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Abstract

The use of Building Information Modeling (BIM) is on the rise in the construction industry as more of its
potential is being harnessed. The evolution of BIM models is a dynamic process where a project’s
information is progressively developing during a project’s timeline. Although several studies track
project’s evolution from product and process perspectives, they do not necessarily track actual model
dynamics occurring at the level of model elements for desigh management purposes. In this regard, this
study introduces five variables to track changes witnessed across BIM model development using a visual
dashboard designed to facilitate their interpretation and use by practitioners. The study applies the
developed dashboard on an empirical case study project to test its usefulness and shortcomings. Results
show that the dashboard can convey several design management aspects and can help design managers

better maneuver the development of their designs.
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1. Introduction

The Architecture, Engineering and Construction (AEC) industry is witnessing a technological shift towards
the implementation of Building Information Modeling (BIM) as a data repository of lifecycle building
information (Fadeyi 2017). The use of BIM aims to enhance information workflow among practitioners by
facilitating the share and use of generated data. Accordingly, understanding the dynamics of BIM models
across the project’s timeline is crucial to reaping the full benefits of BIM. In this regard, this study
introduces five variables to track model dynamics at the level of elements where design information is
delivered. Nonetheless, a dashboard is designed to represent these dynamics visually to facilitate their

interpretation and use by involved stakeholders.

Generating and sharing design information using BIM differs from conventional 2D CAD processes
(Al Hattab and Hamzeh 2013). The major difference resides in the use of parametric model elements not
drawings. Therefore, the generated design intent is being shared using data-rich models which are
supposed to carry necessary design information. This difference brought by technology advancement is
reshaping the work processes in the AEC industry especially that geometry and data are combined in a
unified BIM model repository (Fadeyi 2017). For example, a Door element modeled in BIM holds not only
the dimensions of the door, but also its material properties, manufacturer, cost, installation manual, etc.
Therefore, a thorough understanding of the characteristics of the new process is needed to enhance the

management of BIM-based design projects while increasing the value of generated models.

In BIM, design progress is manifested by the creation of new elements, deletion of others and the
development of previously created elements. Nonetheless, the generation of design information is
translated into the addition and modification of elements’ properties across the project’s timeline (Poirier,
Staub-French and Forgues 2015). Therefore, the development of design leaves imprints in the BIM model

that can be used to infer about the progress of the design process as well as the maturity of the generated
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design. Several studies have investigated the evolution of BIM models during project’s development
(Leite, et al. 2011; Poirier, Staub-French and Forgues 2015; Tribelsky and Sacks 2010; Berard 2012; Al
Hattab and Hamzeh 2018; Pilehchian, Staub-French and Nepal 2015; Pilehchian 2012). While some of
these studies have targeted aspects related to the BIM model development, other studies have focused
on aspects related to process characteristics; however, little research have investigated the dynamics
occurring at the level of model elements or correlated between these dynamics and the development of

design where the problem-solution space is evolving.

In this regard, this study aims to present a new construct to monitor BIM development by tracking
changes occurring at the level of model elements. The study designs a visual dashboard that tracks several
defined variables related to model dynamics. The dashboard is expected to provide new knowledge about
the development of BIM models, to reveal important process characteristics, and to help design managers

enhance the overall project’s management.

2. Background

The design phase of construction projects is a crucial step that impacts the entire project’s lifecycle. Shape,
constructability, serviceability, functionality, as well as the maintainability of the facility are all decided at
this phase; hence its crucial importance. Inadequate management of the design phase; however, leads to
suboptimal design solutions, disrupted information flows, poor coordination among disciplines, reduced
value, design errors and omissions, as well as cost and time overruns in both the design and construction

phases (Li and Taylor 2014; Said and Reginato 2018).

