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Abstract. Construction projects are very dynamic, so change management
is crucial there. Changes in schedule and in stakeholders relationships are
among the most important change management areas. Making decisions on
such changes is an extremely difficult task. It can be facilitated by special
visualization techniques. The existing techniques are analyzed and their
drawbacks revealed. In order to address these drawbacks, new techniques
are proposed for the visualization of both schedule and stakeholders
relationships changes. They are based on the application of the spring
image used in mechanics to the visualization of the project’s dynamics.
The performance of the techniques is shown in examples. The results are
discussed and further research is outlined.

1 Introduction

Construction projects are very dynamic in nature. During the execution stage, many
changes are made. The success of a project depends highly on the quality of change
management [1]. In this paper we will focus on the management of changes in activity
scheduling (rescheduling) and in stakeholders relationships. These changes are very
important because they contribute significantly to project stability.

Construction schedules are often highly volatile during execution [2], especially at an
operational level [3]. There are different types of changes such as increasing or decreasing
activities’ expected duration, interrupting, postponing the start of an activity, as well as
adding new ones, e.g., rework in order to eliminate defects [4]. The need to make changes
is related to impossibility or inexpediency of following the original plan [2, 5]. It might be
due to changes in project requirements [6], poor execution requiring rework [4], delivery
delays, etc. [7, 8].

Changes in one activity cause changes in others which are directly or indirectly related
to it. In complex projects which are characterized by a large number of interrelated tasks,
multiple stakeholders and high uncertainty, changes even in one activity can lead to
significant ramifications for the project as a whole [4, 9]. These ramifications can be either
positive (for example, reducing the duration of a critical path activity decreases the duration
of the whole project), or negative, even up to failure [3, 4]. Failure is referred here as the
refusal to continue the project or significant time and/or cost overruns if the project has
been still completed [4].

An example of changes’ negative ramifications is work quality deterioration due to so-
called “schedule pressure” [4], i.e., deadline overreduction, which is a decision often used
to compensate for delays. Poor quality necessitates rework, the time lost on it is
compensated again by pressure on performers, which leads to new quality problems and,
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consequently, to the need for new corrections [4]. Thus, a “vicious cycle” occurs that can
destabilize the project and lead it to collapse [4]. Of course, such a development can be
prevented by increasing workforce, but such an increase faces a number of constraints, such
as lack of space [10, 11]. Other negative consequences of changes are related to violation of
stakeholders' own plans, which leads to inefficient resource allocation, conflicts [2], and
other problems.

Stakeholder relationships are also very dynamic. The list of stakeholders and their
attitudes toward other project participants and to the project as a whole change during
project realization. Tension and conflicts between stakeholders occur due to unmet
expectations, lack of resources, uncertainties, etc. Typically, after one problem has been
solved, there is a period of stability. Then, however, new problems occur, bringing a new
round of contention between stakeholders before resolution. In complex projects with
dozens and even hundreds of stakeholders (subcontractors, vendors, etc.) there are many
such cycles going on simultaneously with different rhythms. It makes the project
environment difficult to manage.

Managers should constantly account for and predict changes in stakeholders
relationships, because they significantly impact a project’s stability and effectiveness [12].
The low quality of stakeholders relationships management can lead to disastrous
consequences. It is proved to be one of the most important contributors to projects’ failure
[13]. As in the case of scheduling, in the sphere of stakeholder’s relationships “domino
effect” also takes place. C. Eden, T. Williams, F. Ackermann and S. Howick [3] illustrated
it with a simple but very expressive example in which too risky behavior of one of the
participants in an appartement’s interior facilities leads to big time and cost disruption. The
authors showed how a small problem, uncertainty about required sockets’ arrangement,
involves first this participant, then, gradually — almost all others into imprudent and
negligent performance.

Thus, project management effectiveness is largely determined by the quality of
decisions on changes in schedules and on stakeholders relationships management. In
complex projects, making such decisions is an extremely difficult task, since it requires
accounting for multiple stakeholders’ interests and expectations, rational allocation of
various resources, and forecasting the immediate and long-term consequences of the
decision [3, 4]. The situation is exacerbated by the non-linearity of factors affecting a
project. It means that the events that are insignificant individually may lead to large and
often hardly predictable consequences in the context of the whole project [4, 9].
Furthermore, it is difficult to formalize some factors, such as staff qualification and
motivation, so in practice they are taken into account by managers intuitively to a certain
extent.

