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Abstract
Many companies face disturbances during projects either from internal or external sources. This
study focusses on the impact of disturbances on project outcomes in an Agile Scrum environment.
Agile Scrum is a project management framework used to reduce disturbances and optimize project
efficiency. However, it is not always possible to prevent disturbances. Two project outcomes are
analyzed, the team level outcome team performance and the individual level outcome mental
fatigue. Furthermore, the moderating effects of time pressure, temporal planning and temporal
leadership on the relationship between disturbances and project outcomes are analyzed. A
longitudinal survey research has been conducted at TomTom NV Custom Systems Eindhoven
including 89 respondents in 8 different teams. Each of these teams follow the principles of Agile
Scrum for project management. A multilevel modelling approach is used to analyze the
relationship between the observed variables, resulting in theoretical and practical implications.
Based on the results it can be concluded that disturbances do have a negative impact on team
performance and mental fatigue levels of individuals. Applying temporal leadership techniques
proves to be a positive moderator on the relationship between disturbances and team performance.
Furthermore, temporal leadership showed a positive main effect on mental fatigue levels. These
implications are discussed into detail and some directions for further research are presented in this
study.
Keywords: Disturbances, team performance, mental fatigue, time pressure, temporal planning,
temporal leadership, agile, scrum
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Management Summary
In this research, the effects of disturbances on project outcomes have been analyzed for teams
which are following the principles of Agile Scrum. Next to this direct effect, this study analyzes
the moderating effects of time pressure, temporal planning and temporal leadership. Previous
research indicates that disturbances can have a negative effect on project outcomes. Agile Scrum
is a successful method for streamlining projects and reducing disturbances. However, it is not
always possible to prevent disturbances in any situation. These disturbances may not only
influence team performance in a negative way but also team members’ mental fatigue levels.
Mental fatigue reflects someone’s psychophysiological state due to sustained performance. Mental
fatigue arises when a team member has insufficient time to recover from his job. High levels of
mental fatigue can result in exhaustion and failure in work, which is negative for the performance
of the team and the well-being of the individual. It was assumed that time pressure could have a
magnifying effect on the relationship between disturbances and both project outcomes, since time
pressure results in less available time to cope with disturbances. Assigning someone the role of
temporal leader is believed to be beneficial for team performance. A temporal leader synchronizes
the team members in their work by assisting in planning practices and reminds them about
important deadlines. In this study, we expected that temporal leadership and temporal planning
have a mitigating effect on the relationship between disturbances and both project outcomes.
89 people in 8 different teams were asked questions throughout the sprint regarding the
different subjects. Each team has been studied for three subsequent sprints. Some teams organized
their projects in sprint cycles of two weeks and some in cycles of three weeks, meaning that teams
were analyzed for six or nine weeks in total.
Most noticeable is that we can endorse from this study that disturbances do indeed
influence project outcomes in a negative way. Higher levels of disturbances lead to lower levels
of team performance and higher reported levels of mental fatigue. This indicates that it is
meaningful to invest energy in preventing disturbances, for example by making use of Agile Scrum
principles. This validates that TomTom’s efforts in implementing Agile Scrum is not a waste of
resources. However, in some situations it is unavoidable to prevent disturbances from happening.
This study denotes that in those situations the importance of good temporal leadership should not
be neglected. Team performance benefits from strong temporal leadership when projects phase
disturbances. Temporal leadership involves the planning and prioritizing of tasks and reminding
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team members about deadlines. A temporal leader should bear in mind that projects can encounter
contingencies and irregularities. Ideally, disturbances which could happen are predicted upfront.
Formulating some standardized regulations for most common disturbances makes it easier to cope
with those disturbances and more likely to reach the project goals despite the irregularities.
Another noteworthy finding from the analysis was that team size does affect project
outcomes significantly. A larger team results in lower team performance and higher levels of
mental fatigue. In this research, a team consisting of more than ten people was considered large.
Therefore, we suggest that large teams should be split when possible to prevent the negative effects
on project outcomes. However, splitting teams is presumably associated with more intensive
coordination and planning to synchronize the work which is divided over the two teams. Lastly,
we found that it is hard to express team performance into a measurable value. The finished story
points visualized in the management dashboard do not correlate with the performance reported by
the respondents, although story points do indicate a certain workload. It is important to be aware
of this phenomenon to prevent perceptual incongruence about the performance of teams.
The findings from this thesis contribute to current research. Extensive research has been
done to the effects of disturbances, temporal leadership, temporal planning and time pressure on
project outcomes such as team performance and mental fatigue. However, few of these studies
analyze the effects of disturbances in companies who use an Agile Scrum approach for projects.
This makes sense because Scrum aims to eliminate disturbances as much as possible. However,
there are companies where disturbances are unavoidable. The other merit of this research is that it
not only focused on the performance of the teams, but also on the mental health of the people in
the teams. Team performance is an important measure for most companies, since profit is made
with the output from the teams. However, when a company does not see that fatigue among team
members is high, despite the good performance of these teams, the long-term effects can become
negative. We can conclude from this study that strong temporal leadership can be an effective tool
to reduce mental fatigue among team members.
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1. Introduction
Imagine a project where the project team knows all the requirements for the project upfront. The
team members make a plan together and start working on what they have agreed upon. After a few
weeks, the project is finished just as planned without any problems and delays. This sounds like a
perfect scenario, just as the textbooks tell us how projects should go. However, real life projects
do usually not run as smoothly as the scenario sketched above. Most projects face various forms
of disturbances and schedule changes due to several internal and external incidents each with their
own implications on project outcomes (e.g. Blount & Janicik, 2001; White, 2006). Software
companies even embraced a specific method for reducing disturbances, called Scrum. Scrum is
built upon so called ‘sprints’ that are iterating cycles in which a predetermined set of requirements
is finished. One of the basic rules of Scrum is that requirement changes during sprints are not
allowed. This should reduce uncertainty and hence, improve team performance. New requirements
that come up during a sprint are postponed to the next sprint (Leffingwell, 2011). This ensures
efficient working cycles and at the same time it also allows for frequent changes, since the duration
of a sprint is usually not longer than 3 weeks. However, many companies face difficulties with
forwarding requirements, since suppliers and customers are not always willing to agree on the
postponement of deadlines. This creates a dilemma for companies since they want to be efficient
at the one hand but loyal to their customers and suppliers at the other hand. The impact of allowing
disturbances during a sprint instead of postponing the extra tasks is not thoroughly studied.
Although there is little research about the actual effects and implications of disturbances on
project outcomes, many studies on disturbances embrace the idea that irregularities during a
process are negative and should be avoided (e.g. Little, 2005; Tanner & Mackinnon, 2015). This
research will focus on a particular type of disturbances: the disturbances caused by changing
requirements from external sources. This type of disturbances may lead to several temporal
complexities such as schedule changes and an increase in time pressure. This could potentially
affect project outcomes negatively when not properly managed. Therefore, this study looks at the
effects of temporal planning and temporal leadership, which can help to manage temporal
complexities. Temporal planning and temporal leadership are believed to improve temporal
awareness which can assist teams in coping with temporal complexities (Gevers, Van Eerde, &
Rutte, 2009). This can create a buffer to cope with disturbances. Temporal leadership includes all
proceedings related to temporal complexities in order to improve temporal awareness among team
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members (Ancona, Goodman, Lawrence, & Tushman, 2001; Van Der Erve, 2004). Extensive
research has been done to the effects of temporal leadership and many researchers indicate that
temporal leadership can have a positive effect on project outcomes when teams are facing temporal
complexities. Temporal planning is one aspect of temporal leadership and can be defined as the
process of estimating the time to complete tasks and subtasks (Gevers, 2004). In this research, we
focus on the under-exposed effects of disturbances on project outcomes and the moderating effects
of time pressure, temporal planning, and temporal leadership on this relationship. This research is
conducted in a Scrum environment in which the main focus is on reducing disturbances and
research claims that this improves performance (Mellor, 2005). This results in the following
problem statement.
Little is known about the effects of disturbances during sprints in Agile Scrum project
management and how these effects should be treated by the management. Will disturbances harm
project outcomes and is this relationship influenced by time pressure, temporal planning, and
temporal leadership? What can managers do to buffer this potential detriment?
The decision has been made to focus not only on the direct effects of disturbances on project
outcomes but also on the moderating effects of time pressure, temporal planning, and temporal
leadership on this relationship. How these effects interact with each other is hard to predict since
the impact of temporal aspects on project outcomes already proved no unambiguous relationship
(e.g. Blount & Janicik, 2001; Gevers, 2004; White, 2006). Furthermore, the research focusses on
two project outcomes, the team level outcome team performance and individual level outcome
mental fatigue. Team performance is defined in this study as the collective opinion of the team
members about deliverables quality and team success during a sprint. The individual level outcome
mental fatigue represents reflects someone’s psychophysiological and can be seen as an essential
indicator of individual performance (e.g. Henning, Sauter, Salvendy, & Krieg, 1989; Linden, Frese,
& Meijman, 2006) and is therefore included for analysis as a second project outcome. Based on
the problem statement, the following research question is constructed.
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What are the effects of sprint disturbances in an Agile Scrum environment on individual
level and team level project outcomes and how is this relationship affected by time pressure,
temporal planning, and temporal leadership?
These effects have been analyzed in a longitudinal survey study at TomTom NV
Eindhoven. This company embraced the principles of Scrum for their project management, which
made it a suitable company for the aim of this study. A multilevel approach was used to analyze
the outcomes of the survey research, to distinguish between team and sprint related effects.
The relevance of this research expresses itself both in practical relevance as in scientific
relevance. Disturbances are sometimes hard to predict and prevent. This research is aimed to get
insight about the effects of disturbances in an Agile Scrum environment and the implications on
project outcomes. Directives will be presented which can help companies to cope with
disturbances. Next to the practical relevance, this research also includes a significant scientific
contribution. Although extensive research has been done regarding the observed variables in this
research, none of these studies analyzed the moderating effects of these variables on the
relationship between disturbances and project outcomes. Furthermore, none of these studies was
conducted in an Agile Scrum environment. This is a relevant and fresh approach, since most studies
regarding Scrum only focus on reducing disturbances (e.g. Tanner & Mackinnon, 2015) instead of
considering the implications of disturbances. Altogether, the lack of research to the effects of
disturbances on project outcomes in an Agile Scrum environment, together with the moderating
effects of temporal leadership, temporal planning and time pressure indicates a clear research gap
in current literature.

1.1.

Thesis outline

The remainder of this research is structured as follows. In chapter 2 all literature will be discussed
regarding the stated research objective and the hypotheses for this research will be proposed. In
chapter 3 the method is described with every step involved. In chapter 4 the results of the analysis
will be discussed followed by the implications in chapter 5. Lastly, the conclusion will be presented
in chapter 6 to conclude this thesis report.
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2. Theoretical Background & Hypotheses
In this chapter, the different variables will be introduced which are analyzed in this research
followed by hypotheses regarding their relationship with the project outcomes. The conceptual
model in the last paragraph visualizes the relationships which will be tested in chapter 4.

2.1.

What are Disturbances?