Several researchers have tried to represent the flow of design information among stakeholders.
Their studies include metaphors of fluid mechanics (Krovi, Chandra and Rajagopalan 2003), the flow of
products in manufacturing (Ballard 2000), electrical current (Ostergaard and Summers 2007), as well as
metaphors of automotive power trains (Caldwell, Palmer and Cuevas 2008). Note that developing

measures of information flow highly depends on which concept is used to represent design information
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flow. For instance, in the electrical current approach, metrics like Resistance is used to measure the
resistance value of each design task through which the information is flowing. In the fluid mechanics
approach, measures like velocity, viscosity, and volatility of fluids flow are suggested to use in information
flow measurements; however, these measures were not developed nor demonstrated (Tribelsky and

Sacks 2010).

In a different direction, the design process is compared to the production process as far as inputs
are transformed into outputs at various processing stations (Ballard 2000). While in the typical production
process, workers and machines produce actual products; in design, designers and consultants transform
client’'s requirements into design deliverables. In addition to transformation, flow and value
characteristics are introduced to describe the design process. In this context, design is perceived as a
transformation of inputs to outputs, as a flow of information and deliverables among involved parties,
and as a value generating process where client’s needs and requirements are ought to be fulfilled (Koskela
2000). Tribelsky and Sacks (2010) further elaborated on Ballard's and Koskela’s models; they introduced
new metrics to quantify and measure design workflows. These metrics help evaluate the characteristics
of information flow such as work in process, cycle time, batching and other lean related concepts.
However, these metrics do not reflect the quality of design itself nor its progress; they just reflect the

characteristics of the ongoing process.

Meanwhile, the industry is witnessing an increasing use of Building Information Modeling (BIM)
as a platform for running the design process. BIM is a visual database that combines parametric design
data into a centralized model. The proper use of BIM has proven benefits for the design process as well
as the final design product (Eastman, et al. 2009; Al Hattab and Hamzeh 2016; Ku, et al. 2008; Li, et al.
2008). Since BIM is object oriented, elements used in the model hold the corresponding design

information either in their graphical appearance or in the corresponding attached data. Accordingly,
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information sharing using BIM defers from conventional procedures used in the case of traditional 2D-

CAD processes (Czmoch and Pekala 2014).

For this reason, the industry has developed the Level of Development (LOD) concept to facilitate
the sharing and use of BIM models among involved stakeholders. LOD aims to enhance communication
about the characteristics of model elements (BIMForum 2018). LOD levels are developed to convey the
degree of reliance on model elements in terms of geometry and information to guarantee a systematic
and accurate sharing of information to downstream users (The American Institute of Architects 2013).
There are currently six major LOD levels ranging from LOD 100 to LOD 500 reflecting different degrees of
element’s reliability. For example, while an LOD 400 element is modeled to the accuracy sufficient for
fabrication, an LOD 200 element is just a generic representation used to convey schematic design intent
(BIMForum 2018). Note that within a design process, elements are expected to gradually move from lower
LOD levels to higher levels conforming with the nature of design development that passes through several

phases known as concept design, schematic design, and detailed design (Ahuja 1984).

In this context, running design projects on BIM platforms significantly differs from running them
using traditional 2D-CAD technologies. This difference is imposed by the object-oriented nature of BIM
software where designers represent their design intent using parametric elements. Nonetheless, these
elements are classified according to a certain hierarchy that relates each element to a certain parent class.
For example, the BIM software used in the case study defines elements as follows: each element is related
to a Type, each Type to a Family, and each Family to a Category of elements. Note that the elements

modeled under the same Type share similar characteristics such as the size and material properties.

Several studies have tried to understand the dynamics occurring in BIM models due to the process
of developing design or due to external changes by client and other stakeholders. Some of these studies

targeted the visual tracking of model changes in published model versions (Juszczyk, Tomana and
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Bartoszek 2016), while other studies developed an ontology of changes that occur during the
development of BIM models (Pilehchian, Staub-French and Nepal 2015). Nonetheless, these studies
tracked dependencies among different elements’ attributes and studied the propagation effects of
changes in the entire BIM model (Pilehchian 2012; Pilehchian, Staub-French and Nepal 2015). Wang et al.
(2007) also tried to formalize the detection of differences in model versions by developing a taxonomy of

version differences at the level of classes and attributes (Wang, Akinci and Garrett Jr. 2007).