2 Methods

One of the most effective approaches to facilitate decision-making is visualization.
Visualization allows to present large amounts of information in a quite simple, intuitive
form. There are many visualization methods used in project management [14, 15]. In
scheduling, the Gantt chart and network diagrams (used in CPM, PERT, GERT methods)
are the most common [15, 16]. Stakeholders’ interaction visualization includes such
methods as various types of graphs [12], “The Stakeholder’s Circle” [17, 18] and “The
Organizational Zoo” [17, 19].

However, the existing visualization methods are not convenient for the dynamic,
everchanging environment of real construction project execution stage. This drawback will
be described further and the new two visualization techniques will be presented as an
attempt to address this issue. The first technique is oriented to scheduling, the second one is
for stakeholders relationships visualization. Both are based on the same idea that springs
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images used in mechanics can be also convenient for construction dynamics representation.
This assumption stems from the natural ability of these images to create an illusion of
tension and relaxation which is important when making decisions.

“The spring chart” for scheduling visualization

The scheduling visualization methods are mainly aimed at visualization at the project
design stage, helping designers to create a process structure, allocate resources, identify
critical path, etc., and are not very convenient for rescheduling. Based on the schedule
created at the n-th change, it is impossible to find out anything about previous changes, as
well as about the degree of activities durations’ deviation from the initial schedule. That
contributes to making decisions without taking into account previous changes. For example,
if one needs to reduce the backlog, he/she may decide to increase schedule pressure, while
it is already critical due to the early decisions. This can lead to project destabilization by
“vicious cycle”, as described earlier [4]. Thus, it is necessary to develop visualization
methods with “accumulation”, in which each new graph reflects the “trace” of previous
changes and deviations from the original plan.

As such a method, the Gantt chart modification is proposed by the author, in which each
activity-representing bar is replaced by the image of a spring used in mechanics (Fig. 1).
This image is a simplified projection of a real spring on a plane parallel to its axis. This
projection is a jagged polyline (the projection of a cylindrical helix - spring’s geometric
shape). The distance between the spring’s start and end points (“axis length”) is
proportional to the activity’s duration (7), similar to the length of a bar in the Gantt chart.
Therefore, it can be denoted just as  and measured conditionally in units of time (‘“months”,
“days”, etc.), implying the corresponding spatial units (e.g., “month” may mean 1 cm of
“axis length”). The same applies to other spatial parameters in the chart — all of them will
be conditionally expressed here in the corresponding time units. The distance between the

nearest intersection points of a “spring” with its own axis (“step” X,) is constant. It is

convenient to make the step equal to a duration unit. The “teeth” of the spring (the turns of
the helix in the projection) alternate staggered on the sides of the axis. The distance
between the axis and the teeth’ vertices (%) is constant, the projection of a vertex on the axis
divides a step in half. In the original graph, the angle at the top of the teeth is 90° (Fig. 1a),
which is meant to be perceived as equilibrium. At the first change in the graph, the springs
are “compressed” and “stretched” - a step decreases/increases in proportion to the

reduction/increase in the activity’s duration (Fig. 1b). For the second change, X, and ¢, is

assigned the values of the step and duration after the first change (respectively X, and ?,),

the resulting step and duration is assigned the index 2. Then the procedure is repeated, in
general we have an iterative process:

X, =X, —, i=1, 2,... )

where 7;, X; - respectively the activity duration and the step after the i-th change;

1y, X, - respectively the activity duration and the step in the initial schedule.

The spring’s shape (the number of teeth, “diameter”) remains the same, only axis length
changes, which creates an illusion of “compression” or “stretching”. The decision-making
manager can see which activities deviate from the original schedule and how much. This
helps him/her to determine which activities should not be reduced, since they have already
been significantly compressed, and which ones should be given a particular attention to due
to huge delay.
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Fig. 1. “The spring chart” technique for schedule dynamics’ visualization. Activity image in the form
of spring (instead of the Gantt chart’s bar): a) in the initial schedule; b) after the first change.

