
Chapter 5
Time Prediction Biases

To a larger extent than we like to think, our judgements and decisions are affected
by irrelevant factors. Fortunately, there are patterns to our irrationality. We are, in
a sense, predictably irrational [1]. These patterns of irrationality are what we call
judgement and decision biases. This chapter describes some of the biases relevant
to understanding when and why we make systematic time prediction errors. Better
knowledge about the biases and fallacies may help us become better at designing
time prediction processes and avoiding situations and information that mislead us.

5.1 The Team Scaling Fallacy

Let us say that you enjoy playing with Lego but not building it, so you decide to hire
a team to build a Lego model for you. The team will bill you for the total amount of
work, that is, the sum of the time spent on the task of all the workers on the team.
If you want to minimize your cost, would you hire a two- or four-person team to
complete your Lego construction work?

Usually you will benefit from hiring the smaller team, because the four-person
team would spend more time coordinating the work and thus cost you more. This
expected decrease in productivity with more people was reflected in the time pre-
dictions of the participants of a study of Lego-building teams [2]. Those in the
four-person teams predicted, on average, that they would spend a total of 30 minutes
on the task, whereas those in the two-person teams predicted that they would spend
a total of 23 minutes. The two- and four-person teams both tended to predict too low
a time usage, but those in the four-person teams gave the most overoptimistic time
predictions. The average actual time usage of the two-person teams was 36 minutes,
55% higher than they had predicted, while the average time usage of the four-person
teams was 53 minutes, 75% higher than predicted. Although the participants took
coordination costs into account, as reflected in the higher time predictions of the
four-person teams, they did not do so sufficiently. This finding, that people tend to
neglect the true increase in coordination costs with increasing team size, has been

© The Author(s) 2018
T. Halkjelsvik and M. Jørgensen, Time Predictions, Simula SpringerBriefs
on Computing 5, https://doi.org/10.1007/978-3-319-74953-2_5

55

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-74953-2_5&domain=pdf


56 5 Time Prediction Biases

named the team scaling fallacy. The team scaling fallacy in the Lego-building study
was not limited to the people actually doing the building. When external judges, who
were students from another university, were asked to predict the total time usage of
the Lego-building teams, the omission of coordination costs was even more severe.
These judges tended to predict that the four-person teams would, altogether, have
a lower time usage than the two-person teams, resulting in time predictions that
would produce, on average, 140% time overrun for the four-person teams but only
45% overrun for the two-person teams. When asked about their time predictions, it
appeared that the external judges focused more on the benefits of cooperation, such
as synergies, than on the costs of coordinating more people.

The team scaling fallacy also seems to arise in the time usage predictions of
larger projects. Studies have found that IT projects with more people have a higher
likelihood of cost overrun [3, 4]. Documenting the size of the team scaling fallacy
using real-life data is somewhat problematic, since we do not know whether more
workers lead to greater coordination costs and cost overrun or whether more workers
are allocated to projects that are problematic in the first place. The Lego study, on
the other hand, does not suffer from such problems in interpretation and reliably
demonstrates the team scaling fallacy in a controlled setting.

Another example of neglecting coordination costs is the common belief that merg-
ing organizations will reduce costs and improve productivity. Much of the available
research contradicts this belief. Consider a small research institute with about 35
researchers that is merged with a larger research institute of about 150 researchers.
According to a study on coordination costs in research units, the predicted number
of administrative staff required for the small research unit will grow from the seven
originally needed for 35 researchers to 12, for their approximately 20% share of the
total number of administrative staff needed for an organization of 35 + 150 = 185
researchers. This finding is based on the following evidence-based relation between
administrative and academic staff [5]:

Administrative sta f f � 0.07 × Academic sta f f 1.3

The important property of the formula is its nonlinearity. A doubling in the number
of academic staff does not require merely a doubling of the administrative staff but,
rather, a 2.5 (=21.3) times increase. When the number of academic staff is 10 times
higher, the administrative staff needs to be as much as 20 (=101.3) times larger.