Previous studies also investigated several aspects related to the development of BIM during a
project’s timeline. While some studies targeted the process characteristics of BIM workflows during
product’s development (Al Hattab and Hamzeh 2018; Tribelsky and Sacks 2010; Tribelsky and Sacks 2011),
different studies examined model evolution, information quality and modeling effort (Leite, et al. 2011;
Poirier, Staub-French and Forgues 2015; Berard 2012), whereas other studies examined the modifications
witnessed between consecutively published model versions (Pilehchian, Staub-French and Nepal 2015;
Pilehchian 2012; Wang, Akinci and Garrett Jr. 2007). These efforts help in developing an understanding of
specific aspects of the BIM development process; however, the linkage between model dynamics and

actual design development is still under-studied.

In this regard, this study addresses this knowledge gap by looking at BIM model dynamics from a
new perspective where several dynamic aspects at the level of model elements are linked to design
progress and dynamics. A visual dashboard comprising five variables is designed to represent model
dynamics in a color-coded fashion to facilitate monitoring and use by practitioners. Once designed, the
dashboard is applied on an empirical case study project to test its potential and shortcomings.
Accordingly, the design of the dashboard witnessed several iterations before reaching its final form.
Finally, the resulting dashboard is analyzed to correlate between the dynamics of the defined variables

and several aspects related to design development.
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3. Research Method

This paper employs Design Science Research (DSR) as a research method. DSR is suitable to conduct
research in the construction management field where innovative concepts and tools can be developed to
address practical field problems and to add value to involved stakeholders (Rocha, et al. 2012). DSR is also
known as constructive research that has two fundamental activities: (1) creating artefacts to serve human
purposes and (2) evaluating their performance in use (March and Smith, 1995). In design sciences,
knowledge is produced by creating and implementing solutions that are able to manipulate a particular
phenomenon (Vaishnavi and Kuechler 2007). In this regard, DSR is inherently iterative and incremental
where the testing/application steps provide essential feedback for the development of the desired

solution (Hevner, et al. 2004).

Models are among several types of artefacts that can result from a DSR research. “A model is a
conceptual object that comprises constructs and associations among these constructs as a way to describe
and represent some subset of real-world phenomena” (Weber 2013). In this paper, a dashboard aimed to
represent the dynamics of design using BIM model elements is developed following the guidelines

advocated by Hevner, et al. (2004). The research consists of three stages as shown in Figure 1.

In the first stage, a new artefact is designed to represent the dynamics of BIM models. The artefact
is intended to be a visual dashboard that can monitor and track changes at the level of model elements.
The role of this stage is to investigate which type of BIM model dynamics can be employed to infer about
the development of the design. Nonetheless, this step investigates which type of model dynamics can be
automatically tracked using the current state-of-art of BIM technologies. The development of the
dashboard takes into consideration the importance of visual management in lean construction (Viana, et

al. 2014; Koskela, Tezel and Tzortzopoulos 2018). In this regard, visual dashboards are among the
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important tools that can help construction managers track and control their project’s performance

throughout the project’s duration.

The second stage of the research targets the empirical implementation of the designed dashboard
on a project to investigate its potentials and pitfalls. In this stage, the design of the artefact witnessed
several iterations, including one iteration after a peer review process, which led to the current design of
the dashboard illustrated in Figures 3 and 4. The design iterations aimed to enhance the visual
representation of the artefact, to filter the corresponding model dynamics useful for design management

purposes, and to enhance the artefact’s readability and practicality.