Disturbances are unexpected events and irregularities surrounding a project either from an internal
or an external source (White, 2006). Although Scrum aims to minimize disturbances (see appendix
1), many companies do still experiencing various types of disturbances on a frequent basis.
According to White (2006) internal disturbances such as an underestimation of resources can be
dealt with by normal management structures, provided they are effective. Therefore, this type of
disturbances is usually not associated with complicated problems for a company. Far more
disruptive are the external disturbances such as changing requirements from customers and
suppliers. These kind of disturbances can lead to unanticipated schedule changes, resulting in
coordination problems for the projects (Janicik & Bartel, 2003). When Scrum is exactly followed
to the rules of the agile manifesto (Fowler & Highsmith, 2001), which includes the scrum
guidelines, not a single change in tasks and requirements is allowed during a sprint. Schedules and
budgets are usually predetermined, which makes it hard for companies to cope with unexpected
changes. However, in some situations customers and suppliers demand these changes which can
lead to complexities. Ideally one would recognize certain types of behavior from external sources,
such that these events could be predicted or prevented. White (2006) suggests that predicting such
events will make it more likely that project goals can still be achieved despite the disturbance.
Formulating standardized regulations for certain events which are likely to occur could help
companies in coping with disturbances from external sources. Unfortunately, predicting these
events is difficult and sometimes not even possible.

2.2.

Effect of Disturbances on Team Performance

Disturbances can have various effects on both individual level outcomes and team level outcomes.
The team level project outcome analyzed in this research is named team performance and is defined
as the collective opinion of the team members about the deliverables quality and team success
during a sprint. This type of disturbances usually results in timing changes such as changes from
5

existing schedules, routines, expectations, and plans (Blount & Janicik, 2001). Facing disturbances
on a continuing basis could be disruptive for project planning and team-members’ motivation when
not properly managed. Tasks will have to be postponed, which may eventually result in deadline
delays. This may lead to extra pressure on the team as a result of the increased number of tasks.
These tasks need to be fit in the schedule for the upcoming weeks due to disturbances during the
previous weeks. An insufficient amount of slack time or resources when extra tasks arise results in
teams who have to work harder and faster. This gives the team members less time to focus on their
job which will likely not benefit the quality of the deliverables and might even result in unfinished
tasks.
It can be concluded that disturbances can have a negative effect on project outcomes in
several ways and that it is likely to put more pressure on the team. How this is related to
performance can be illustrated with the iron triangle of project success (Atkinson, 1999). Atkinson
states that project success is determined by three basic criteria; quality, cost and time (see figure
1).

Figure 1: Iron triangle (Atkinson, 1999)

In a perfect world one would strive to achieve superior quality, for minimized cost and time. The
iron triangle however presents a more realistic approach on project success. This theory for project
management states that errors are not necessarily doing something wrong, but can also mean that
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something is not done as good as it could be (Atkinson, 1999). This also implies that the three items
are related to each other. An increase in needed resources for one of the items, automatically results
in a shortage in resources for one of the other items. This indicates for example that a decrease in
deliverables quality is likely to occur when more time is needed because of disturbances, but the
budget for the project stays the same. Therefore, we propose that disturbances have a negative
effect on team performance.
Hypothesis 1: External disturbances relate negatively with team performance.

2.3.

Effect of Disturbances on Mental Fatigue

Mental fatigue is the individual level project outcome and reflects someone’s psychophysiological
state due to sustained performance (Linden et al., 2006). On- and off job demands and tasks require
a certain input from a person. A more demanding job situation will lead to a higher or longer lasting
required level of activity. Employees need to put more of their energy and resources in the task to
keep on track. This high required level of activity, together with a shortage in recovery time will
eventually lead to an increase in mental fatigue (Sonnentag & Zijlstra, 2006). Eventually this can
lead to stress or illness when someone is not able to recover from his efforts (Maslach, Schaufeli,
& Leiter, 2001). These researchers state that people with a high level of mental fatigue are likely
to make more mistakes, perform worse and have more chance to end up with a burnout. It can even
affect private life negatively because fatigued people are more likely to cancel social activities and
sports, in exchange of passive leisure types such as watching television. Therefore, it is relevant to
not only analyze the performance of the team, but also the mental health of the individuals. It might
be possible that a team is performing quite well on paper, but many members of that team are
overworked and fatigued. This will result in high team performance on the short term, but it is
potentially bad for the team on the long run.
Each person reacts different on unexpected events such as external disturbances. Teams
who are experienced in working together might have developed some routines and behaviors they
turn to when unexpected events occur (Lewis, 2003; Wegner, 1987) but unexperienced teams can
have trouble adopting to these changes. Furthermore, teams consisting of team members with
higher cognitive abilities are likely to adapt better to unexpected events (LePine, 2005).
Disturbances can disrupt the focused attention of an individual when there are many other activities
7

to perform (Jett & George, 2003). For individuals, these schedule changes can lead to hasting or
delay, which is believed to be unfavorable for most projects. This may have negative consequences
for an individual to the extent that disturbances will result in time shortage for tasks with a tight
deadline resulting in feelings of stress and anxiety associated with the heightened feelings of time
pressure. Eventually this can lead to a disturbance in someone’s involvement in the task. To prevent
exhaustion, individuals need to regulate their effort expenditure and take time to recover. However,
it is hard to do this a when projects are facing disturbances and changes regularly. These events are
likely to cause extra work for the team members, reducing their available time for recovery.
Moreover, the accompanying schedule changes and work interruption appeals on cognitive
capacities which might result in fatigue. Therefore, we propose that more disturbances lead to an
increase in mental fatigue, hence being a positive correlation.
Hypothesis 2: External disturbances have a positive correlation with mental fatigue.

2.4.

The Moderating Effect of Time Pressure on the Relationship between
Disturbances and Team Performance

Time pressure arises when the available time for a task is perceived to be insufficient and the
violation of the time limit is known to lead to sanctions (Rastegary & Landy, 1993). This means
that time pressure is affected by the amount of time which is needed by a certain task and the
amount of time which is available for the task. Time pressure can either have a positive or negative
effect on decision quality and team performance, depending on factors such as the quality
requirements of the job and the way that people interact with each other (Karau & Kelly, 2003).
Chong, Van Eerde, Chai, & Rutte (2011) concluded in their research that time pressure, together
with good leadership can work as a stimulant for effective teamwork and team performance. When
time pressure is optimally matched with the requirements of the task, performance should be
highest. However, when the amount of pressure on the team is pushed beyond this optimal point,
performance will decrease. This optimum depends on the requirements for the project such as
quality and cost requirements. Again this can be illustrated with the iron triangle of project success
(Atkinson, 1999). Looking at this tradeoff triangle shows us that if we want to maintain a similar
quality for the project deliverables in a shorter amount of time, the costs will have to increase.
However, since budgets are mostly a predetermined constraint in many companies, a shortage in
8

time will likely result in a decrease in quality. Disturbances and time pressure are likely to be
related to each other in most situations since disturbances usually result in less time for the initially
scheduled tasks. Furthermore, the impact of these disturbances is possibly even more disruptive
when time pressure is already high, since this gives less room in the schedule to assign some work
to team members for contingencies and extra unexpected work. Therefore, we propose the
following hypothesis.
Hypothesis 3: Time pressure magnifies the negative relationship between disturbances and team
performance.
As noted before, time pressure can have varying effects on team members’ performance.
An increase in time pressure can improve individual performance because it forces them to focus
only on the most salient features of the group interaction and the final task (Karau & Kelly, 2003).
This will result in more efficient decision-making, but it can also result in poor judgement when
problems are complex. Although multiple studies pointed out that the effects of time pressure can
be either positive or negative, depending on the circumstances (Chong et al., 2011; Karau & Kelly,
2003), none of those studies included the effects of disturbances and uncertainty. High pressure
from work is a major reason for mental fatigue (Zijlstra & Sonnentag, 2006) and disturbances and
time pressure could have a magnifying effect on this. The combination of unexpected disturbances
and time pressure can impede team members from getting sufficient recovery from work. Like the
moderating effect of time pressure on the relationship between disturbances and team performance,
it can be expected that a similar moderation will appear with high levels of time pressure increasing
the negative impact of disturbances on someone’s well-being. High levels of time pressure
presumably make it cumbersome for team members to cope with disturbances, hence resulting in
higher levels of mental fatigue. This could make it a perfect cocktail for increased levels of mental
fatigue among team members. Therefore, we propose the following hypothesis.
Hypothesis 4: Time pressure magnifies the positive relationship between disturbances and mental
fatigue.
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2.5.

The Moderating Effect of Temporal Planning on the Relationship between
Disturbances and Team Performance

Temporal planning can be defined as the discussions about relevant temporal issues when teams
face complex tasks that extend into weeks or months, including discussions of when certain actions
will occur, how long they will take, and other time-related contingencies (Janicik & Bartel, 2003).
Research from Gevers (2004) pointed out that planning relates positive to meeting deadlines under
certain circumstances. Meeting deadlines is an important aspect of overall team performance since
customers are likely to value the performance lower when a product is delivered too late.
Furthermore, temporal planning is proven to be positively related with task performance (Janicik
& Bartel, 2003). Planning results in shared cognitions about the temporal aspects of the job. These
shared temporal cognitions will have a lasting effect on how group members interact to accomplish
their tasks. According to Bartel & Milliken (2003), these shared cognitions on time and tasks are
beneficial in work groups. They propose that shared cognitions on time are particularly beneficial
for groups that face intense coordination demands, associated with complex, interdependent tasks
requiring a specific output by some deadline. Temporal planning could reduce the negative affect
of disturbances on team performance by scheduling time for contingencies. This could act as a
buffer for teams when disturbances occur. Therefore, the following hypothesis is stated.
Hypothesis 5: Temporal planning mitigates the negative relationship between disturbances and
team performance.
Temporal planning enhances time-based group communication, which will prevent people
from making the same mistakes again (Mohammed & Nadkarni, 2014). Time used for fixing
mistakes will likely be at the expense of time that otherwise could be used for recovery. Moreover,
good temporal planning reduces ambiguity about project requirements which makes it easier for
teams to prioritize and (re)schedule tasks. Clarity about requirements is likely to reduce feelings of
stress, hence leading to a lower need for recovery time. Furthermore, the improved time-based
communication could potentially lead to a better and more efficient working environment. This
results in both lower stress levels and more time to recover. Mental fatigue is more likely to occur
when people have no time to recover from work (Sonnentag & Zijlstra, 2006). Therefore, it is likely
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that temporal planning can reduce the negative effects of disturbances on mental fatigue. The
following hypothesis is proposed to test this relationship.
Hypothesis 6: Temporal planning mitigates the negative relationship between disturbances and
team performance.

2.6.