This formula was developed for academic organizations and there may be organi-
zational growth and mergers that lead to much smaller increases or even a decrease
in the need for administration. It is nevertheless a useful reminder of how coordi-
nation and administration tend to increase nonlinearly with team and organization
size.1 Good project planners and organizers are well aware of this effect, and are
able to take the disproportionally higher costs of administration in larger projects

1The effect of decreasing productivity with increasing team size has been repeatedly documented.
One of the first to do so was the French agricultural engineerMaximilien Ringelmann (1861–1931).
Ringelmann also found an increased risk of ‘social loafing’—lower motivation to contribute—with
increased work unit sizes. Frederick Taylor (the father of scientific management) had previously
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into account, but it is not uncommon to neglect or underestimate this increase. As an
illustration of how coordination costs can increase more than we would intuitively
expect, recall that there was as much as a 50% increase in total time usage when
going from a two- to a four-person Lego construction team.

Awareness of the team scaling fallacy is also important when predicting time
based on past time usage in other projects or tasks. For example, it is not a good
idea to use the unadjusted productivity of one project to predict the time usage for
another project when their team sizes are very different.

Take home message: A workforce that is twice as large tends to deliver less than
twice as much output per time unit due to an increase in the need for coordination.
When predicting time usage for projects with many people, one usually needs to
include a larger proportion of work on project management and administration and
assume lower productivity than in smaller projects.

5.2 Anchoring

The anchoring effect may be said to be the king of human biases. Many biases
sometimes arise and sometimes do not and, when they do, they tend to be small.
Studies on anchoring, on the other hand, hardly ever fail to show large effects. So,
what is anchoring?

The most famous study of the anchoring effect involved a rigged wheel of fortune
and asked the question ‘What percentage of the members of the United Nations (UN)
are African countries?’ First, the research participants spun the wheel, which stopped
at 10 or 65, depending on how the wheel was rigged, and were asked whether they
thought the percentage of African countries in the UN was more than or less than the
number on the wheel. Following that question, the participants were asked to predict
the proportion of African countries in the UN. The difference in answers between
two groups of participants, one with the wheel stopping at 10 and another at 65, was
striking: those in the first group gave a median prediction of 25% African countries
in the UN, while those in the second group gave a median prediction of 45% [6].
It is hard to imagine that the participants would think that a number on a wheel of
fortune, that they believed gave a random number between zero and 100, revealed
any information about the actual proportion of African countries in the UN. They
were, nevertheless, strongly affected by the number presented to them.

Many anchoring studies in time prediction contexts follow the same procedure
[7]. Study participants are first introduced to a task description and asked whether
they think the task will take more or less time than a given time usage, which plays
the role of an anchoring number. Typically, one group of participants is presented
a high time usage anchor and another a low time usage anchor. Subsequently, all
the participants are asked to predict the time required to complete the task. This

identified similar challenges with group productivity in his work on process improvement in the
steel industry.
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procedure always2 produces time predictions that are biased towards the anchoring
number. Even anchoring numbers that are completely unrelated to the time prediction
task, such as digits from Social Security numbers or phone numbers, may strongly
affect people’s predictions. More relevant numbers, such as the past time usage of
a task, is usually—but not always [8]—more potent as anchors than completely
irrelevant ones [9].

The relevance of the anchoring bias outside artificial experimental settings is well
documented. We found, for example, that software professionals’ time predictions
were strongly affected by knowledge about what a customer had communicated as an
expectation of time usage, despite knowing that the customer had no competence in
predicting the time usage [10]. When the software professionals were asked whether
they thought they had been affected by the customer’s expectations, that is, the
anchoring information, they either denied it or responded that they were affected
only a little. This feeling of not being much affected when, in reality, one is being
affected a great deal, is part of what makes the anchoring bias so potent and hard to
avoid.