The third stage investigates possible correlations between BIM model dynamics displayed in the
developed dashboard and design dynamics. In this stage, an analysis of model dynamics is jointly
performed by the authors and the design team leader who managed and coordinated the authoring of
the BIM models. The setup of the empirical study followed several steps as illustrated in Figure 2. The
empirical project consists of six identical residential villas, each divided into two apartments. The project
spans over four months covering the end of the schematic design phase and the design development
phase. Data is gathered through direct access to project files using a cloud-based application which
enabled the authors to export every published version to an excel file showing all data related to the
model. Figure 2 shows the process followed to gather the required data. The BIM models are first
authored locally on desktop computers, regularly shared on the cloud, extracted to an excel file, and
compared to previously published versions using a “compare versions” tool.

3.1. Research Limitations
This study develops a visual dashboard to show several BIM model dynamics during design. The dashboard
is applied on a case study project as part of its development process, and therefore the dashboard design
can be influenced by the setup of the corresponding case study project and involved practitioners.
Therefore, the dashboard needs to be further tested on different projects and with other companies

8
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before it can be adopted as a visual tool that tracks model development. Moreover, the current case study
project covers only the architectural and structural BIM models; however, it is important in future studies
to track dynamics of MEP models to have a comprehensive idea about the overall project’ dynamics.
Nonetheless, the results of this paper cannot be generalized while relying on one case study project only;
however, this paper can be considered as a step towards the development of useful tools that enhance

the overall management of design projects using BIM as a process platform.
4. Stage 1: Dashboard Development

The dashboard is designed to track changes related to model elements. While several changes can be
extracted from a BIM model, only changes that can be used to infer about design development are
monitored. Accordingly, five variables are selected in this study to depict model changes in each

consecutive version published on the BIM cloud, as illustrated in Table 1.

The first variable (N) targets the changes related to the number of modeled elements in BIM
models. It calculates the percentage of change in modeled elements between two consecutive versions
reflecting the overall size of changes. The second variable (G) calculates the percentage of elements
witnessing geometry related changes in each consecutive model version. Geometry changes include
changes in element’s size, shape, and location. The third variable (D) calculates the percentage of
elements witnessing data related changes in each consecutive model version. Data changes include
changes in any type of element’s attached data including its identification, material properties, or any
other non-geometrical data. The fourth variable (T) highlights the number of Types used in the model at
each published version. A Type is a parent class comprising elements having similar geometry and data
properties. The fifth variable monitors the LOD level of modeled elements. The LOD level reflects the Level

of Development of the corresponding model elements as per the guidelines of BIM Forum (2018).
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Once the variables are defined, the design of the dashboard focused on selecting suitable visual
tools to represent the changes at each published version. First, histogram charts are used to show these
changes. While the histograms are good to represent the changes in the variable’s values for each
consecutive model version, they do not convey relationships among tracked variables especially that it is
hard to superimpose several histograms in a single dashboard. Therefore, the first design iteration led to
the generation of several dashboards each targeting one or two variables at maximum; thus, the defined

variables were not initially combined into a single dashboard.

During the second design iteration, which occurred after the first peer review process, the
dashboard design employed a Gantt chart representation. The Gantt chart enabled researchers to
illustrate the changes of the variables in each category of elements, at each published model version,
while combining all model categories into a single dashboard per discipline. Thus, the Gantt-based
dashboard is now able to summarize all variables’ dynamics on a single sheet; rendering it more
convenient to practitioners. The resulting dashboard is shown in Figures 3 and 4 for the architectural and

structural BIM models consecutively.

5. Stage 2: Empirical Study

The dashboard is applied on a case study project as part of its development process. The project consists
of six identical residential villas, each divided into two apartments. The project spans over four months,
basically covering the end of the schematic design phase and the design development phase. The data
gathering process took place according to the procedure explained in Figure 2 shown in section 3.

