

related papers published between January 2008 and 2018, this work will guide construction practitioners 

through an array of tools classified according to their interface, inputs, and outputs, and will serve as the 

basis for further development in construction automation.  
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1. INTRODUCTION 

Barbosa et al. (2017) stated that the labour-productivity growth 

of the construction sector averaged 1% a year across the world 

over the last 20 years. This is substantially less than the 2.8% 

growth of the overall global economy and the 3.6% growth of 

the manufacturing sector. Although some construction firms 

have managed to keep pace with their country’s overall 

economy, they represent less than 25% of the sector. This 

underperformance is partly the result of poor project 

management and a lack of investment in skills learning, R&D, 

and innovation (Barbosa et al., 2017). To alleviate this 

shortcoming, many reports over the last twenty years have 

suggested the need for an increased use of information 

technologies (Bayne and Taylor, 2006; Chan and Chan, 2002; 

Gibb, 2001) in the sector. Seeking to understand why this 

recommendation has not been implemented yet, authors found 

that although numerous attempts at modernisation have been 

made, most of them failed (Kenley, 2017). In light of this 

observation, Radujković and Sjekavica (2017) recommended 

that project managers should master a wide range of project 

management methodologies, methods, tools and techniques. 

Having multiple tools and strategies at their disposal will 

enable them to select the ones that best fit their case and help 

them plan, monitor and control.  

Numerous studies were done on the subject of automation in 

the construction industry, and Faghihi et al. (2015) wrote an 

exhaustive review on the subject encompassing papers 

published between 1985 and 2014. This review was not 

systematic; rather, it examined the algorithms used and their 

quality, with consideration for three main performance 

indicators: cost, time, and quality. 

This paper is designed to cover more ground. A systematic 

literature review was conducted to create an exhaustive list of 

the array of computerized scheduling assistants found in the 

literature over the last ten years. From the review, 28 tools 

were selected and classified according to their functionalities 

and integration method. By focusing on the practical features 

(interface, input, and output) of the tools, the research paper is 

meant to guide construction industry practitioners through the 

current offer of computer-assisted scheduling tools for 

building construction so as to foster their adoption. The 

following paper is divided into three parts: a description and 

report of the research method, the subsequent analyses of the 

results and a conclusion.  

2. RESEARCH METHOD – SYSTEMATIC LITERATURE 

REVIEW 

The method selected to guide the industry through the offer of 

computer-assisted scheduling tools is the systematic literature 

review. This approach “uses explicit, systematic methods to 

minimize bias in the identification, selection, synthesis, and 

summary of studies. When done well, this provides reliable 

findings from which conclusions can be drawn and decisions 

made” (Moher et al., 2015).  

Following the guidelines from Moher et al. (2015), three main 

phases were completed: planning the review, conducting the 

review and reporting the review (Tranfield et al., 2003).  

2.1 Planning the Review 

The first phase is the planning of the review. Its first step is to 

define questions related to the research objectives. The 
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answers to those questions are expected to help the 

construction industry practitioners update their scheduling 

tools and practices. The main questions investigated by the 

research team were: 

A) What computerized tools and methods for scheduling the 

erection of a building can be found in recent literature? 

B) What are the functionalities of these tools? 

C) What performance indicators are considered? 

The second step is to define clear eligibility criteria, followed 

by a justification for each. For this study, it was decided that 

the tools selected would be related strictly to work planning 

and scheduling. This excluded delivery methods, procurement 

strategy, materials, design, etc.: In an effort to reach as many 

users as possible, the tools should also be viable in any 

environment. At least one task in the creation of an operational 

plan had to be automated: Add-ons offer support for various 

tasks or performance analyses (safety, CO2, waste, etc.). 