What if the customer’s expectation represents a totally implausible time usage
anchor? In an experiment with software professionals [11], we informed one group
of participants that the customer expected a task to take about 800 hours (a very
high anchor), another group that the expected time usage was 40 hours (a rather low
anchor), and a third group that the customer expected the task to take only four hours
(an implausibly lowanchor).All participantswere instructed to dismiss the anchoring
information when predicting. Those in a control group, who received no information
about the customer’s expectations, gave amedian time prediction of 160 hours. Those
in the high anchor group (800 hours) gave the highest time predictions, with amedian
of 300 hours. The rather low anchor group (40 hours) gave a median time prediction
of 100 hours. Themost striking finding was, however, that those with the implausibly
low anchor (four hours) gave even lower time predictions, with a median of 60 hours.
This group was even more affected than the group given the somewhat more realistic
low anchor. Anchoring studies in other contexts show similar results. Even extreme
anchors or suggestions, for instance, that the length of a whale is 900 metres (an
unreasonably high anchor) or 0.2 m (an unreasonably low anchor), are at least as
effective in influencing people’s predictions as more realistic anchors are [12]. Thus,
the effect of anchors does not always depend on their realism or on a belief that they
reveal relevant information.

Anchoring effects are fairly robust to all kinds of warnings and there is so far
no efficient strategy to remove the effect. The following are instructions from two
different studies on anchoring:

• The client does not want you to be affected by his cost expectation in your esti-
mation work, and wants you to estimate the effort that you most likely will need

2Always is a strong claim, but after conducting numerous such experiments, most of them for
educational purposes, we feel fairly confident that this is true. It is especially easy to create large
anchoring effects in situations in which there is a substantial element of uncertainty involved in the
predictions.
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to develop a quality system that satisfies the needs described in the requirement
specification [11].

• I admit I have no experience with software projects, but I guess this will take about
two months to finish. I may be wrong, of course; we’ll wait for your calculations
for a better estimate [13].

Although the abovewarnings cast serious doubt on the relevance of the initial time
predictions or expectations of the customers, that is, the time prediction anchors, they
did not even come close to removing the influence of anchors.

One does not need numbers to produce anchor-like effects. In one study, the exact
same software development task was described as either developing new functional-
ity, a description usually applied for larger pieces of work, or as a minor extension, a
description usually applied for smaller, simpler tasks [11, 14]. Those who received
the task described as a minor extension gave much lower time predictions than those
predicting the time to develop new functionality.

Evidence on the importance of the anchoring effect includes findings from ran-
domized controlled field experiments. In one such experiment, actual software devel-
opment companies were paid for giving second-opinion time predictions based on
project information [15]. Half of the companies received the project information
with different variants of anchoring information included. The anchoring informa-
tion seemed to have a bit weaker effect than what is typically reported in laboratory-
based studies. The strongest effect was found for a low anchor, in the form of a
short expected completion time (‘the work should be completed in three weeks from
the startup date’). In reality, a short development period would lead to more—not
less—time usage, because a larger team of people would be required to complete the
project on time and more people means higher coordination costs. The companies,
on the other hand, gave lower time predictions when the development period was
short.

A real-life case of the sometimes devastating effect of anchoring involved a Nor-
wegian public agency that invited software companies a few years ago to bid for a
software project. As part of the announcement, the company stated that its initial
budget was e25 million. The initial budget was based on a so-called informal dialog
with the market. As expected from what we know about the anchoring effect, the
time predictions received from the bidders typically represented costs close to e25
million. The actual cost, however, turned out to be arounde80million and the project
ran into huge problems, partly due to the vast underestimation of cost and time, and
was eventually cancelled.3

The anchoring effect is sometimes used to our disadvantage, such as setting a
minimum payment requirement on a credit card bill. A study found that, if this
minimum amount were removed from the bill, the repayment increased by 70%
[17]. A low minimum payment, representing a low anchor, on a credit card bill

3See [16]. The project was restarted and it ran into new time prediction problems but, in the end, it
was able to properly predict the time usage, plan the project, and deliver a good software solution
to its users.
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makes you pay off less debt, which, in the long run, produces higher costs for you
and higher profits for those who presented the low anchor value.