Figures 3 and 4 highlight the resulting dashboards after calculating the variables’ values of each
published model version for the architectural and structural BIM models consecutively. Note that only
significant changes higher than 5% are shown in the dashboard. For each category of elements (ex:
partitions, doors, columns, etc.), the dashboard shows the start date of each activity and the changes in

the monitored variables in a color-coded fashion. For instance, the “Partitions” category showed in the
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Architectural BIM Dashboard (Figure 3), witnessed significant changes in the “N” variable for versions 1,
2, and 6 while witnessing continuous changes in the “G” variable for all versions. Therefore, although the
number of modeled partitions did not fluctuate in all published versions, the modeled partitions were

witnessing continuous geometry changes due to design development and coordination.

6. Dashboard Analysis

This section investigates the types of design management aspects that can be inferred through the
dashboard. In this context, the authors along with the design team leader explored what type of design
related characteristics can be understood by tracking the dynamic changes of defined variables. Several

aspects are identified and highlighted as follows:

- Model categories under development: the dashboard shows which categories of the model are
being under development. For example, only “Partitions”, “Curtain Walls”, Windows”, and
“Architectural Floors” categories are being under development for the first four versions of the
architectural BIM model shown in Figure 3. In this context, each category witnessing changes in
one or all its variables signals some design progress in the corresponding discipline as compared
to a previous version.

- Performance against schedule: while the dashboard shows the actual start date of each design
activity, the corresponding duration can be inferred by monitoring all versions having changes in
the defined variables. In this regard, a certain category is said to reach its final design status if all
variables witness no more changes. Nonetheless, comparing the actual start/end dates related to
a certain model category against a pre-set model progression plan can show discrepancies
between planned and actual design progress. In this regard, a dashboard showing the model
progression plan can be superimposed to the dashboard showing actual progress to infer about
the project’s performance at any given time. Thus, design managers can keep track of the actual

model progress, assess conformance to plan, and act accordingly especially if a critical category

11
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of elements is witnessing serious delays that can cause cascading delays in downstream design
activities, which can affect the overall project’s duration. Moreover, keeping track of actual LOD
levels is important for the design manager to inquire about the actual level of development of a
corresponding category. In this regard, the failure to reach a planned LOD level can threaten the
development of other related categories and therefore disrupt the corresponding workflow.
Types of tasks performed: the dashboard differentiates between three types of tasks
accomplished by the designers across the project’s timeline. The first task is the authoring of
elements manifested by the creation and deletion of elements while developing the design
solution. This task is manifested by the variable “N” showing the changes in categories’ overall
size, and therefore model’s size. The second type of tasks is the development and coordination of
created elements manifested by the changes of variables “G” and “D” showing geometry and data
related changes respectively. The third type of tasks is the assighnment of LOD values for modeled
elements to reflect design reliability in each stage. Changes in LOD values from one version to
another can either reflect an increase of element’s reliability if LOD increases its value or a loss of
reliability due to design changes if LOD values decrease.

Design dependency and work sequence: another important aspect shown by the dashboard is
the work sequence followed to develop the corresponding design. The dashboard shows which
categories are involved in each version and tracks the start date of other categories showing the
followed sequence to develop the design solution. Note that this sequence can be due to either
design dependency (ex: Columns category before Footing category), or to planning decisions
focusing on certain categories of the model while postponing others (ex: Doors category
postponed to version 5 although it can start earlier).

Indications of Design Progress: the progress of design can be inferred from the dashboard at

several fronts depending on which variable is witnessing changes as follows:
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“N” variable: changes in the “N” variable signal the occurrence of changes related to the
authoring activity manifested by the creation and deletion of elements. If “N” is
witnessing changes in each new version, the BIM model is therefore still witnessing
changes in its size in terms of the number of modeled elements. Note than if “N”
witnesses no further changes, the model can be said to reach its final size, without
negating the fact that elements can still witness geometry and data related changes.