However, if they are too descriptive or predictive, it cannot be 

said that they help in scheduling (Delen et al., 2014). On the 

other hand, add-ons that provide prescriptive analytics will 

give users straightforward answers according to the stated 

objective and conditions, and reduce their workload. The 

automated management of information is also eligible. The 

tools and methods had to be computerized and in a functional 

state. They had to require no programming or operational 

research knowledge or skills: The reason for this  was to 

reinforce the practical intent of the study and ensure its 

favourable reception by the industry (Rolfsen and 

Merschbrock, 2016). This could hardly be achieved by 

recommending products that are not functional, ideas that have 

not been implemented yet, or manual solutions. The period 

considered was from January 2008 to January 2018: The 

study’s objective being centred on the current offer in the 

literature, a scope of ten years seemed appropriate to qualify a 

tool or a method as potentially new and adapted to current 

realities. The papers had to concern building erection rather 

than single-family homes, as building multi-storey or non-

residential buildings typically involves more stakeholders and 

activities and necessitates greater planning and coordination. 

With these criteria established, the scope of the study is well 

determined, and the results can be interpreted appropriately.  

The next step is to structure the methodology used while 

conducting the review. It involves: 

1) Identify the keywords used in the review; 

2) Select databases compatible with the field and the 

methodology; 

3) Adapt the search equations to the databases; 

4) Extract and compile all the articles obtained; 

5) Check for duplicates and apply the eligibility criteria; 

6) Screen the remaining abstracts according to the 

study’s criteria; 

7) Read the remaining articles to ensure their relevance; 

8) Classify the tools presented in the remaining articles. 

This structure will be detailed in the next subsection. 

2.2 Conducting the Review 

The second phase is conducting the review. It entails the eight 

steps mentioned above, from defining the keywords to 

analysing and classifying the results. 

The selected keywords are a decomposition of the main 

research questions, with the addition of synonyms taken from 

Termium Plus. The following equation was used during 

research: (((Plan* OR Optimisation OR Optimization OR 

Schedul*) NEAR/5 ("BIM" OR "Computer program*" OR 

"Computer application*" OR software* OR model*)) AND 

((Construction*) NEAR/5 (site* OR plan* OR layout* OR 

logistic* OR industr*)) AND (Building* OR Multi*stor*)). In 

Engineering Village, the “NEAR” operators had to be replaced 

by “AND” because of the limitations of the search engine. 

The resources selected for the search were Web of Science, 

Engineering Village (Compendex and Inspec), Proquest, 

Google Scholar, Microsoft Academic, JSTOR, and IEEE 

Explore. Only the first three databases were used in the study; 

the following two were discarded because of their 

incompatibility with a systematic literature review, and the last 

two did not provide any new results. The search was performed 

in November 2017 and updated in February 2018. 

In the fourth step of conducting the review, 5,016 articles were 

extracted and compiled using reference management software. 

The fifth step was the removal of the duplicates, which left 

3,459 papers. This was followed by the application of the 

eligibility criteria through the titles and the keywords, leaving 

556 studies. The sixth step brought the number down to 446, 

by screening the remaining abstracts according to the 

eligibility criteria. These 446 articles were then read 

thoroughly, and 35 papers were selected for the final 

classification and analysis. From those papers, 28 tools were 

considered for the final analysis. Fig. 1 shows the approach 

used during the selection of the studies. 
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Fig. 2. Number of tools developed according to the countries in 

which the research were conducted, and the publishing journal. 

2.3 Reporting the Review 

The last phase of the review is to report the results in 

connection with the research questions. The first and main 

question of the study aimed to find out what computerized 

tools and methods for scheduling the erection of a building are 

mentioned in recent literature. In the 35 papers eligible for the 

study, 28 different tools were presented. As shown in Fig. 2, 

13 tools come from North America, and 9 from Asia. Most of 

the papers were published in the journal Automation in 

Construction. The full list of tools and their latest appearance 

in the literature are listed in Table 1. This is interesting for the 

study, since the context in which the papers were written is 

similar to the context in which the conclusions of the project 

could be implemented.  