The Moderating Effect of Temporal Leadership on the Relationship between
Disturbances and Team Performance

Temporal leadership involves the coaching and guidance of a manager to increase temporal
awareness among team members (Ancona et al., 2001; Halbesleben, Novicevic, Harvey, &
Buckley Ronald, 2003). Temporal leaders focus on the temporal challenges within a team or project
and they aim to guide these teams and projects to success. Temporal leaders have a strong
awareness of these temporal complexities in an organizational setting. They should coach team
members in such a way that they can cope with the temporal complexities faced during their work
(Halbesleben et al., 2003; Mohammed & Nadkarni, 2011). Disturbances lead to temporal
complexities such as timing changes which will result in delays and hastening (Blount & Janicik,
2001). Although many researchers emphasize the importance of temporal coordination and
planning (e.g. Chong et al., 2011; Janicik & Bartel, 2003), Blount & Janicik (2001) argue that in
today’s business environment it is important that organizational actors are able to adapt their timing
in response to unanticipated events. Teams who are able to adapt can even turn disturbances into a
positive effects on team performance such as improving team-members notion of deadlines and
time (Blount & Janicik, 2001). Temporal leadership can guide a team to adapt in a positive way.
Moreover, good temporal leadership can lead to strong collective efficacy for the project at the
team level (Chen & Bliese, 2002). Teams with strong efficacy and shared cognitions about tasks
and time will enjoy benefits like enhanced coordination of task activities and team performance
(Mathieu et. al, 2000). The importance of a strong temporal leader is most obvious in companies
where strong alignment is needed between the different team members regarding schedules and
working pace (Mohammed & Nadkarni, 2011). However, temporal leadership is always a
precarious task. The right way to guide a team is complicated and depends strongly on the task and
the situation. At the one hand a temporal leader could serve a guidance role to the team, such that
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pacing styles are aligned and deadlines are met (Gevers & Demerouti, 2013). However, at the other
hand a manager should also allow team members sufficient time to think and to make mistakes.
Pushing team members too hard to finish on time, might come with negative consequences for the
quality of the deliverables in certain situations (Chong et al., 2011). Good managers know to find
a balance between these tradeoffs in order to reach their intended goals.
Tight deadlines, disturbances during the project and unclear goals are some of the many
causes of temporal challenges during a project. A temporal leader serves a role as someone who
schedules deadlines, synchronize team member behaviors and allocates temporal resources
(Mohammed & Nadkarni, 2011). These supporting factors of temporal leaders help teams to
structure and coordinate their tasks, and manage the pacing of task accomplishment in teams even
when disturbances occur during the project. Assisting teams in avoiding temporal ambiguity among
the team members reduces temporal conflict and increase team effectiveness. The impact could
even be more important when disturbances arise, since these result in many temporal complexities
such as disrupted work alignment and an increase in time pressure. Therefore, we propose that
temporal leadership has a mitigating effect on the negative relationship between disturbances and
team performance.

Hypothesis 7: Temporal leadership mitigates the negative relationship between disturbances and
team performance.
A manager can approach disturbances and changing demands in several ways. He or she can simply
decide to always agree with customer demands and just forward any extra task or change in demand
to the team. However, a manager can also decide to act as a filter between the customer demands
and the team capabilities. Saying no to a customer now and then might result in unhappy customers
or discussion about reasoning, but it might have positive effects on the performance of the team on
the long run. At the individual level, psychological strain can be reduced and role clarity can be
improved with good temporal leadership (Chen & Bliese, 2002). Intermediate levels of time
pressure, for example as a result of disturbances, can be tuned into a motivator for team members
to work efficiently such that tasks can be completed within the time constraints (Maruping,
Venkatesh, Thatcher, & Patel, 2015). This constant game of matching the demands of the
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customers and suppliers with the capabilities of the team members, together with finding the right
amount of pressure for the team such that they perform optimally but do not end up in a state of
total mental fatigue is the cutting edge of good temporal management. For the individual level
outcome mental fatigue, we propose the following hypothesis.
Hypothesis 8: Temporal leadership mitigates the positive relationship between disturbances and
mental fatigue.

2.7.

Conceptual Model

The previous paragraphs discussed the effects of disturbances on both project outcomes and the
moderating effects of time pressure, temporal planning and temporal leadership on this
relationship. A moderator is a variable that alters the direction or strength of the relation between
a predictor and an outcome (Frazier, Tix, & Barron, 2004). Each of the moderators have their own
specific effect on the relationship between disturbances and project outcomes. Furthermore, the
independent variable disturbances has different effects on both individual as team level outcomes.
These varying relationships between individual and team level outcomes are called mesorelationships. These are antecedents affecting both individual as team related outcomes (Mathieu
& Taylor, 2007). In this research, the independent variable disturbances has a meso-linear
relationship on both team level team performance and individual level mental fatigue. Furthermore,
there are some cross-level relationships of the three moderators on the relationship between
disturbances and the two project outcomes. Each of these moderators will influence these two
relationships in a different way.
Figure 2 presents the conceptual model for this study, based on the literature discussed in the
previous paragraphs. Each line includes a plus or minus sign to indicate the type of relationship.
For the relationship between the independent variable disturbances and project outcomes team
performance and mental fatigue, a minus indicates an anticipated negatively correlating
relationship and a plus indicates an anticipated positively correlating relationship. In this model, it
is assumed that an increase in disturbances will result in a lower team performance. Mental fatigue
at the other hand will likely increase when disturbances increase. For the moderators, a plus
indicates a presumed amplifying effect of the moderator on the relationship between disturbances
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and the project outcomes. A minus sign indicates a presumed reducing effect of the moderator on
this relationship. Temporal planning and temporal leadership presumably have a mitigating effect
on the relationship between disturbances and project outcomes and time pressure is expected to
amplify this relationship. The previous chapters discussed the reasoning behind these assumptions
in detail.

Figure 2: Conceptual model
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3. Method
In this section, we will first give a description regarding the design, context and the participants.
Next the procedure is discussed and the measures used. The final part discusses how the data will
be analyzed and how the data was treated before testing.

3.1.

Design

A quantitative empirical research approach was used for this study. This started with
defining the research objective by conducting exploratory interviews among several managers. The
information provided during these interviews was used to form the research question and testable
hypotheses. The design chosen to test the stated hypotheses in this research was a longitudinal
survey study with repeated measures. This is a type of research in which respondents fill out
questionnaires over a longer period of time with at least one of the variables being measured
repeatedly over different periods (Menard, 2002). Performing a longitudinal research made it
possible to analyze patterns of change and to establish the direction and magnitude of causal
relationships. This could lead to conclusions about the effects of disturbances on project outcomes
over a longer timeframe and not only a single moment. This will make the outcomes more relevant,
both for the company and scientifically. In this study, nested data structures were analyzed which
makes a multilevel data analysis the best way to analyze the data. During the survey research, team
members are analyzed for several sprints. These repeated measurements should be treated as nested
data with multiple observations nested within individuals (Peugh, 2010). The complicating factor
of nested data structures is that they violate the independence assumptions as required by traditional
statistical analysis such as ANOVA and ordinary least-squares multiple regression.
The multilevel analysis will test the relationship between disturbances and the project
outcomes team performance and mental fatigue. Furthermore, the moderating effects of temporal
planning, time pressure and temporal leadership on these relationships will be tested. The
multilevel analysis included two levels, with sprints (level-1) being nested in teams (level-2). By
using a multilevel approach, the influence of the teams and sprints is taken into consideration. It is
likely that the same teams show similar results over each sprint, since the project and team members
stay constant. Using multilevel modelling assures that these relationships are not ignored in the
analysis.
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3.2.

Context

The survey research is executed at TomTom NV Custom Systems in Eindhoven. TomTom is a
Dutch producer of personal navigation devices, maps and traffic information. TomTom has grown
from a Dutch-based start-up company for PDA software with navigation into a leading producer
of navigation and mapping products. With over 4600 employees worldwide and a turnover of 987
million euros in 2016 (Twilio, 2017), TomTom is one of the biggest players in their market. For
most consumers, the brand name TomTom is best known for their Personal Navigation Devices
(PND’s) from which they launched their first version in 2004. Since then, the company has
introduced several customer products such as GPS sports watches and action cameras, automotive
in-dash navigation systems, fleet-management and vehicle telematics solutions and licensing of
maps, software and online services. To make sure that these projects run smooth and efficient,
TomTom adopted the scrum methodology for software development.
TomTom’s office in Eindhoven includes around 200 people working on several projects
for suppliers and customers all over the world. At time this research was conducted the company
worked on a total of 14 projects simultaneously. However, the number of projects largely varies
over time. Each project has at least one team assigned to it, but some larger projects include
multiple teams each with their own responsibilities. The project management structure is as
follows:
•

The program manager who makes sure that a business environment is created and a
framework is established in which the project managers can execute their projects.

•

The project manager who is responsible for managing the efficiency, costs, schedule, scope,
and quality of the project and communication to the program manager.

•

The product owner who is managing the project backlog which includes discussing
requirements with the customer, refining features into user stories (see appendix 1) and
defining acceptance criteria.

•

The scrum master who assures that everyone involved in the project follows the rules of the
scrum methodology, removes any impediments and keeps the team focused.

•

The development team which contains all the people needed to get the job done technical
leads to test- and software- engineers.
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3.3.

Participants

Members from eight different teams were questioned for the research, resulting in a total of 89
respondents. Out of the 8 teams one is situated in India and one in Taipei. The other teams are all
situated in Eindhoven. Teams were at different phases of the project; some teams were in the
regular development phase and others were more shifting towards the aftercare and maintenance
phase. Teams were analyzed in several project phases, because each stage encompasses its specific
implications and complexities. Teams which were in the start-up phase of a new project were not
included since the requirements for projects in this phase are highly uncertain by nature, which
makes it rather nonsensical to analyze the effect of external disturbances. However, the main
reason why these team are excluded is that team members come and go in the start-up phase of a
project, because some skills are only needed for a very small part. This made it complicated to
perform a repeated measurements study on this group. Teams varied between 5 and 17 members.
Respondents fluctuated in age between 24 and 58 years, with an average of 36.1 years. Respondents
indicated that they worked in the IT sector for 2 to 35 years, with an average of 11.1 years. 85,3
percent of the respondents was male and 27% of the respondents had a more or less management
oriented role in the organization. The response rate during the survey study fluctuated between 77
and 33 percent. 2 respondents were excluded for research because they could not be assigned to a
specific group. Furthermore 4 responses were removed because these respondents only entered
zeroes as answers.

3.4.

Procedure

Longitudinal data was collected by sending questionnaires for a longer time span of three sprints.
A sprint is a timeslot of 2 or 3 weeks, which results in a survey period of 6 or 9 weeks depending
on the length of the sprints the teams use. Participants were informed about the research during a
daily standup meeting a week before the survey research started. Besides that, all project and
program managers were informed about the research a few weeks before the survey research
commenced. This was done by providing them with a 15-minute presentation during the 2-week
project management meeting. The presentation provided them with information about the subject
and the intended goal of the research without informing about hypotheses. Afterwards, the
management was given the opportunity to ask questions about the research. Furthermore, some
incentives were provided to the respondents to make them more willing to cooperate. Respondents
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were given cookies at the beginning of the research with a note about how grateful we were for
their participation. Next to that, the respondents had the chance to win one out of two Pathé cinema
vouchers when they completed all surveys sent to them.
Respondents were asked to complete the surveys at three critical moments during the sprint.
At the beginning, at the mid-point and at the end of the sprint. The number of questions has been
kept to a minimum to prevent people from quitting because of the workload. Different questions
will be asked depending on what is relevant at that point during the sprint. The questions are similar
for developers and managers.
•

At the start of the sprint some general questions were asked about the respondent (age,
experience, which team), to what extent they applied temporal planning strategies and how
much time pressure the respondents expected to experience.

•

At the midpoint, the respondents were asked questions about the time pressure they
perceived during this sprint, the disturbances they faced during the sprint and the temporal
leadership style of their managers. The last subject is similar for the managers, but here
they are asked how they apply temporal management strategies on their team.

•

At the end of the sprint similar questions were asked about disturbances and time pressure,
but now from a retrospective. Furthermore, the respondents were asked questions regarding
how they perceived the overall performance of the team and their feelings of mental fatigue.

Table 1: Observation moments and subjects

Start (T1)

Midpoint (T2)

End (T3)

•

Temporal Planning

•

Disturbances

•

Disturbances

•

Time Pressure

•

Time Pressure

•

Time Pressure

•

Temporal Leadership

•

Team Performance

•

Mental Fatigue

An overview of the survey questions is included in appendix 2.
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3.5.