“T” variable: changes in the “T” variable reflect changes in the number of used Types
(classes) in the model. On one hand, if “T” is increasing from one version to another for a
certain category, it means that additional classes are being used to model more types of
needed elements. In other words, an increase of the “T” value can signal the
transformation of design from ‘generic’ to ‘defined’ as more accurate information is being
generated. For instance, the number of used Types to model the architectural floors
increased from 1 (generic Type to model all floor’s layers) in version 3 to 11 in version 4
to model the different forming layers of the floors including different types of tiles and
toppings in each room. On the other hand, if “T” is decreasing from one version to
another, it can reflect a designer’s decision to use standardized classes as in the case of
“Columns” where “T” dropped from 9 at version 4 to 6 in the final versions. This means
that the designer wanted to decrease the number of used column types to standardize
and facilitate construction works.

“G” variable: changes in the “G” variable reflect design changes related to the geometry
characteristics of model elements. These changes can be related to element’s shape, size,
or location. While continuous changes in the “G” variable can signal the occurrence of

consecutive design iterations where elements are coordinated and developed, zero
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changes can reflect the convergence of elements to their desired sizes and final locations
in the model.

o “D” variable: changes in the “D” variable highlight the number of elements witnessing
changes in their non-geometrical properties. Several types of properties are covered by
the “D” variable including elements’ identity, material, cost, specification or any other
design related information. Changes in the “D” variable highlight the development of
model elements in terms of added data, while zero “D” values can reflect the convergence
of elements to their desired design information.

o LOD variable: the LOD variable reflects the design reliability of modeled elements as per
the guidelines of BIMForum (2018). Nonetheless, assigned LOD values reflect the
conformance of elements to the required geometrical representation and data richness
required at each LOD level. In this context, an increase in LOD values for a certain category
of modeled elements signal the progress of the design of this category as more accurate
design data is generated, coordinated, and communicated to other users.

- Rework: rework can be inferred from the dashboard by monitoring the sudden decrease in LOD
values across project’s development. For instance, “Columns” in Figure 4 witnessed an increase
in their LOD value to LOD 400 at version 5 which reflects the “Columns” reaching a shop-drawings
level of detail where reinforcement details and concrete specification were added to the model.
However, a sudden drop of the LOD value to LOD 200 occurred at version 7 along with changes in
the “G” and “D” variables. These changes signal the occurrence of a major design change related

to columns’ geometry and specification which led to this decrease in the LOD value to 200.

7. Discussion

The dashboard reveals several dynamics occurring at the level of BIM model elements. In addition to

design development aspects inferred from the dashboard as shown in Section 6, other factors related to
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the overall process characteristics are brought to surface. First, the dashboard shows which variables are
witnessing more changes than the others. In this case study, the variable “G” is witnessing the most
changes among almost all published versions and categories. Accordingly, elements seem to continuously
witness geometry related changes whether due to coordination among disciplines or due to intra-
disciplinary development. In both situations, continuous geometry changes especially for an essential
category like the “Partitions” category increases the chance of design changes in other model categories
(like columns, slabs, and structural walls) because of design dependencies. Accordingly, design managers
who can detect the continuous occurrence of these changes by referring to the dashboard, can investigate
the root causes of these changes and act upon them, thus providing more stability to the work of other

downstream designers and reducing possible rework.

Second, the dashboard reveals the modelling decisions adopted by the designers in terms of LOD
requirements. For example, the designers in the case study have directly adopted the planned LOD 350
requirements to model exterior walls without following a gradual development across lower LOD levels.
This decision led to modeling each wall’s layer separately, thus significantly increasing the number of
modelled elements under this category very early in the process. Consequently, designers needed to
individually update these modelled individual walls every time design coordination affected exterior
facades, which took extra time and effort. In this regard, designers should have avoided the adoption of
high LOD level at the beginning of design to avoid major rework as noted by (Said and Reginato 2018).
Moreover, designed beams in the structural BIM model jumped from LOD 200 to LOD 400 between
versions 8 and 9 without passing through the intermediate LOD 300 level. One reason behind this jump is
pushing the delivery of the model at version 9 with elements modeled as per the required LODs. These
kinds of jumps reveal inappropriate planning of model development and may cause design errors and loss