The study’s second question involved finding the 

functionalities of these tools. To do this, each time a paper 

showcased one of its tool’s functionalities, a keyword was 

added to a list. Fig. 3 shows the frequency of each functionality 

in the 28 tools presented. All these keywords or functionalities 

were then grouped together according to three main groups: 

technologies and virtual infrastructure, analytical features and 

project peculiarities. Technologies and virtual infrastructure 

encompasses every advanced device (drones, laser scanners, 

etc.), specialized technology (image processing, model 

querying, etc.) or virtual infrastructure (Cloud-based setups, 

geo-information systems, etc.) that may interest industry 

stakeholders or indicate a need to invest in hardware.  

 

Fig. 3. Frequency of the functionalities in the tools presented. 

Table 1. List of the computer-assisted tools classified in this study, 

with their latest appearance in the literature. 

CasCADe (Ivson et al., 2018) 
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al., 2017) 

Cost schedule integration system  (Fan et al., 2015) 

Spatial information reasoner (Kim and Cho, 2015) 

BIM-based construction scheduling (Liu et al., 2015) 

Fuzzy project scheduling with minimal 

precedence relations 

(Ponz-Tienda et al., 

2015) 

Multi-objective genetic optimization for 

scheduling 
(Agrama, 2014) 

Scheduling with genetic algorithm  (Faghihi et al., 2014) 

Automated multi-objective construction 

logistics optimization system 

(AMCLOS) 

(Said and El-Rayes, 

2014) 

Automated scheduling using context-

aware construction requirements 

(Shan and Goodrum, 

2014) 

Simulation-based scheduling for 

modular building 

(Taghaddos et al., 

2014) 

BIM and simulation integrator for 

schedule support 
(Wang et al., 2014) 

Resource-constrained scheduling 
(Benjaoran and 

Intarasap, 2013) 

N-Dimensional project Scheduling and 

Management system 
(Chen et al., 2013) 

FReMAS (Chua et al., 2013) 

Space planning with simulation and 

Pareto 

(Dang and Bargstadt, 

2013) 

Automated data extraction and 

scheduling using BIM 
(Kim et al., 2013) 

Safety compliance checker (Melzner et al., 2013) 

Scheduling with discrete event 

simulation 
(Konig et al., 2012) 

Post sim visualization to schedule 

modular building construction 

(Moghadam et al., 

2012) 

BIM-based structural framework 

optimization and simulation 
(Song et al., 2012) 

Space planning with GIS and topology (Bansal, 2011) 

Temporary facility planning of a 

construction project using BIM 
(Kim and Ahn, 2011) 

Multi-dimensional project scheduling 

system 

(Feng and Chen, 

2010) 

Visual scheduling application 
(Karshenas and 

Sharma, 2010) 

High-rise building strategies using linear 

scheduling and 4D CAD 
(Russell et al., 2009) 

Construction Project Management 

Information System (MD-CPMIS) 

(Feng and Chen, 

2008) 

Weather-aware BIM and simulation 

scheduler 

(Hegazy and 

Kamarah, 2008) 

Analytical features are often the main points of interest of a 

tool and indicate what can be done with it. Project peculiarities 

are any additional perks of the tool that may be of interest for 

a planner in a particular situation. For example, the project 

manager of four buildings involving two towers and 25 stories 

each may want to look into “repetitive tasks.” 

The last question was what performance indicators are 

considered in the tools. Since this study focuses on scheduling, 

time and cost appear as the most frequent objectives of the 

tools, with the addition of a few unconventional (though 

interesting) indicators. Fig. 4 shows the frequency of the 

various performance indicators considered by the tools.  
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Fig. 4. Frequency of performance indicators in the tools. 

3. SUSBSEQUENT ANALYSIS AND SYNTHESIS 

Because this work was carried out to help the construction 

industry adopt technological tools in its planning, a subsequent 

analysis was required to try and understand the way 

construction companies could select one planning tool over 

another. It also meant that the selection guide would have to 

take into account the wildly variable size, capabilities and 

interests of these companies. This is also where this study 

pushes farther than past reviews. 