Measures

Cronbach’s alpha was used to measure the reliability of the variables. This is a value
between 0 and 1, assessing the consistency of items. A higher score indicates a higher reliability.
The scores are used to validate the decision that certain items can be grouped into constructs. A
score of 0,7 is generally considered to be the lower bound (Hair, Black, Babin, & Anderson, 2010),
however in exploratory research a lower bound of 0,6 is also allowed. Cronbach’s alpha scores
have been calculated for each measure. The used measures for each category can be found in
appendix 2.
Disturbances was referred to as the changes in requirements from an external source after
the sprint planning is made. Five items were taken from Blount & Janicik (2002) and Sonnentag &
Zijlstra (2006) to measure disturbances at the midpoint (T2) and at the end of each sprint (T3).
Items included questions such as ‘Plans have changed substantially during the sprint’ and ‘Our
work suffers from the irregularities and turmoil surrounding the sprint’. A 5-point scale ranging
from 1) not at all to 5) to a great extent, indicated the magnitude and impact of disturbances.
Cronbach’s alpha for the scale was 0.92 which indicates a high reliability of the variables.
Removing any items is unnecessary with such a high score.
Temporal planning refers to the discussions about the relevant temporal issues when teams
face complex tasks that extend into weeks or months, including discussions of when certain actions
will occur, how long they will take, and other time-related contingencies (Janicik & Bartel, 2003).
Three items were taken from Gevers (2004) and Wonderlic (1992) to measure temporal planning
at the beginning of each sprint (T1). Items included questions such as ‘To what extent are the goals
for this sprint clear and comprehensible’ and ‘To what extent did your team timebox tasks’. A 5point scale ranging from 1) not at all to 5) to a very great extent, indicated the amount of temporal
planning involved during the sprint. Cronbach’s alpha for the scale was 0.608 which is just enough
to fulfill the lower bound criteria. Removing one of the items did not increase this score, therefore
all items are maintained.
Time pressure arises when the available time for a task is perceived to be insufficient and
the violation of the time limit is known to lead to sanctions (Rastegary & Landy, 1993). Three
items were taken from Gevers (2004) to measure time pressure at T1, T2, and T3. Items included
questions such as ‘We have to do too much work in the time available’ and ‘We experience time
pressure’. A 5-point scale ranging from 1) strongly agree to 5) strongly disagree, indicated the
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amount of time pressure expected by the team members. Cronbach’s alpha for the scale was 0.91
which indicates a high reliability of the variables. Removing items did not increase the score.
Temporal leadership involves the coaching and guidance of a manager to increase temporal
awareness among team members (Ancona et al., 2001; Halbesleben et al., 2003). Four items were
taken from Mohammed & Nadkarni (2011) with similar items for managers and team members.
Temporal leadership was measured at T2. Items included questions such as ‘To what extent did
you/did your supervisor remind team members of important deadlines’ and ‘To what extent did
you/did your supervisor urge team members to finish tasks on time.’ A 5-point scale ranging from
1) not at all to 5) to a very great extent, measured the level of temporal leadership. Cronbach’s
alpha for the scale was 0.74 which indicates a high reliability of the variables. Removing items did
not increase the score.
Team performance is defined as the collective opinion of the team members about
deliverables quality and team success during a sprint. Four items were taken from Kearney &
Gebert (2009) and and Zellmer-Bruhn & Gibson (2006). Items included questions such as ‘This
team achieved its goals’ and ‘This team made a great contribution to the company’. A 5-point scale
ranging from 1) strongly disagree to 5) strongly agree measure the perceived team performance at
T3. Cronbach’s alpha for the scale was 0.86 which indicates a high reliability of the variables.
Removing items did not increase the score.
Mental fatigue is defined as a change in psychophysiological state due to sustained
performance (Hancock & Desmond, 2000). Three items were taken from Schaufeli and
Dierendonck (2001). Items included questions such as ‘I felt mentally exhausted due to my work’
and ‘I felt tired when I got up in the morning and had a working day ahead of me’. A 5-point scale
ranging from 1) never to 5) always indicated the level of mental fatigue among team members at
T3. Cronbach’s alpha for the scale was 0.87 which indicates a high reliability of the variables.
Removing items did not increase the score.
Control variables. Two control variables were added to the analysis. Team size was added
to control whether the project outcomes were not simply related to the size of the teams, since team
size can have a negative effects on team performance (Espinosa, Slaughter, Kraut, & Herbsleb,
2007). A 3-point scale indicated whether a team was categorized small (less than five people),
medium (between five and ten people) or large (more than ten people). Furthermore, project phase
was included because the preliminary interviews pointed out that teams may encounter different
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problems during the development phase than during the maintenance phase which might affect
project outcomes. A 2-point scale indicated whether a team was in the development phase (phase
1) or in the maintenance phase (phase 2).

3.6.

Data Analysis

Teams were analyses for several sprints which resulted in longitudinal data with repeated measures.
This data is analyzed with multilevel modelling, also known as hierarchical linear modeling
(HLM). First a null model was estimated. This is an empty model without independent variables
which acts as a baseline. This model can be used as a comparison to the other models which include
independent variables (Hair et al., 2010). Model estimation fit was measured with the -2*log
likelihood (-2LL) value and this is used to compare the different models for change in fit. Two
different null models are estimated for both project outcomes; team performance and mental
fatigue.
First the independent variable ‘disturbances’ is added to the null model and the effect is
analyzed. If adding this variable improves model fit, the result will be a lower -2LL compared to
the null model. The significance of the contribution was tested with a two-sided t-test. A p-value
lower than .05 indicates a significant effect. Looking at the critical values for the chi-square statistic
(Field, 2009) with the change in degrees of freedom showed whether the added variable proves a
significant improvement to the model estimation fit.
Next, the control variables were added. Including the these shows whether the observed
influence on model quality should be contributed to the independent variable or to some other effect
related to one of the control variables.
The models to test the hypotheses are built upon the null model including the independent
variable disturbances and the control variables. In every next step, another variable is added to the
model to test for the effect on the estimation and model quality. First, the moderating variable is
added as separate direct independent variable, without checking for moderation. This shows the
main effect of the variable on the project outcome. The final step includes the moderating effect of
the independent variable on the relationship between disturbances and the particular project
outcome. Every step was done in the same order for both dependent variables. Adding only one
variable at the time while building the models simplified the chi-square test for the -2LL because
each step only added 1 degree of freedom to the model.
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An extra analysis included a correlation test between the observed measure team
performance and the performance data from TomTom. One of the most insightful measures for
performance is the number of story points completed by the team during a sprint. The story points
completed per sprint were compared to the 6-sprint average in order to categorize the performance
from 1 to 5 (1 being more than one standard deviation lower than average and 5 being more than
one standard deviation higher than average). These scores were compared to the observed team
performance in a two-tailed Spearmans correlation test.

3.7.

Response and Treatment of the Data

The data was analyzed at the team level, testing hypotheses at a two-tailed significance level of .05
(alpha). For each variable, individual scores were aggregated to group mean scores based on high
levels of intra-group agreement (𝑅()(*) ). In general, values of 0.7 or above are considered to be
sufficient for aggregation (George & Bettenhausen, 1990). Average 𝑅()(*) values were 0.91 for
temporal planning, 0.88 for time pressure, 0.89 for disturbances, 0.88 for temporal leadership,
0.926 for team performance and 0.83 for collective mental fatigue, indicating that individual ratings
within a team were highly consistent with one another. All 𝑅()(*) values exceeded .7 which made
it possible to aggregate scores and analyze the data at the team level.
ICC scores were generated to test whether the measures are reliable enough to aggregate
them to the team level (Bliese, 2000). ICC(1) values indicate the percentage of variance that can
be attributed to the team. An ICC(1) of 0.01 is considered a small effect, .10 a medium and .25 as
a large effect (LeBreton & Senter, 2008). Table 2 shows mainly medium effects. Only mental
fatigue showed a large effect for the ICC(1) value. The ICC(2) scores indicate whether teams can
be differentiated on the basis of average ratings. The minimum acceptance criteria according to
LeBreton & Senter (2008) is .70, however lower values may be acceptable with a small number of
respondents per team. Most ICC(2) values exceed the basic criteria, only team performance scored
low with 0.597. This indicates that different teams reported similar team performance scores.
However, the ICC(1) and ICC(2) scores are valued appropriate to justify team level aggregation.
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Table 2: 𝑅()(*) , ICC(1), and ICC(2) values

𝑹𝑾𝑮(𝒋)

ICC(1)

ICC(2)

1. Temp planning

0,913

0,116

0,896

2. Time pressure

0,884

0,137

0,898

3. Disturbances

0,891

0,087

0,852

4. Temp leadership

0,88

0,102

0,853

5. Team performance

0,926

0,13

0,597

6. Mental fatigue

0,832

0,488

0,885

Note. 𝑹𝑾𝑮(𝒋) = mean interrater agreement; ICC(1) = intraclass correlations (individual rater reliability); ICC(2) =
intraclass correlations (group mean reliability)

Next, the constructs which were measured multiple times during a sprint were aggregated
to an average sprint score. Some constructs such as time pressure and disturbances were measured
at different time-points during the sprint, since it was difficult to determine at which moment they
should be measured to give a fair indication about those constructs. Measuring them at multiple
moments and aggregating these outcomes made the scores less time-bound and more representative
for the entire sprint. Aggregation was done by averaging the scores per team per construct for each
sprint.
Lastly, the interaction terms were z-score standardized to reduce multicollinearity and
enhance interpretability for the moderating effects during the analysis.
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4. Results
In this chapter, we will first discuss the correlations and descriptive statistics. The subsequent part
of the chapter discusses the hypotheses tested in this analysis and the additional results which have
been found.

4.1.

Correlations and Descriptive Statistics

Table 3 presents the descriptive statistics and Spearman correlations. This correlation test has been
chosen because a Spearman correlations test is best suited for ordinal data and a small sample size
(Field, 2009). A two-tailed test is performed instead of a one-tailed test since it is impossible to
state that certain constructs solitary have a positive or negative relation with the project outcomes.
The correlation table presents correlations for the constructs over 3 sprints. Combining them would
inflate the correlation scores due to autocorrelation, therefore the correlations are presented this
way.
Overall, teams reported relatively high and consistent levels of temporal planning at sprint
1 (M = 3.50, SD = 0.50), sprint 2 (M = 3.65, SD = 0.51), and sprint 3 (M = 3.41, SD = 0.65). The
same can be stated for temporal leadership at sprint 1 (M = 3.27, SD = 0.45), sprint 2 (M = 3.22,
SD = 0.30), and sprint 3 (M = 3.08, SD = 0.47). Also team performance was scored high at sprint
1 (M = 3.72, SD = 0.28), sprint 2 (M = 3.84, SD = 0.30) and sprint 3 (M = 4.00, SD = 0.66),
although the reported mean scores slightly rose for this construct during the research. Time pressure
was scored consistently moderate at sprint 1 (M = 2.59, SD = 0.72), sprint 2 (M = 2.69, SD = 0.76),
and sprint 3 (M = 2.79, SD = 0.70). The mean reported level of mental fatigue showed similar
moderate results at sprint 1 (M = 2.08, SD = -.55), sprint 2 (M = 2.25, SD = 0.59), and sprint 3 (M
= 2.48, SD = 0.42) but a small rise in reported scores can be seen throughout the sprints.
Disturbances showed the lowest scores on average, with moderate results at sprint 1 (M = 2.12, SD
= 0.47), sprint 2 (M = 1.94, SD = 0.48), and sprint 3 (M = 2.06, SD = 0.54). Project phase (M =
1.500, SD = 0.53) and team size (M = 2.25, SD = 0.89) are the control variables and are measured
on a different scale. Project phase could be either 1 or 2 and team size could be 1, 2 or 3. The team
scores and mean scores for the independent and dependent variables can be found in appendix 7.
The graphs give a representation of the team differences and fluctuations for the variables and
outcomes per sprint.
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0.26