of value during the design process.
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Third, designers in the case-study have assigned LOD values by assessing the development of
elements at each model version. This procedure is error prone and can under or over estimates the actual
LOD of modeled elements. Sometimes, designers kept the LOD at a lower level although the actual LOD is
higher; thus, reducing reliability. This hinders downstream users from starting their design tasks where
they needed to await upstream designers to assign higher LOD values to their elements. Therefore, the
assignment of LOD values impacts the flow of information which sometimes lead to un-necessary
interruption of workflow. In this context, the concept of LOD should be addressed from a new perspective
that allows automatic calculation based on model circumstances and facts as suggested by (Abou-lbrahim

and Hamzeh 2016), not just the subjective decision of involved designers.

Fourth, the dashboard can be used for planning and scheduling purposes if employed prior to the
start of design. For instance, the planning of the design development stage can include: the selection of
model categories to be designed at each stage, the logical dependencies among these categories, the
resulting start dates and durations, and the LOD levels needed to satisfy necessary information flow
among involved stakeholders. Nonetheless, design managers can allocate major decision gates
throughout the process to control model dynamics without affecting the value of the generated design.
For instance, decision gates can be allocated to cease changes in the “N”, “G”, and “D” variables for a
certain category to allow other dependent categories to safely proceed with their design while minimizing

the possibility of rework.

Fifth, the developed dashboard can promote lean design management at several fronts. As a
visual tool, the dashboard increases transparency among involved designers where work performed by
each discipline is tracked in a transparent manner without uncovering a firm’s proprietary information.
Thus, the dashboard helps design managers to detect who does what, and to monitor how discipline
models are evolving without uncovering confidential firm knowledge. In this context, unusual model
dynamics can be visually detected triggering the need to perform root cause analysis to avoid future
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occurrence. In this regard, design managers can promote decisions that lead to the overall enhancement
of design workflow while avoiding decisions that lead to working in silos. Nonetheless, flow discontinuity
can be detected by the dashboard if a category of elements is witnessing clear cells for several versions;
thus, witnessing no changes in variables’ values although the discipline is still in design progress. Workflow
discontinuity leads to idle resources and can cause substantial delays in overall project’s duration. Another
important lean aspect uncovered by the dashboard is the occurrence of negative iterations that are a form

of waste in the process that need to be minimized.

Sixth, the state-of-art of the used BIM technology can affect the quality of detected model
changes as several shortcomings might be encountered as also noted by (Pilehchian, Staub-French and
Nepal 2015). For instance, the application used in the case study to compare model versions does not
differentiate between negligible and serious modifications of elements’ geometry. Nonetheless, it does
not diagnose logical dependencies among elements and cannot recognize the deletion and addition of
the same element during the modeling process where nothing has changed. Moreover, modeling issues
like splitting and joining elements further complicates the tracking of changes where the same wall is
counted changed if divided into several walls although its position and properties are the same. These
software issues need to be addressed in future BIM applications to enhance the tracking of model changes

across different versions.

Seventh, although tracking Size, Geometry, Property, Type and LOD changes gives design
managers an idea about the actual design progress, a more detailed tracking of elements’ changes is
needed. At the level of geometry changes, it is beneficial to differentiate among size changes, shape
changes and location changes. In this context, size changes can reflect development in a specific discipline,
shape changes can reflect changes of element’s Level of Detail (LOD), and location changes can reflect
coordination with other elements. For property changes, classifying them into sub-categories can be of
great benefit to design managers in monitoring the progress of design as data is added to model elements.
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For instance, changing the material of an element differs from adding constructability details. Moreover,
it should be noted that the tracked model dynamics are not self-explanatory, but they require the
intervention of experienced designers to correlate the dashboard results to actual design changes. This

fact is considered a shortcoming of the current dashboard design and requires future enhancements.