To help structure the data, the tools were separated into four 

categories: integrator, add-on, software solution, and Excel 

spreadsheet. Integrators link together specific software or 

types of files and help manage information or automate certain 

tasks. Add-ons are bound to a software solution and are the 

perfect choice for a company that already has a suite of 

programs but is looking for additional features. For those only 

starting in computer-assisted scheduling, a software solution 

or Excel spreadsheet is a better fit. A software solution can 

collect, collate and display information all in the same place 

but requires some time to master. Excel spreadsheets simply 

apply an algorithm programmed by the creator. The user needs 

to input the necessary data, and the sheet outputs a schedule. 

Fig. 5 displays the number of tools from each category. 

This separation of the tools into four categories helped address 

the fact that potential users will have various starting points 

when seeking to upgrade their scheduling methods.  

All that was left was to ensure that, through the use of the 

selection guide, industry stakeholders would be able to 

transform their needs and interests into a scheduling tool 

proposition. Fig. 6 shows a preliminary framework to achieve 

this goal. While the “needs” help indicate that a particular 

feature must be an output of the tools, the filters are a softer 

constraint and simply specify whether certain functionalities 

are considered by the tool (input or output).  

 

Fig. 5. Number of tools in each category. 

 

Fig. 6. Framework of the decision support system. 

Using the selection guide, users should be presented with a list 

of tools that fit their needs, preferences and present situation. 

Before creating this decision support system, a classification 

of the tools was achieved following the canvas shown in Fig. 

7. The functionalities included in the latter figure are referred 

to as “filters” in Fig. 6. These elements are essential as they 

cover the key milestones in the planning of a building’s 

construction: 3D modelling of the building, the division of the 

work into tasks, the prioritization of these tasks, and the 

amount of material and man-hours needed to devise a 

schedule. The 3D model is almost always an input when 

considered by the tool, and is sometimes used to extract 

information and automatically deduce from the geometries the 

tasks to conduct and their hierarchy. The tools considered for 

the present paper come in various forms and most of them 

automate at least the scheduling. Those that do not, will 

aggregate and show the information in a way that facilitates 

planning. As an example, the tool from Melzner et al. (2013) 

checked whether the security measures of the project followed 

German and/or OSHA standards, and automatically included 

in the tasks the addition of security barriers (if required). 

Another important aspect of the tools is their compatibility 

with commercial design and project management software. In 

almost half of the cases, the Industry Foundation Class (IFC) 

standard is requested for 3D models. This means that any 

design software should be compatible with the tools. The 

second most popular standard is Revit Architecture, followed 

by Autocad Architecture. Tekla Structures and ArcGIS are 

only used once. On the project management side, Microsoft 

Project has almost full exclusivity amongst integrators. 

 

Fig. 7. Information compiled in the classification of the tools. 
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4. CONCLUSION 

With the construction industry lagging behind other sectors in 

terms of productivity, better planning and a heightened 

presence of technology is advisable. To assist in this 

endeavour, this systematic literature review presents 

28 computer-assisted scheduling tools, their functionalities 

and their performance indicators. 

Such a review should help paint a clearer picture of all the tools 

and strategies available, and industry stakeholders and 

researchers will have a common starting point from which to 

build on in the development of relevant scheduling assistants. 

The next step in the project is to validate the relevance of the 

work done to date. In particular, companies in the construction 

industry will evaluate the presentation of the tools to ensure 

that they have access to the information they need in a way that 

suits them. 

5. ACKNOWLEDGMENTS AND FUNDING 

The Fonds de recherche du Québec – Nature et technologies 

for funding the master’s degree behind the review.  

The Chaire industrielle de recherche en construction 

écoresponsable en bois (CIRCERB) for funding the master’s 

degree and providing considerable support.  

Hydro-Québec and Laval University’s Foundation for their 

financial support.  

REFERENCES 

Agrama, F.A., 2014. Multi-objective genetic optimization for 

scheduling a multi-storey building. Automation in 

Construction 44, 119–128.  

Bansal, V.K., 2011. Use of GIS and Topology in the 

Identification and Resolution of Space Conflicts. Journal of 

Computing in Civil Engineering 25, 159–171.  

Barbosa, F., Woetzel, J., Mischke, J., Ribeirinho, M.J., 

Sridhar, M., Parsons, M., Bertram, N., Brown, S., 2017. 