0.69
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-.873

*

**

0.37

-0.48

0.15

-0.14

-0.05

-0.55

0.13

-0.52

-0.02

*

-0.69

-0.11
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0.51
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*
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0.10
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With respect to the intercorrelations visualized in table 3 it can be concluded that
disturbances show a significant negative relationship with team performance at sprint 1 (-.738, p <
.05) and temporal leadership shows a significant negative relationship with mental fatigue (-.738,
p < .05). Furthermore, at sprint 2, it can be seen that time pressure showed a significant positive
correlation with disturbances (r = .810, p < .05), and temporal planning showed a significant
positive correlation with team performance (r = .755, p < .05). Sprint 3 showed no significant
relationships between the observed variables.
Furthermore, significant relationships can be seen between the control variables and some
explanatory variables. Project phase showed significant negative correlations with time pressure at
sprint 1, sprint 2, and sprint 3 (r = -.873, p < .01). Also, two significant negative relations can be
seen between project phase and disturbances at sprint 2 and sprint 3 (r = -.764, p < .05). Team size
showed a significant positive relationship with disturbances at sprint 1 (r = .772, p < .05) and sprint
2 (r = .823, p < .05). Furthermore, a strong positive correlation exists between team size and mental
fatigue at sprint 1 (r = .772, p < .05) and a negative correlation between team size and team
performance at sprint 2 (r = -.746, p < .05).
Table 3 also shows multiple correlations between constructs measurements at different
sprints. Some correlations are between the same constructs at a different sprint, but some are
between different constructs such as the correlation between temporal leadership at sprint 1 and
temporal planning at sprint 2 (r = .778, p < .05). These relationships are not discussed into detail,
since this is not the main focus of this research. However, it is noteworthy to mention that mental
fatigue at sprint 2 showed a significant negative correlation with temporal leadership in sprint 1 (r
= -.714, p < .05) and team performance at sprint 3 was negatively related to disturbances at sprint
2 (r = -.738, p < .05).
Some strong correlations can be noted among the independent variables. This might be an
indication for multicollinearity (Field, 2009), which can cause problems during the multilevel
analysis. Multicollinearity makes it difficult to extract the individual effects of a predictor on the
outcome when it turns out that they jointly predict an outcome.

4.2.

Hypotheses Tests

In this chapter, we will describe the results from the multilevel analysis which are noteworthy. The
hypotheses stated in Chapter 3 will be tested in this chapter and the most important outcomes will
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be visualized. Appendices 4, 5, 6 and 7 present all the models including estimates, t-values, -2 Log
likelihood and change in -2 Log likelihood together with the between sprint (level-1) and between
team (level-2) variance in the last two columns of the table. The most important statistics belonging
to stated hypotheses can be found at the end of this paragraph in table 4 for the project outcome
team performance and in table 5 for the project outcome mental fatigue. These tables are presented
at the end of this paragraph.
Hypothesis 1 stated that disturbances have a negative correlation with team performance.
Model 1a (table 4: Hypothesis 1) indicated that disturbances do indeed show a significant negative
effect on team performance (B = -.241, SE = .077, p = .008) and adding this variable to the null
model did improve the model quality significantly (∆-2LL = 6.728, p < .01). Controlling for project
phase (B = -.030, SE = .219, p = n.s.) showed no significant effects to the model quality (∆-2LL =
.019, p = n.s.). The same can be concluded for the team size effect (B = -.123, SE = .122, p = n.s.)
and model improvement (∆-2LL = .972, p = n.s.). As could be expected from the strong correlations
between disturbances and both project outcomes, the control variables did explain some of the
same variance as disturbances. This can be seen in the reduced significance of disturbances after
the control variables were added (B = -.139, SE = .143, p = n.s.). However as mentioned above,
adding the control variables does not add a significant contribution to the model quality. Therefore,
we can state that hypothesis 1 holds meaning that disturbances indeed have a negative correlation
with team performance.
Hypothesis 2 stated that disturbances show a positive correlation with mental fatigue,
meaning that mental fatigue increases when disturbances increase. Model 2a (table 5: Hypothesis
2) indicated that there is no significant effect of disturbances on mental fatigue (B = .069, SE =
.102, p = n.s.). Controlling for project phase showed nog significant effects (B = .063, SE = .347,
p = n.s.) and no model quality improvement (∆-2LL = .032, p = n.s.). Adding team size to the
equation did improve the model quality significantly (∆-2LL = 5.165, p < .05), which could all be
contributed to the large significant effect of team size (B = .410, SE = .159, p = .025). However,
the main effect of disturbances on mental fatigue was not significant. Therefore, we can conclude
that hypothesis 2 does not hold.
Hypothesis 3 stated that time pressure magnifies the relationship between disturbances and
team performance. Time pressure showed no significant main effect on team performance (B =.163, SE = .094, p = n.s.) nor did it improve the model quality (∆-2LL = 2.740, p = n.s.). Also,
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testing for moderation showed no significant effect (B = .047, SE = .102, p =.652) and contribution
to the quality of the model (∆-2LL = .207, p = n.s.). Thus, we cannot accept hypothesis 3.
Hypothesis 4 stated that time pressure magnifies the relationship between disturbances and
mental fatigue. Time pressure showed no significant main effect on mental fatigue (B =.120, SE =
.109, p = n.s.) nor did it improve the model quality (∆-2LL = 1.181, p = n.s.). Also, the moderating
effect showed no significance (B = .007, SE = .099, p =.946) or added value to the model (∆-2LL
= .003, p = n.s.). Hypothesis 4 cannot be accepted because of these outcomes.
Hypothesis 5 stated that temporal planning mitigates the relationship between disturbances
and team performance. The main effect of temporal planning on team performance showed no
significant effect (B = -.023, SE = .103, p = n.s.) and adding the variable to the model did not add
a significant improvement to the model estimation quality (∆-2LL = .044, p = n.s.). Furthermore,
model 1a.6 shows that including the moderating effect of temporal planning did not show a
significant effect to the relationship between disturbances and team performance (B = -.117, SE =
.078, p = n.s.) nor did it change the model fit significantly (∆-2LL = .207, p = n.s.). Thus, we can
conclude that hypothesis 5 does not hold.
Hypothesis 6 stated that temporal planning mitigates the relationship between team
performance and mental fatigue. Temporal planning showed no significant main effect on mental
fatigue (B = -.037, SE = .111, p = n.s.) not resulting in any significant model quality improvement
(∆-2LL = .089, p = n.s.). The same can be stated for the moderating effect (B = -.094, SE = .085,
p = n.s.) which did not lead to significant contribution to the model (∆-2LL = .183, p = n.s.).
Therefore, we can conclude that hypothesis 6 does not hold.
Hypothesis 7 stated that temporal leadership mitigates the relationship between
disturbances and team performance. The results showed no significant main effect of temporal
leadership on team performance (B = .116, SE = .093, p = n.s.) without any significant contribution
to the model quality (∆-2LL = 1.195, p = n.s.). Including the moderation in model 1a.8 (table 4:
Hypothesis 7) showed a significant positive moderating effect of temporal leadership on the
relationship between disturbances and team performance (B = .186, SE = .078, p = .025). This
moderating effect can be seen in figure 3. Despite the significant effect of the moderating effect,
the significance of the improvement in model estimation is not below .05 and therefore not highly
significant (∆-2LL=3.228, p < 0.1). Although model quality improvement was not highly
significant, it can be concluded that the moderating effect of team performance on the relationship
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between disturbances and team performance is indeed significant, meaning that hypothesis 5 can
be accepted.

TEAM P ERF O RMANCE ( WITH MO DERATIO N)
Low disturbance
High disturbance
5,4
5,2
5
4,8
4,6
4,4
4,2

L O W T E M PO RA L
L E A D E RSH I P

H I G H T E M PO RA L
L E A D E RSH I P

Figure 3: Disturbances - team performance (temporal leadership as moderator)

Hypothesis 8 stated that temporal leadership mitigates the relationship between
disturbances and mental fatigue. Temporal leadership showed a highly significant negative effect
on mental fatigue (B = -.291, SE = .083, p = .002) meaning that temporal leadership reduces mental
fatigue levels. The model quality improved significantly by adding temporal leadership to the null
model (∆-2LL = 9.677, p < .01). Temporal leadership maintained to be the only significant effect
(B = -.251, SE = .084, p = .007) when disturbances and the control variables were added to the
model. However, the moderating effect of temporal leadership showed no significant effect (B =
.064, SE = .072, p = n.s.) and this model showed no significant improvement to the model without
moderation (∆-2LL = .758, p = n.s.). Although temporal leadership showed a significant main
effect on mental fatigue, the moderating effect when disturbances occur could not be confirmed.
Therefore hypothesis 8 is not accepted.
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Table 5: Multilevel analysis results related to the tested hypotheses regarding the project outcome mental fatigue

Table 4: Multilevel analysis results related to the tested hypotheses regarding the project outcome team performance

4.3.

Additional Results

The control variable team size showed significant effects on both team performance and mental
fatigue. Model 1f illustrates that team size has a negative effect on team performance (B = -.247,
SE = .102, p = .042) and adding this variable to the model improves the quality of the model
significantly (∆-2LL = 4.402, p < 0.05). Model 2f shows that team size also has a significant
positive effect on mental fatigue (B = .382, SE = .141, p = .027), indicating that members of larger
teams experience more mental fatigue compared to those in smaller teams. Also for this model it
can be concluded that adding this relationship to the null model showed a significant improvement
to the model quality (∆-2LL = 5.208, p < .025). The effect of team size on team performance is
visualized in figure 4 and the effect of team size on mental fatigue is visualized in figure 5.

Figure 5: Team size – team performance

Figure 4: Team size – mental fatigue

Lastly, looking at the intercept variances of both null models in appendices 3 and 4 shows
us that most of the variance in team performance is explained at the sprint level (level-1 intercept
variance = .138 with SE = .049, level-2 intercept variance = .053 with SE = .052)) and most of the
variance for mental fatigue is explained at the team level (level-1 intercept variance = .086 with
SE = .031, level-2 intercept variance = .181 with SE = .105).

4.4.

Additional Analysis

The team performance measure is an average score of the perceived performance by the team
members. The management dashboard of TomTom also includes a performance measure in the
shape of story points. Story points represent a certain amount of time and added value. Therefore,
it can be concluded that the performance of a team is higher when more story points are completed.
A performance score per sprint is assigned to each team, based on their average score over 6 sprints.
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This score is based on this ‘actual performance’ score which was compared to the perceived team
performance measured in the surveys. The correlation is visualized in figure 6.

Figure 6: Correlations observed team performance - Objective_Performance

As can be seen from the plot, the correlation between perceived team performance and the
‘Objective_Performance’ is really low and insignificant (r = .267, p = n.s.). This corresponds to the
information from the teams, where team members stated that the numbers in the management
dashboard do not give an honest representation of the actual performance. Therefore, we decided
to exclude the variable ‘Objective_Performance' for analysis in the multilevel model.
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5. Discussion
In this chapter, we will discuss the results from the analysis and elaborate on the findings related
to the research question and previously stated hypotheses. Theoretical and practical implications
will be discussed and finally some limitations and directions for further research will be mentioned.

5.1.