Taking the above points into consideration, the dashboard can be employed in real life projects
as a planning, monitoring and control tool to enhance the management of BIM-based design projects. At
the planning level, the model progression plan comprising the set of categories that need to be modeled
at each project phase, in each discipline, the required LOD levels, as well as the start/end dates of
corresponding design activities can all be represented using the dashboard. Nonetheless, the logical
sequence that needs to be followed while developing model categories can be mapped to the dashboard
as to reduce the amount of rework. Once the design development plan is modeled using the dashboard,
the design manager can continuously check actual model development against the plan and control the
model progress accordingly. In this regard, discrepancies between actual and planned model
progressions, whether related to time performance or generated LOD levels, can be visually detected
allowing the design manager to take adequate decisions accordingly. For instance, a manager can ask to
increase the design team size to accelerate the development of a corresponding critical category to avoid
delaying subsequent categories. Moreover, the ability of the dashboard to pop-up changes generated at
the level of elements’ geometry and information levels can be of great value for design managers. For
instance, a sudden geometry change in the structural beams’ category can alert the design manager about
possible clashes with other model elements such as mechanical pipes, or false ceiling; thus, pushing
him/her to follow up the change with other involved disciplines. With the absence of such a dashboard,
changes of this kind can go un-noticed by the design manager and persist as hidden clashes that may

cause problems in downstream phases whenever discovered.
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8. Conclusion

This paper investigates BIM dynamics occurring at the level of model elements. Five new variables are
introduced to cover several types of changes encountered by BIM model elements during design. Also, a
visual dashboard is designed to represent the changes of these variables across different published model
versions highlighting those witnessing significant changes. The dashboard is then applied on an empirical
case study project as part of its development process. The resulting dashboard is then analyzed, and
reflections are presented to correlate between variables’ dynamics and corresponding design

development aspects.

The study shows that monitoring changes at the level of BIM model elements can be beneficial to
design managers. First, tracking these dynamics help design managers oversee the progress of BIM models
and the corresponding categories from a different perspective; not explicit if assessing individual models
separately. Second, tracking these dynamics can aid design managers better understand the major
workflow trends encountered across a project’s timeline by tracking changes to the proposed variables.
For example, managers can know when did the development process start for a certain model category,
when did it reach the final status for size, when did it witness geometry and data changes, and when did
its LOD level change. Nonetheless, they can detect the effects of changes encountered in one category on

rework performed for other dependent categories.

Monitoring model dynamics at the level of elements can also help design managers form insights
about several design development aspects. For instance, aspects related to design planning and
scheduling (ex: involved designers, activities start dates, durations, design dependencies) can be inferred
from the dashboard by monitoring which categories are under development and by detecting their
sequence in the development process. Also, aspects related to design progress can be inferred from the
analysis of changes to variables’ showing progress at different fronts (model size, LOD, geometry and

information development). Nonetheless, rework can be detected using the dashboard where sudden
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drops in category’s LOD along with changes in the “G” and “D” variables can signal the occurrence of

design rework.

The study provides a new construct to model the dynamics encountered in BIM-based design
projects. The designed dashboard shows potentials as well as some shortcomings that need to be
addressed in future research. For example, future studies can investigate the addition of new variables to
cover a wider spectrum of model dynamics, explore different visual representations, apply the dashboard

on different projects, as well as automating the update of dashboard cells.
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Figures Legend

Figure 1: Research Stages

Figure 2: Empirical Study Setup

Figure 3: Architectural BIM Model Dashboard

Figure 4: Structural BIM Model Dashboard

Table 1: Dashboard defined variables

Variable ID Description

N Changes in the number of elements between two consecutive versions
G Geometry related changes between two consecutive versions

D Data related changes between two consecutive versions

T Number of used Types in each model version

LOD LOD level of corresponding elements
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Table 1: Definition of Dashboard variables

Variable ID Description

N Changes in the number of elements between two consecutive versions
G Geometry related changes between two consecutive versions

D Data related changes between two consecutive versions

T Number of used Types in each model version

LOD LOD level of corresponding elements
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