Reinventing construction through a productivity revolution | 

McKinsey. McKinsey Global Institute. 

Bayne, K., Taylor, S., 2006. Attitudes to the use of wood as a 

structural material in non-residential building applications: 

Opportunities for growth. Australian Government: Forest 

and Wood Products Res. and Development Corporation, 

Australia. 

Benjaoran, V., Intarasap, A., 2013. Hospital renovation 

construction project scheduling with special relationships, 

in: ICCREM 2013: Construction and Operation in the 

Context of Sustainability. American Society of Civil 

Engineers (ASCE), pp. 258–270.  

Chan, D.W.M., Chan, A.P.C., 2002. Public Housing 

Construction in Hong Kong: A Review of its Design and 

Construction Innovations. Architectural Science Review 45 

Chen, S.-M., Griffis, F.H. (Bud), Chen, P.-H., Chang, L.-M., 

2013. A framework for an automated and integrated project 

scheduling and management system. Automation in 

Construction 35, 89–110.  

Chua, D.K.H., Nguyen, T.Q., Yeoh, K.W., 2013. Automated 

construction sequencing and scheduling from functional 

requirements. Automation in Construction 35, 79–88.  

Dang, T., Bargstadt, H.-J., 2013. Integration of simulation 

and Pareto-based optimization for space planning in the 

finishing phase, in: 2013 Winter Simulations Conference 

(WSC). IEEE, pp. 3191–202.  

Delen, D., Turban, E., Sharda, D.R., 2014. Business 

intelligence: A managerial perspective on analytics. 

Pearson Harlow. 

Faghihi, V., Nejat, A., Reinschmidt, K.F., Kang, J.H., 2015. 

Automation in construction scheduling: a review of the 

literature. The International Journal of Advanced 

Manufacturing Technology 81, 1845–1856.  

Faghihi, V., Reinschmidt, K.F., Kang, J.H., 2014. 

Construction scheduling using Genetic Algorithm based on 

Building Information Model 41, 7565–7578.  

Fan, S.-L., Wu, C.-H., Hun, C.-C., 2015. Integration of Cost 

and Schedule Using BIM. Journal of Applied Science and 

Engineering 18, 223–232.  

Feng, C.-W., Chen, Y.-J., 2010. Using the MD CAD model 

to develop the time-cost integrated schedule for 

construction projects, in: ISARC 2008 - Proceedings from 

the 25th International Symposium on Automation and 

Robotics in Construction. Vilnius Gediminas Technical 

University, pp. 573–584. 

Feng, C.-W., Chen, Y.-J., 2008. Applying MD CAD model to 

streamline information transformation for construction 

project planning, in: Proceedings of the AEI 2008 

Conference - AEI 2008: Building Integration Solutions. 

ASCE - American Society of Civil Engineers. 

Gibb, A.G.F., 2001. Standardization and pre-assembly- 

distinguishing myth from reality using case study research. 

Construction Management and Economics 19, 307–315.  

Hegazy, T., Kamarah, E., 2008. Efficient repetitive 

scheduling for high-rise construction 134, 253–264.  

Ivson, P., Nascimento, D., Celes, W., Barbosa, S.D., 2018. 

Cascade: a novel 4D visualization system for virtual 

construction planning. IEEE transactions on visualization 

and computer graphics 24, 687–697. 

Karshenas, S., Sharma, A., 2010. Visually scheduling 

construction projects, in: Construction Research Congress 

2010: Innovation for Reshaping Construction Practice - 

Proceedings of the 2010 Construction Research Congress. 

American Society of Civil Engineers, pp. 490–499.  

Kenley, R.H., 2017. T. and East, B. 2018. Transferring 

project management knowledge: lessons learned in open 

standards projects, in: Project Management Institute 

Australia Conference. pp. 1–16. 

Kim, H., Ahn, H., 2011. Temporary facility planning of a 

construction project using BIM (Building Information 

Modeling), in: Congress on Computing in Civil 

Engineering, Proceedings. American Society of Civil 

Engineers (ASCE), pp. 627–634.  