“The spring mapping” for stakeholders’ interactions visualization
The existing techniques for stakeholders relationships visualization can be divided into two
types.

The fist can be named “connections-oriented”. It abstracts from the stakeholders’ inner
properties (such as level of discontent, expectations, fears, behavioral pattern, etc.) and
represents just how stakeholders are connected with each other. “Connection-oriented”
techniques are based on graphs in which the nodes represent stakeholders and the edges
represent communications between them.

The second type can be named ‘“stakeholder-oriented”. Oppositely to “connection
oriented” techniques this type focuses on stakeholders’ inner properties and abstracts from
connections. An example of these techniques is “The Stakeholder Circle” in which
stakeholders are represented as the sectors of a circle. The stakeholder’s properties
(influence, urgency, engagement level, etc.) are shown by position of the sector, its color
and pattern. Another example, “The Organizational Zoo”, is an ingenious technique which
represents stakeholders as animals (lions, mice, unicorns, etc.), to give a quick insight into
their behavioral pattern. Though quite comical, at first glance, such approach proved to be
useful in naming participants in stock market (“bulls”, “bears”, etc.) [20] and political
sphere (“hawks and doves”, “hedgehogs and foxes”, etc.) [21].

The existing techniques have the common drawback that they are not convenient when
stakeholders relationships change frequently. From the graphs as well as from “The
Stakeholder Circle” it is difficult to get the history of stakeholders properties’ previous
states. And it is funny to imagine a lion turning into a sheep in “The Organizational Zoo”.
In order to create the visualization tool that would be able to give a deeper insight into the
dynamics of stakeholders relationships, the same idea of the spring image implementation
was used (Fig. 2).
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Every stakeholder is represented as a spring. The level of “a spring’s tension” (i.e., the
step’s length) is proportional to the psychological tension of a person (Fig 2a). In simplified
model there can be 3 states — equilibrium, anxiety and half-reassurance. Equilibrium takes
place when work is going on as planned and there is nothing to stop it, as well as there are
no conflicts between stakeholders. Anxiety emerges when some problem occurs, e.g.,
shortage of materials or a conflict between stakeholders. Half-reassurance usually takes
place after the problem has been solved but temporarily or partly. Equilibrium can be
represented as the spring with the 90° angle at the top of the teeth, anxiety — as the spring of
the same length (as the person is the same), but with the step three times shorter than
equilibrium, and half-reassurance - the same length and two times shorter than equilibrium.
The mapping is rendered by connecting the interacting stakeholders’ springs at one point.
In the Fig. 2b the map of 5 interacting stakeholders is shown. The stakeholders 1 and 2 are
anxious (maybe they are in conflict with each other), the stakeholders 3 and 4 are in
equilibrium state and the stakeholder 5 is half-reassured.

a) b)
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5

Fig. 2. “The spring mapping” technique for stakeholders relationships’ dynamics visualization.
Stakeholders are represented as springs which “tension” corresponds with their psychological tension
(a). Springs representing interacting stakeholders join together at one point (b).

3 Results

The performance of the new visualization techniques is shown in two examples. The first
example is an arbitrary schedule consisted of 5 activities, and “the spring chart” is used to
visualize its dynamics during execution. The second example is a case described in [3] in
order to illustrate the idea of “domino effect” in construction. “The spring mapping” is used
to visualize the stakeholders relationships development in this case.

“The spring chart” implementation (an example)

As mentioned above, the schedule consists of 5 activities. According to the initial plan
(Fig. 3 above), Activity 1 lasting 4 months opens the project, Activities 2 (5 months) and 3
(3 months) begin immediately after the end of Activity 1, Activity 4 (3 months) follows
Activity 3, and the final Activity 5 (4 months) begins only when all the previous ones are
completed. The step for all activities is assumed to be 1 month. During the Activity 1
execution, it was found that productivity had been overestimated and the expected
completion of Activity 1 would not be 4, but about 6 months. That necessitates
rescheduling in order to prevent the overall project deadline’s disruption. The graph after
the change is shown at the bottom of Fig. 3. To alleviate risks, it was decided to reduce the
duration of the activities which follow Activity 1 directly: Activity 2 - from 5 to 4 months,
Activities 3 and 4 - from 3 to 2 months. The corresponding steps after the change are
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(according to the equation (1)): Activity 1: 1x(6/4)=1x1,5=1,5 (months); Activity 2:
1x(4/5)=1x0,8=0,8 (months); Activities 3, 4: 1x(2/3) =0,66 (months).
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Fig. 3. “The spring chart” visualization technique implementation (an example). At the left — the
traditional, at the right — the modified Gantt chart. At the top — the original plan, at the bottom - the
plan after rescheduling.