Summary of the Results

This research aimed to study the effects of disturbances on the project outcomes team performance
and mental fatigue in an Agile Scrum environment. Next to the direct effect disturbances on project
outcomes, we analyzed the moderating effects of time pressure, temporal planning and temporal
leadership. The most important outcomes of the analysis will be discussed below.
As predicted, we found that disturbances have a negative effect on team performance, but
do not result in increased levels of mental fatigue. These findings suggest that disturbances are not
so much problematic for team member well-being, but that they do negatively affect team
performance outcomes contrary to our expectations. However, we can conclude that temporal
leadership is important for two main reasons. First, it moderates the effects of disturbances on team
performance. Team performance is positively affected by higher levels of temporal leadership in
such a way that team performance is even higher in a situation with many disturbances than in a
situation with few disturbances and low levels of temporal leadership. Second, it has a main effect
on mental fatigue indicating that team members’ mental wellbeing is positively affected when
managers show high levels of temporal leadership. Lastly, there were no significant findings
regarding time pressure or temporal planning, despite the earlier found significant correlations
between disturbances and time pressure and between temporal planning and team performance.
Neither did we find any significant moderating effects related to mental fatigue.
The relations with the control variables should not be overlooked. Team size showed a
significant main effect on mental fatigue, and team performance. Apparently, larger teams evaluate
their own performance lower then small teams and they report higher levels of mental fatigue. It is
hard to address a causality to the correlation between team size and disturbances since we did not
analyze this in the multilevel analysis. However, we can conclude that a larger team size is
associated with more disturbances.
Lastly, we will shortly address the correlation between the observed team performance
during the survey research and the measured team performance from the dashboard. Interestingly
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enough, these values showed very little correlation. This is in line with statement from managers
and team members where was said that it is hard to determine a fair performance measure for teams.
Some additional work such as bug fixing is not visible in the dashboard as completed story points.
A team doing a lot of bug fixing during a sprint might have the feeling that they performed really
well, although the performance measure shows a different image.

5.2.

Theoretical Implications

From the analysis can be concluded that disturbances indeed have a negative effect on team
performance. This matches with the stated hypothesis and it is not surprising since previous
research already indicated that disturbances can have negative effects on project outcomes such as
delays (Blount & Janicik, 2001) and failure (White, 2006). In line with these studies, this study
also indicates that the effects of disturbances will be even more disruptive if not properly managed.
It is remarkable that we found no relationship between disturbances and mental fatigue since
disturbances were expected to result in more time pressure, schedule changes and confusion
regarding demands. These effects can result in a reduction in focus (Jett & George, 2003) and less
time to recover. No time to recover is proven to affect mental fatigue in a negative way (Zijlstra &
Sonnentag, 2006), however this effect could not be reproduced in this study.
Temporal leadership turns out to be an important moderator when team are facing
disturbances. Temporal leadership by itself did not have a significant effect on team performance,
but the multilevel analysis showed a significant positive effect of temporal leadership as a
moderator between disturbances and team performance. This is in line with previous studies which
state that temporal leadership can help teams to coordinate tasks, making them more capable in
handling unexpected events and with that improving their performance (Mohammed & Alipour,
2014; Mohammed & Nadkarni, 2011). Moreover, we found a main effect of temporal leadership
reducing mental fatigue. A relationship between disturbances and mental fatigue was not found,
nor did we find any significant moderating effects regarding mental fatigue. This was unexpected
considering current literature. Most studies indicate that factors such as disturbances, temporal
planning, temporal leadership and time pressure can influence mental fatigue among team
members. However, the multilevel analysis pointed out that, except for temporal leadership, none
of the other observed effects had a significant effect on mental fatigue neither by itself nor as a
moderating effect. The fact that none of the hypothesized variation regarding mental fatigue were
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confirmed may be the effect of how the questionnaires are filled out. During the survey research,
most team members reported relatively low levels of mental fatigue and the fluctuation throughout
the sprints was relatively low (see figure 7). Discussing these results with the management
indicated that this is an outcome which is quite common in this company when team members are
asked about personal feelings such as mental fatigue. Respondents do not want to complain, which
makes them answer these questions in a conservative way. Another reason for these results might
be how the scores are aggregated to team scores. The questions for this project outcome were
focused on the individual, but the performance outcome is analyzed at the team level based on high
inter team agreement. This may have influenced the scores and hence the results.
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1,00
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SPRI N T 2

SPRI N T 3
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Figure 7: Mean Mental Fatigue scores

It is remarkable that there were no significant effects of time pressure since this variable
showed strong correlation with disturbances at sprint 2 (see table 3). However, this outcome is not
completely unexpected when we look at previous literature. Multiple researchers state that time
pressure can either be negative or positive, depending on the requirements of the task (Karau &
Kelly, 2003) and when properly managed, time pressure can be turned into a stimulant for effective
teamwork (Chong et al., 2011). Respondents indicated a certain degree of time pressure (M = 2.688,
SD = .700) and temporal leadership (M = 3.192, SD = .405) and on average a high team
performance (M = 3.854, SD = .447). We can conclude two things from these findings. Either time
pressure does not negatively influence team performance or the applied temporal management style
by TomTom is adequate for transforming time pressure into a stimulant for higher team
performance.
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The insignificant direct and moderating effects of temporal planning are notable as well,
since temporal planning was expected to be positively related with task performance (Janicik &
Bartel, 2003) and meeting deadlines (Gevers, 2004). However, in the multilevel analysis the effects
of temporal planning were rather small and highly insignificant. Team members reported relatively
high levels of temporal planning (M = 3.518, SD = 0.542), but these scores did not correlate with
any of the project outcomes. Appendix 7 includes a graph visualizing the scores for temporal
planning and looking at this graph one can tell that most teams reported steady levels of temporal
planning throughout the sprints. This is probably due to the team composition and tasks which are
largely the same for each sprint per team. This might be one of the reasons for the weak effect on
team performance. Another reason might be the fact that the planning is done at the beginning of
the sprint when disturbances have not arrived yet. This explains the low correlation between
disturbances and temporal planning, since disturbances are not affecting the planning at the start of
the sprint.

5.3.

Practical Implications

Disturbances showed a significant negative effect on team performance. The teams reported
relatively low levels of disturbances and relatively high levels of team performance, which
indicates that TomTom is handling disturbances quite well. This research indicates that the effects
of disturbances should not be underestimated and that it is best to prevent disturbances when
possible. TomTom adopted the principles of Agile Scrum to minimize disturbances, which is
proven to be an effective project management framework over the years (The State of Scrum
Report, 2017). TomTom indicated that in certain situations customers and first-tier suppliers
demand last-minute changes in requirements for which the planning needs to be changed. The
results from the multilevel analysis indicate that TomTom should ideally postpone these kinds of
demands to the next sprint to minimize disturbances.
A temporal leader can assist teams when disturbances occur despite the efforts to prevent
them from happening. Strong temporal leadership can turn around the negative effects of
disturbances. The multilevel analysis indicated that temporal leadership reduces the negative
impact of disturbances on team performance and is associated with lower levels of mental fatigue.
Moreover, temporal leadership reduces mental fatigue among team members regardless whether
disturbances occur or not. This is another support for the importance of assigning someone with
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the role of temporal leader. These results endorse that it is important to teach managers how they
can apply temporal leadership techniques in order to stimulate team members to meet deadlines
and finish tasks on time. Aspects of temporal leadership are increasing the temporal awareness of
the team by discussing deadlines and reminding the team members to meet these deadlines. This
creates temporal awareness among team members. Temporal leaders can help the team to prioritize
and timebox tasks in such a way that deadlines are realizable, even when unexpected changes occur
during a sprint. Including time for contingencies in the schedule and creating standard protocols
for the most common disturbances can assist teams in delivering on time, even when unexpected
disturbances arise (White, 2006).
Furthermore, the effects of team size on the project outcomes should not be ignored. A
larger team size both leads to a lower perceived team performance and higher levels of mental
fatigue. In this research, a team is defined as large when it consisted of more than ten members.
Although it is logical that some projects need large teams because of the sheer size of the project.
However, this result indicates that it is unfavorable to assign an abundant amount of people to a
team, since it is likely to affect their performance and mental fatigue levels in a negative way. In
situations where a large number of people is needed, TomTom may consider forming multiple
smaller teams to avoid the negative effects from a larger team size. Multiple smaller teams may
however need more coordination from a manager to align the work from the different teams.
Lastly, although we excluded the measure ‘Objective_Performance’ from the multilevel
analysis since this performance measure did not correlate with the team performance measured in
the survey study. However, there is a noteworthy practical implication connected to this finding.
The incongruence between ‘Objective_Performance’ and the observed team performance might
instigate ambiguity. Team members value their performance in a different way, based om a variety
of events. For example, when a team has worked really hard on a complicated step for the process,
but were just a bit too late to deliver on time. This does not necessarily mean that the team
performed bad, although it might look like that from the management dashboard. Managers and
team members should be aware of this ambiguity in order to prevent disagreement about their
performance.
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5.4.

Limitations

Unavoidably there were some limitations to this research. First, the measurements are based on
team members’ self-reports. However, some researchers argue that self-reported measures may not
limit validity as much as sometimes expected (Spector, 1992; Wall, Michie, Patterson, Wood,
Sheehan, Clegg & West, 2004). This can result in biased results because different respondents
might have different opinions about similar cases.
The outcome mental fatigue showed weak results and correlations. This might have to do
with the fact that questions were asked at the individual level and later aggregated to the team level.
This made the model less complicated, since all the other constructs were also measured at team
level and inter team agreement was indicated. However, analyzing metal fatigue effects at the
individual level might be necessary to be more sensitive to individual differences.
Teams showed declining participation throughout the longitudinal study. At the start of the
research the participation was 77%, but this declined to 33% at the end of the research. This had
several reasons. People switched teams, people were on vacation and some people just lost interest
in the topic. Although, we motivated the respondents in several ways, it might be beneficial for
future research to improve the incentives for completing all surveys.
Another limitation of our research was the small sample size. The final sample size for
research was 24 (8 teams, 3 sprints), since we aggregated all the individual results to the team level.
The statistical strength of the research could be improved by including more teams, or by analyzing
more sprints. The latter will also give better understanding about the long term effects of certain
observations.

5.5.

Directions for Future Research

The extra analysis showed a discrepancy between observed team performance and
measured team performance from completed story points. This could result in a distorted view
about team performance for team members with a management role wo are more likely to value
performance based upon data related performance indicators such as these story points. In this
research, we did not distinguish between team members with or without a management role.
Answers were aggregated at the team level, resulting in an average team score. However, there
might have been perceptual differences among managers and the rest of the team regarding how
the team performs and the other measured variables. Research indicates that perceptual
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incongruence between the management and the rest of the team is unfavorable for team
performance (Huisman & Iivari, 2006). In this study, it was not possible to divide the group into
representable management and non-management groups, since the response from people with a
management role was not high enough to assign a separate ‘mean management team’ score to them.
Therefore, their scores were just added to the scores of the rest of the team to create an overall
‘team score’. Separating the scores in a development-team and a management-team could have
provided insights about the perceptual differences between the management and the development
team and the implications of these differences on the project outcomes.
Another direction for future research could discuss the relationship between mental fatigue
and team performance. This was not analyzed in the multilevel analysis. Sonnentag & Zijlstra
(2006) indicate that higher demands from team members result in a more resources used. Imagine
a situation where the pressure on teams is high and there is little time to recover. This might result
in higher levels of mental fatigue, even when the teams are performing well. Several studies
indicate that higher levels of mental fatigue will eventually result in failure and even in illness
among team members. A longitudinal study for a longer period than this study could analyze
whether teams showing high levels of mental fatigue will express lower team performance in the
long run.
Lastly, this study did not analyze how certain effects from a previous sprint influence
project outcomes in future sprints. The correlation matrix in chapter 4.1 indicates that there might
be some long-term correlations between some observations and outcomes. However, in this study
we did not thoroughly analyze how these effects and relations develop over time.
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6. Conclusion
The aim of this study was to get more insight about the effects of disturbances on the performance
outcomes team performance and mental fatigue in a company using an Agile Scrum approach for
project management. Furthermore, this research analyzed the moderating effects of temporal
planning, time pressure and temporal leadership. This different angle on disturbances in an Agile
Scrum environment is a contribution to current literature since prior studies usually do not focus
on the implications of disturbances on project outcomes. Most studies just consider disturbances to
be bad and focus on how to reduce these disturbances. Members from multiple teams were asked
to complete questionnaires during three subsequent sprint. The outcomes of this longitudinal
survey study have been studied by making use of a multilevel analysis. As predicted, we found that
high levels of disturbances had a negative effect on team performance and mental fatigue levels.
This negative effect of disturbances can be moderated by applying temporal leadership practices.
Furthermore, we found that temporal leadership does not only work as a moderator between
disturbances and team performance, but that it also had a positive main effect on reducing mental
fatigue. Lastly, the outcomes of the study indicate that team size is strongly related to both project
outcomes. Larger teams lead to lower team performance and higher levels of mental fatigue.
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8. Appendices
8.1.