Kim, H., Anderson, K., Lee, S., Hildreth, J., 2013. 

Generating construction schedules through automatic data 

extraction using open BIM (building information modeling) 

technology. Automation in Construction 35, 285–295.  

Kim, K., Cho, Y.K., 2015. Construction-specific spatial 

information reasoning in Building Information Models 29  

2019 IFAC MIM
Berlin, Germany, August 28-30, 2019

1875



1848 Alexandre Desgagné-Lebeuf  et al. / IFAC PapersOnLine 52-13 (2019) 1843–1848 

 

     

 

Konig, M., Koch, C., Habenicht, I., Spieckermann, S., 2012. 

Intelligent BIM-based construction scheduling using 

discrete event simulation, in: Proceedings - Winter 

Simulation Conference. Institute of Electrical and 

Electronics Engineers Inc.  

Liu, H., Al-Hussein, M., Lu, M., 2015. BIM-based integrated 

approach for detailed construction scheduling under 

resource constraints. Automation in Construction 53 

Melzner, J., Zhang, S., Teizer, J., Bargstädt, H.-J., 2013. A 

case study on automated safety compliance checking to 

assist fall protection design and planning in building 

information models. Construction Management and 

Economics 31, 661. 

Moghadam, M., Al-Hussein, M., Al-Jibouri, S., Telyas, A., 

2012. Post simulation visualization for effective scheduling 

of modular building construction, in: Proceedings, Annual 

Conference - Canadian Society for Civil Engineering. 

Canadian Society for Civil Engineering, pp. 1906–1915. 

Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., 

Petticrew, M., Shekelle, P., Stewart, L.A., PRISMA-P 

Group, 2015. Preferred reporting items for systematic 

review and meta-analysis protocols (PRISMA-P) 2015 

statement. Systematic Reviews 4, 1.  

Ponz-Tienda, J.L., Pellicer, E., Benlloch-Marco, J., Andres-

Romano, C., 2015. The fuzzy project scheduling problem 

with minimal generalized precedence relations 30, 872–91.  

Radujković, M., Sjekavica, M., 2017. Project Management 

Success Factors. Procedia Engineering 196, 607–615.  

Rolfsen, C.N., Merschbrock, C., 2016. Acceptance of 

Construction Scheduling Visualizations: Bar-charts, 

Flowline-charts, Or Perhaps BIM? Procedia Engineering 

164, 558–566.  

Russell, A., Staub-French, S., Tran, N., Wong, W., 2009. 

Visualizing high-rise building construction strategies using 

linear scheduling and 4D CAD 18 

Said, H., El-Rayes, K., 2014. Automated multi-objective 

construction logistics optimization system. Automation in 

Construction 43, 110–122.  

Shan, Y., Goodrum, P.M., 2014. Integration of Building 

Information Modeling and Critical Path Method Schedules 

to Simulate the Impact of Temperature and Humidity at the 

Project Level 4, 295–319.  

Song, S., Yang, J., Kim, N., 2012. Development of a BIM-

based structural framework optimization and simulation 

system for building construction 63, 895–912.  

Taghaddos, H., Hermann, U., Abourizk, S., Mohamed, Y., 

2014. Simulation-based multiagent approach for scheduling 

modular construction 28, 263–274.  

Tranfield, D., Denyer, D., Smart, P., 2003. Towards a 

Methodology for Developing Evidence-Informed 

Management Knowledge by Means of Systematic Review. 

British Journal of Management 14, 207–222.  

Wang, W.-C., Weng, S.-W., Wang, S.-H., Chen, C.-Y., 2014. 

Integrating building information models with construction 

process simulations for project scheduling support. 

Automation in Construction 37, 68–80.  

Yeoh Justin K. W., Nguyen T. Q., Abbott Ernest L. S., 2017. 

Construction Method Models Using Context Aware 

Construction Requirements for Automated Schedule 

Generation. Computing in Civil Engineering 2017, 

Proceedings.  

 

2019 IFAC MIM
Berlin, Germany, August 28-30, 2019

1876