“The spring mapping” implementation (an example)

C. Eden, T. Williams, F. Ackermann and S. Howick [3] used an interesting example to
explain how small disruptions can lead to great ramifications. This example, illustrated with
“the spring mapping” technique, will be presented further (Fig. 4).

There is a goal to make some modifications to a bedroom, kitchen and bathroom. At the
onset one person works in each premise — a carpenter in the bedroom, a plumber in the
kitchen and an electrician in the bathroom. There is enough space to everybody, all know
what to do and have everything needed, so the activities are going on as planned and
everybody is calm. This state of “equilibrium” is shown in Fig. 4a. Alongside with the 3
springs representing the already known participants, there is the fourth spring which
represents a consumer, who also plays a role of manager in this case.

Suddenly the situation changes. The carpenter realizes that he can’t finish his work in
the bedroom (the floor), because some cables are supposed to be laid under it, but the
manager hasn’t provided any information needed to do it. The carpenter becomes uneasy
(Fig. 4b). After the futile attempts to force the manager, the carpenter decides to take a risk
and makes a part of the remaining floor accordingly to his own intuition. As it is only a
trade-off, he remains somewhat anxious, though less than before (Fig. 4c).
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Fig. 4. “The spring mapping” visualization technique implementation (an example). a-i - the 9
successive participants’ psychological states. C — the carpenter, P — the plumber, E — the electrician,
M - the manager, F — the carpet fitter, BD — the bedroom, K — the kitchen, BTH — the bathroom.

Having nothing to do more in the bedroom, he goes to the kitchen to fit the furniture.
But as he has left the bedroom earlier than planned, there is the plumber still working in the
kitchen. A conflict between two occurs (Fig. 4d) since overcrowding impedes normal work.
Finally, the plumber concedes but both are still quite discontent due to inconvenient
conditions (Fig. 4e).

The situation exacerbates when a new worker, a carpet fitter, arrives expecting the
bedroom floor completed. He gets angry when he sees that it is not the case, and the
conflict between him and the carpenter occurs (Fig. 4f).

The carpenter has to persuade the electrician to leave his work in the bathroom and to
lay the cabling in the bedroom intuitively. This trade-off causes a half-reassurance for the
carpenter and the carpet fitter, but makes the electrician angry (Fig. 4g). This point is
interesting, because now all the participants are uneasy to one extent or another.

After completing the cabling in the bedroom, the half-reassured (not fully, as there is
doubt about the result’s correctness) electrician comes back to the bathroom. The carpenter
leaves the kitchen (in the plumber’s relief) and finishes the bedroom floor. This situation is
shown in Fig. 4h.

Finally, the carpenter comes back to the kitchen, the tension between him and the
plumber resumes. The carpet fitter is still quite nervous, as he has to begin his work with
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stricter schedule than he expected. The electrician is still anxious about the very possible
necessity of rework. This final state is shown in Fig. 4i.

The consequences are predictable — “the carpet fitter charges for time wasted, and also,
even though the electrician is competent and experienced, he misses out a part of his work
in the bathroom” [3], “the final delivery of the contract got squeezed, and so more staff
were called in, resulting in overcrowding - so slower working, and having to learn about
both house and contract - time wasted, and, the guesses made by the carpenter and
electrician were wrong and so rework resulted” [3].

4 Discussion

“The spring chart” provides insight into the inclination from the initial schedule when
deciding on changes. For instance, if in the project shown in Fig. 3 the further reductions in
the activity duration are necessary, it will be easy to see from the last graph (Fig. 3 bottom-
right) that Activities 3 and 4 are reduced most strongly, and it might be more rational to
compress Activity 2 or even 5.