Appendix 1: What is Scrum?

Software development companies tried to move to more flexible ways of working and project
management since the advent of the waterfall model in the 1970s. Before the shift to Agile software
development, most companies first started with determining the requirements for the whole project,
subsequently they started designing and testing, and in the end, they kept their fingers crossed that
they delivered the right product to the customer. According to a Standish Group’s Chaos report
survey (Johnson, 1994), this resulted in 31% of the projects being canceled before they were
completed, 53% of the projects costed more than 189% of their estimates, only 16% of the projects
were completed on time and on budget, and lastly, they concluded that for the largest companies,
completed projects delivered only 42% of the original features and functions. In an attempt to
move to more flexible ways of working, many companies embraced the principles of the ‘Agile
Manifesto’ (Fowler & Highsmith, 2001). The benefits of Scrum became obvious during the past
years in which many companies switched to a scrum style of software development (The State of
Scrum Report, 2017). Most of the projects in these companies did benefit largely from the reduced
uncertainty and improved structure provided by Scrum.
Just like most other software companies nowadays, TomTom also uses the Scrum
framework for software development. Scrum is a framework introduced by Ken Schwaber (1997)
and is basically an enhancement of the iterative and incremental approach to delivering objectoriented software initially documented by Pittman (1993) and later expended by Booch (1996).
The name Scrum originates from rugby, where players form a tight formation of forwards who
bind together in specific positions when a scrumdown is called. During a scrum, each player has a
clear role and strong focus on the collective team goal. This is similar in the multidisciplinary teams
at software companies who strive to optimize the collective team performance. There are a couple
of standard roles which can be found in any Scrum team. This is the role of the Scrum master,
product owner and the development team. Together they strive for the same goal, to add value in
the most efficient way, such that every stakeholders interest is fulfilled (Leffingwell, 2011). Scrum
is characterized rather as a framework instead of a methodology because it is supposed to give
guidance and is not going to tell you exactly what to do (Schwaber, 1997). This is an important
thing to note, because this is one of the main reasons why Scrum can be implemented in so many
different ways in varying industries.
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According to a survey about the popularity of different Agile methods (VersionOne’s Agile
Methodology Survey, 2009), the Scrum framework is the most popular Agile method among most
companies. 50% of the companies who used an Agile method to develop software did this by
following the Scrum project management methods. Scrum has a few basic rules, which distinguish
this framework from other software development methods. First of all, work is done in so called
‘sprints’, which are iterating timespan cycles of 30 days or less. Different than in the old waterfall
method, teams who work with scrum deliver usable features after every sprint, whereas with
waterfall there is only a completed product in the end. This makes the Scrum framework more
flexible and more transparent to the customer. Work within a sprint is fixed. Once the scope of a
sprint is determined, no additional functionality can be added, except by the development team.
All work to be done is called ‘the product backlog’, which includes new requirements to be
delivered, the workload, and infrastructure and design activities. Requirements are written down
as user stories, consisting of multiple story points. Story points express an estimate of the overall
effort that will be required to fully implement a product backlog item or any other piece of work.
A ‘Scrum Master’ mentors the empowered, self-organizing, and self-accountable teams that are
responsible for delivery of successful outcomes at each sprint. A ‘Product Owner’ plays the role of
the customer proxy. A daily stand-up meeting is a primary communication method and a heavy
focus is placed on timeboxing. Timeboxing is the process of addressing a prescribed amount of
time to sprints, stand-up meetings, release meetings and so on (Leffingwell, 2011). Sprints are a
stable cadence of timeboxes following to each other, which are aimed to add value in a steady pace.
However also during each sprint, tasks are timeboxed. A certain amount of time is assigned to a
certain task, and a team member tries to add as much value as possible within that fixed amount of
time. If things do not go as planned and a team or team member experiences many setbacks the
situation might occur in which he is not able to complete all the features for a certain task. In other
words, he did not add enough value to complete the task. When this happens, a new task is
timeboxed for the next sprint in which the demanded features can be completed.
Software companies who use Agile methods have a clear need for reliable release plans and
certainty (McDaid et al., 2006). Their work is organized in ‘sprints’, which are iterating cycles of
2 or 3 weeks in which a team agrees on doing a certain amount of work (Leffingwell, 2011). The
tasks, or so called ‘user stories’, for the coming sprint are determined before the sprint starts. When
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a sprint has started, there should be no further changes in requirements or deadlines. However, for
many companies it turns out to be a challenge to exactly follow the Agile manifesto guidelines
(Fowler & Highsmith, 2001), which results in complications during a sprint due to uncertainty
about the task and fluctuations in requirements (McDaid et al., 2006). When there is little slack in
time and resources, these fluctuations can lead to complications.

Figure 8: Scrum framework (Scrum.org, 2017)

According to the latest report from the Scrum Alliance 40% of hardware and software
development companies in the IT industry have the highest level of full Scrum deployment and the
companies indicate a higher average percentage of projects delivered by Scrum with 54%. Even
departments outside of IT are moving more towards a Scrum style of work. 21% of all Scrum
projects are run by departments outside of IT (The State of Scrum Report, 2017).
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8.2.

Appendix 2: The Survey Questions

Survey questions for experiment at TomTom. Introduction questions are open questions. All other
question are 5-point Likert scale questions.
T1 (just after the sprint started)
(T1 for Sprint 2 is the same but without the ‘Introduction Questions’)
Introduction Questions
What is your age?
What is your gender?
How long have you been working in the IT Years: ….. Months: …..
business?
How long have you been working at Years: ….. Months: …..
TomTom?
Which team are you currently on?
How long have you been a member of this Years: ….. Months: ..…
team now?
What is your function/role in the team?

(next page)

Temporal planning (Gevers, 2004; Wonderlic, 1992)
These questions are about the planning for the upcoming sprint (1 = not at all to 5 = to a very
great extent).
Team members, scrum master, product owner, project manager and program manager
•

To what extent are the goals for this sprint clear and comprehensible?

•

To what extent did your team plan who should do what?

•

To what extent did your team timebox tasks?
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Time pressure (Gevers, 2004)
What are your expectations for the upcoming sprint? Please indicate whether you disagree or
agree with following statements (1 = strongly disagree to 5 = strongly agree).
Team members, scrum master, product owner, project manager and program manager
•

We will have to do too much work in the time available.

•

We will have to work extra hard in order to finish the work on time.

•

We will experience time pressure.

(next page)

Thank you for your time! This is the end of this questionnaire. The next one will be sent to you at
the mid-point of this sprint.
You can leave any comments in the blank box below.
Kind regards,
Edward

T2 (midpoint)
Disturbances (Blount & Janicik, 2002; Sonnentag & Zijlstra, 2006)
To what extent did the following events occur during this sprint? (1 = Not at all to 5 = To a great
extent)
Team members, scrum master, product owner, project manager and program manager
•

Plans have changed substantially during this sprint.

•

We have repeatedly been confronted with unanticipated tasks.

•

We had to adjust our schedule because of irregularities in the information flow.

•

Our work suffers from the irregularities and turmoil surrounding the sprint.
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•

We have difficulties meeting deadlines because we are not always informed about changes
in the planning in a timely manner.

In case you and your team experienced any of the above-mentioned events, please give a short
description about what happened.
………
Time Pressure (Gevers, 2004)
These questions are focused on the sprint you are currently in. Please indicate whether you
disagree or agree with following statements (1 = strongly disagree to 5 = strongly agree).
Team members, scrum master, product owner, project manager and program manager
•

We have to do too much work in the time available.

•

We have to work extra hard in order to finish the work on time.

•

We experience time pressure.

Temporal leadership (Mohammed & Nadkarni, 2011)
Questions for team members and scrum master
To what extent does your supervisor… (1 = not at all to 5 = to a very great extent)
•

… remind team members of important deadlines?

•

… prioritize tasks for you?

•

… prepare and build in time for contingencies, problems, and emerging issues?

•

… urge team members to finish tasks on time?

Questions for product owner, project manager & program manager
To what extent do you…
•

… remind team members of important deadlines?

•

… prioritize tasks for team members?

•

… prepare and build in time for contingencies, problems, and emerging issues?

•

… urge team members to finish tasks on time?
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(next page)

Once again, thank you for your time! This is the end of this questionnaire. The next one will be sent
to you at the end of this sprint.
You can leave any comments in the blank box below.
Kind regards,
Edward

T3 (just after the sprint is finished)
Disturbances (Blount & Janicik, 2002; Sonnentag & Zijlstra, 2006)
To what extent did the following events occur during this sprint? (1 = Not at all to 5 = To a great
extent)
Team members, scrum master, product owner, project manager and program manager
•

Plans have changed substantially during this sprint.

•

We have repeatedly been confronted with unanticipated tasks.

•

We had to adjust our schedule because of irregularities in the information flow.

•

Our work suffers from the irregularities and turmoil surrounding the sprint.

•

We have difficulties meeting deadlines because we are not always informed about changes
in the planning in a timely manner.

Time pressure (Gevers, 2004)
These questions are focused on the sprint you just went through. Please indicate whether you
disagree or agree with following statements (1 = strongly disagree to 5 = strongly agree).
Team members, scrum master, product owner, project manager and program manager
•

We had to do too much work in the time available
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•

We had to work extra hard in order to finish the work on time

•

We experienced time pressure

Team performance (Kearney & Gebert, 2009; Zellmer-Bruhn & Gibson, 2006)
Considering the team accomplishments during this sprint, to what extent do you disagree or agree
with the following statements (1 = strongly disagree to 5 = strongly agree)?
Team members, scrum master, product owner, project manager and program manager
•

This team achieved its goals.

•

This team achieved high performance.

•

This team made a great contribution to the company.

•

This team was very successful in terms of overall achievement.

Mental fatigue (W. Schaufeli & Dierendonck, 2001)
During this sprint (1 = never to 5 = always):
Team members, scrum master, product owner, project manager and program manager
•

I felt mentally exhausted due to my work.

•

I felt empty at the end of a working day.

•

I felt tired when I got up in the morning and had a working day ahead of me.

(next page)

Once again, thank you for your time! This is the end of this questionnaire. The next one will be sent
to you at the start of the next sprint.
You can leave any comments in the blank box below.
Kind regards,
Edward
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8.3.