Besides, comparing the graphs obtained as a result of a number of consecutive changes,
one can get insight into the dynamics of activities durations’ changes. In particular, it can
facilitate identification of the most volatile activities (the variability of the expected
activity’s finish may be caused by frequent occurrence of defects). This is especially
important if the similar projects are planned in the future, since studying a "history of
spring fluctuation" can contribute to more accurate assessment of the activity duration and
risks at the project design stage.

“The spring mapping” allows project managers to understand the current psychological
state of stakeholders as well as how it has been changing before. From the example shown
in Fig. 4 one can instantly perceive that the situation is far from stable, because all the
contractors are stressed (Fig. 4i), and that a disaster is up to appear. One can also see what
has led to this state - by tracing the previous graphs. In particular, it is clear that the
problem is connected with the carpenter’s uneasiness and with the manager’s refusal to deal
with it. So, a project manager finds out quickly on whose activity he/she should concentrate
on.

Worth noting that the examples given are very simple. It is unlikely that making
decisions on changes in such cases might cause any problem, even if there is no special
visualization tools. The proposed techniques focus mainly on the far more complex
projects, such as nuclear power plants construction, in which there are thousands of
activities and hundreds of stakeholders. In particular, it is doubtful that “the spring
mapping” will be applicable at the operational level, but at the tactic and strategic levels, in
which not individuals but organizations are considered as stakeholders, it seems promising.
The simple examples are given here only for illustrative purposes.

Although the proposed techniques are apparently more suitable for managing changes,
they can’t replace the existing techniques in every case. For instance, “the spring chart” is
much “heavier” representation than the Gantt chart with simple bars. So, to ease perception
when the activity’s inclination from the initial schedule doesn’t matter, it seems appropriate
to create the special software tools allowing a user to switch from one type to another. “The
spring mapping” may be too laconic in comparison with the existing techniques like “The
Stakeholder Circle”. In order to add another data about stakeholders, the special interface
with drop-down boxes and hyperlinks might be useful. Besides, the integral techniques
should be developed, e.g., drawing “the springs-stakeholders” right upon the sectors in
“The Stakeholder Circle”.

In addition to the ways of further research mentioned above (related to the software
development and the integration with the other techniques), it is necessary to test the new
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techniques in real practice. In particular, the correlation should be studied between the
geometrical changes in representation and the corresponding changes in perception.

5 Conclusions

The main result of the study is two techniques for the visualization of project dynamics.
The first technique named “the spring chart” is the Gantt chart modification, which
facilitates taking into account previous changes during rescheduling. The second technique
named “the spring mapping” is the way to represent stakeholders relationships through
depiction of their psychological state. In both techniques the image of spring used in
mechanics is applied as a metaphor.

In “the spring chart” springs replace the bars representing activities in the traditional
Gantt chart. The springs are “compressed” or “stretched” according to the changes in a
schedule. Such representation contributes to intuitive understanding of an activity
duration’s degree of deviation from the initial schedule. This is important for deciding the
duration of which activities should be changed and how much.

In “the spring mapping” technique springs represent stakeholders. A spring
“compresses” when a stakeholder is uneasy due to some problem and “relaxes” when there
is no problems. The extent of perceived compression is proportional to a stakeholder’s
psychological tension. This representation facilitates the perception of changes in
stakeholders’ relationships because it abstracts unnecessary details of the situation and
shows only the most important (in terms of project stability) feature — the level of a
stakeholder’s satisfaction. Simple representation is expected to be especially effective in the
complex projects with strict schedule, because making decision on stakeholders
management is very difficult there but should be done quickly.

The proposed techniques can improve the quality of decision-making in dynamic
construction project environment. It is especially important for complex projects where
incorrect decisions may lead to critical consequences. Besides, they can become a
convenient tool (a kind of illustration) when analyzing a "project history", which is
especially important when the similar projects are planned.

Despite of the techniques’ advantage for representing changes, they have the drawbacks
related to some visual complexity and lack of data. These drawbacks might be overcome by
integration with the existing techniques. Besides, the development of special software is
needed to make the techniques’ implementation convenient.
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