Appendix 3: Main Effects on Team Performance

Main effects on team performance
Model and variables
Null model
Intercept
Model 1a
Intercept
Disturbances
Model 1b
Intercept
Time pressure
Model 1c
Intercept
Temporal planning
Model 1d
Intercept
Temporal leadership
Model 1e
Intercept
Project phase
Model 1f
Intercept
Team size

8.4.

T (Sig.)

3.854 (.111)

34.646

3.854 (.076)
-.241 (.077)

50.634
-3.124 (.008)

3.854 (.099)
-.163 (.094)

39.088
-1.736 (.103)

3.854 (.112)
-.023 (.103)

34.250
-.218 (.830)

3.854 (.097)
.116 (.093)

39.818
1.252 (.229)

3.320 (.290)
.356 (.183)

11.444
1.939 (.088)

4.409 (.244)
-.247 (.102)

18.046
-2.422 (.042)

-2LL

∆-2LL

Level-1 intercept
variance (SE)
.138 (.049)

Level-2 intercept
variance (SE)
.053 (.052)

19.993

6.728 (p<.01)

.313 (.47)

.002 (.028)

23.981

2.740 (p<.10)

.131 (.046)

.034 (.042)

26.677

.044

.136 (.049)

.056 (.055)

25.526

1.195

.147 (.053)

.026 (.044)

23.638

3.083 (p<.10)

.138 (.049)

.021 (.037)

22.319

4.402 (p<.05)

.138 (.049)

.011 (.033)

∆-2LL

Level-1 intercept
variance (SE)
.086 (.031)

Level-2 intercept
variance (SE)
.181 (.105)

24.817

.416

.088 (.032)

.161 (.099)

24.063

1.181

.084 (.030)

.162 (.096)

25.144

.089

.089 (.033)

.167 (.108)

15.556

9.677 (p<.01)

.053 (.019)

.148 (.083)

25.209

.024

.086 (.031)

.180 (.105)

20.025

5.208 (p<.025)

.086 (.031)

.081 (.056)

26.721

Appendix 4: Main Effects on Mental Fatigue

Main effects on mental fatigue
Model and variables
Null model
Intercept
Model 2a
Intercept
Disturbances
Model 2b
Intercept
Time pressure
Model 2c
Intercept
Temporal planning
Model 2d
Intercept
Temporal leadership
Model 2e
Intercept
Project phase
Model 2f
Intercept
Team size

B (SE)

B (SE)

T (Sig.)

2.268 (.162)

14.010

2.268 (.154)
.069 (.102)

14.709
.678 (.504)

2.268 (.154)
.120 (.109)

14.714
1.102 (.282)

2.268 (.157)
-.037 (.111)

14.457
-.333 (.742)

2.268 (.144)
-.291 (.083)

15.763
-3.488 (.002)

2.344 (.511)
-.051 (.323)

4.586
-.157 (.879)

1.408 (.338)
.382 (.141)

4.166
2.709 (.027)

-2LL
25.233
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8.5.

Appendix 5: Models with Project Outcome Team Performance

Dependent variable team performance
Model and variables
Null model
Intercept
Model 1a
Intercept
Disturbances
Model 1a.1
Intercept
Disturbances
Project phase
Model 1a.2
Intercept
Disturbances
Project phase
Team size
Model 1a.3
Intercept
Disturbances
Project phase
Team size
Time pressure
Model 1a.4
Intercept
Disturbances
Project phase
Team size
Time pressure
Disturbances*Time pressure
Model 1a.5
Intercept
Disturbances
Project phase
Team size
Temporal planning
Model 1a.6
Intercept
Disturbances
Project phase
Team size
Temporal planning
Disturbances*Temporal planning
Model 1a.7
Intercept
Disturbances
Project phase
Team size
Temporal leadership
Model 1a.8
Intercept
Disturbances
Project phase
Team size
Temporal leadership
Disturbances*Temporal leadership

B (SE)

T (Sig.)

3.854 (.111)

34.646

3.854 (.076)
-.241 (.077)

50.634
-3.124 (.008)

3.808 (.338)
-.230 (.111)
.030 (.219)

11.278
-2.070 (.050)
.138 (.892)

3.983 (.368)
-.139 (.143)
.098 (.224)
-.123 (.122)

10.821
-.972 (.341)
.436 (.667)
-1.001 (.327)

3.871 (.400)
-.161 (.145)
.197 (.265)
-.139 (.124)
.091 (.133)

9.691
-1.109 (.278)
.742 (.465)
-1.124 (.272)
.683 (.501)

3.811 (.419)
-.157 (.145)
.193 (.264)
-.125 (.127)
.079 (.135)
.047 (.102)

9.098
-1.081 (.291)
.731 (.472)
-.981 (.336)
.582 (.566)
.456 (.652)

4.066 (.491)
-.140 (.142)
.069 (.249)
-.141 (.142)
-.026 (.101)

8.287
-.982 (.339)
.277 (.785)
-.993 (.334)
-.259 (.799)

4.021 (.466)
.083 (.142)
.098 (.238)
-.139 (.135)
-.038 (.097)
-.117 (.078)

8.633
-.582 (.566)
.411 (.685)
-1.032 (.312)
-.397 (.695)
-1.491 (.149)

3.822 (.376)
-.184 (.142)
.077 (.217)
-.037 (.135)
.110 (.083)

10.177
-1.295 (.208)
.357 (.725)
-.278 (.784)
1.326 (.197)

4.042 (.430)
-.233 (.124)
-.032 (.223)
-.056 (.136)
.099 (.084)
.186 (.078)

9.402
-1.874 (.082)
-.143 (.888)
-.410 (.688)
1.171 (.258)
2.396 (.025)

-2LL

∆-2LL

Level-1 intercept
variance (SE)
.138(.049)

Level-2 intercept
variance (SE)
.053 (.052)

19.993

6.728 (p<.01)

.313 (.47)

.002 (.028)

19.974

.019

.132 (.047)

.003 (.029)

19.002

.972

.129 (.037)

.000 (.000)

18.540

.462

.127 (.037)

.000 (.000)

18.333

.207

.126 (.036)

.000 (.000)

18.941

.061

.127 (.046)

.002 (.028)

16.817

2.124

.118 (.034)

.000 (.000)

17.305

1.697

.120 (.035)

.000 (.000)

14.077

3.228 (p<.10)

.086 (.034)

.024 (.036)

26.721
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8.6.

Appendix 6: Models with Project Outcome Mental Fatigue

Dependent variable mental fatigue
Model and variables
Null model
Intercept
Model 2a
Intercept
Disturbances
Model 2a.1
Intercept
Disturbances
Project phase
Model 2a.2
Intercept
Disturbances
Project phase
Team size
Model 2a.3
Intercept
Disturbances
Project phase
Team size
Time pressure
Model 2a.4
Intercept
Disturbances
Project phase
Team size
Time pressure
Disturbances*Time pressure
Model 2a.5
Intercept
Disturbances
Project phase
Team size
Temporal planning
Model 2a.6
Intercept
Disturbances
Project phase
Team size
Temporal planning
Disturbances*temporal planning
Model 2a.7
Intercept
Disturbances
Project phase
Team size
Temporal leadership
Model 2a.8
Intercept
Disturbances
Project phase
Team size
Temporal leadership
Disturbances*Temporal leadership

B (SE)

T (Sig.)

2.268 (.162)

14.010

2.268 (.154)
.069 (.102)

14.709
.678 (.504)

2.173 (.542)
.081 (.116)
.063 (.347)

4.007 (.002)
.696 (.495)
.183 (.858)

1.114 (.566)
.000 (.121)
.154 (.276)
.410 (.159)

1.970 (.084)
-.001 (.999)
.559 (.586)
2.577 (.025)

.965 (.576)
-.035 (.125)
.282 (.304)
.391 (.157)
.123 (.133)

1.675 (.127)
-.279 (.783)
.930 (.365)
2.482 (.029)
.925 (.365)

.957 (.597)
-.035 (.124)
.281 (.305)
.393 (.162)
.121 (.133)
.007 (.099)

1.603 (.151)
-.282 (.782)
.923 (.371)
2.429 (.036)
.909 (.374)
.069 (.946)

.973 (.675)
.002 (.120)
.204 (.304)
.440 (.177)
.045 (.113)

1.440 (.176)
.017 (.986)
.668 (.514)
2.483 (.027)
.394 (.697)

.946 (.650)
-.032 (.122)
.214 (.294)
.445 (.171)
.073 (.114)
.094 (.085)

1.457 (.172)
-.263 (.796)
.726 (.479)
2.605 (.021)
.639 (.529)
1.106 (.280)

1.509 (.609)
.043 (.097)
.132 (.274)
.249 (.170)
-.251 (.084)

2.478 (.038)
.441 (.665)
.481 (.640)
1.466 (.171)
-2.984 (.007)

1.533 (.610)
.020 (.098)
.098 (.276)
.264 (.170)
-.223 (.090)
.064 (.072)

2.515 (.035)
.209 (.837)
.353 (.731)
1.548 (.150)
-2.484 (.020)
.881 (.387)

-2LL

∆-2LL

Level-1 intercept
variance (SE)
.086 (.031)

Level-2 intercept
variance (SE)
.181 (.105)

24.817

.416

.088 (.032)

.161 (.099)

24.785

.032

.089 (.032)

.157 (.100)

19.620

5.165 (p<.05)

.087 (.031)

.075 (.053)

18.780

.840

.084 (.030)

.072 (.051)

18.777

.003

.083 (.032)

.074 (.063)

19.470

.150

.085 (.030)

.078 (.055)

18.287

.183

.082 (.030)

.069 (.051)

12.871

6.749 (p<.01)

.054 (.019)

.097 (.060)

12.113

.758

.051 (.018)

.099 (.059)

25.233
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Appendix 7: Average Team Outcomes
TEMPORAL PLANNING

DISTURBANCES
3,50

Team 1

3,00

Team 2

Team 1
Team 2

4,00

Team 3

Team 3

2,50

Team 4

2,00

Team 5

1,50

Team 6
Team 7

1,00
0,50

4,50

Team 4

3,50

Team 5
3,00

Team 6
Team 7

2,50

Team 8

Team 8
SPRI N T 1

SPRI N T 2

SPRI N T 3

Average

2,00

SPRI N T 1

SPRI N T 2

SPRI N T 3

Average

TEMPORAL LEADERSHIP

TIME PRESSURE
4,00

4,50

Team 1

4,00

Team 2

3,50

Team 3

3,40

Team 3

3,00

Team 4

3,20

Team 4

Team 5

3,00

Team 5

2,50

Team 6

2,00
1,50
1,00

SPRI N T 1

SPRI N T 2

SPRI N T 3

Team 1

3,80

Team 2

3,60

2,80

Team 6

2,60

Team 7

2,40

Team 7

Team 8

2,20

Team 8

Average

2,00

SPRI N T 1

4,80
4,60

SPRI N T 3

Average

MENTAL FATIGUE

TEAM PERFORMANCE
5,00

SPRI N T 2

Team 1

3,50

Team 1

Team 2

3,00

Team 2
Team 3

4,40

Team 3

4,20

Team 4

4,00

Team 5

2,00

Team 5

Team 6

1,50

Team 6

3,80
3,60
3,40

Team 7

3,20

Team 8

3,00

Average

SPRI N T 1

SPRI N T 2

SPRI N T 3

2,50

Team 4

Team 7

1,00
0,50

Team 8
SPRI N T 1

SPRI N T 2

SPRI N T 3

Average
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