There is no single explanation why anchors affect people’s time predictions. One
explanation is that an anchor triggers associations [12], for instance, a low anchor
makes you think about tasks and solutions that are easy andquick to carry out.Another
explanation is that people start out at the anchor value and adjust until they arrive at
what they think is a reasonable time prediction. Since the range of reasonable time
predictions can be large, the first value that seems reasonable after adjusting from
the anchor will be too close to the anchor. In other words, people adjust insufficiently
[18]. A third explanation is based on conversational norms. If you ask whether my
project will require more or less than 30 work hours, I will assume that you believe
30 hours is a plausible prediction or you would not ask such a question. However,
as explained above, even anchors based on random numbers seem to have an impact
on judgement. A fourth explanation is that the anchor distorts the perception of the
response scale [19]; that is, when larger quantities are anchors, such as 300 work
hours, two hours does not appear to be much work but, when exposed to shorter
durations, such as 15 minutes, two hours seems like a large amount of time. Which
explanation is better seems to depend on the context. It is also reasonable to assume
that anchoring can be caused by more than one phenomenon [20].

Take home message 1: Anchoring effects in time prediction contexts are typically
strong. The only safemethod for avoiding anchoring effects is to avoid being exposed
to information that can act as a time prediction anchor.

Take home message 2: Anchors come in many shapes and disguises, such as bud-
gets, time usage expectations, words associated with complex or simple tasks, early
deadlines, and even completely irrelevant numbers brought to your attention before
predicting time usage.

5.3 Sequence Effects

The sequence effect, as several other biases presented later, may be a close cousin
of the anchoring effect. When sequence effects occur, the anchor is disguised as a
preceding time prediction. If you first predict that it will take 10 minutes to do the
dishes, your time prediction for cleaning the entire housemay be two hours. If, on the
other hand, you first predict that it will take two days to paint the house, your house
cleaning time prediction might be three hours. Although we have not specifically
tested the above example, studies suggest that such effects on your house cleaning
predictions are likely [21, 22].

We evaluated the sequence effect in the context of software development, with
software professionals divided into two groups. One group first predicted the time
usage of a large task and then a medium large task. The second group first predicted
the time usage of a small and then the same medium large task as the first group. The
first group predicted a median time usage of 195 hours for the middle-sized task,
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whereas the second group gave a median estimate of 95 hours for the same task. In
other words, their predictions of the medium task were biased towards their initial
prediction of a different task [23].

Sequence effects are quite general and appear in most, perhaps all domains. For
instance, when research participants predicted the price of 100 chairs from an Ikea
catalogue, the predicted prices depended on not only the chair’s actual price but also
the predicted price given for the preceding chair [24].

Take home message: Your previous time prediction will typically influence your
next time prediction. Predictions are biased towards previous predictions, meaning
that predicting the time of a medium task after a small task tends to make the time
prediction too low and predicting the time of a medium task after a large task tends
to make the time prediction too high.

5.4 Format Effects

Time predictions typically answer questions such as ‘How long will it take?’, ‘How
many work hours will this require?’, and ‘How much time do you need?’ The
responses to these questions involve judging how much time one will need for a
given amount of work. However, we could turn the question around and ask how
much work one can do within a given amount of time. Examples of this alternative
request format are ‘Howmuch of the work are you able to complete within five work
days?’, ‘Howmany units can you complete before lunch?’, and ‘Do I have time to eat
breakfast before the meeting starts at 9:00?’ That is, instead of giving an amount of
work and requesting a prediction for the time usage, one can instead give an amount
of time and request a prediction for the amount of work to be completed within the
given time frame. The basic finding from studies on such inverted time prediction
formats is that the more work you have lined up and the less time you have at your
disposal, the more overoptimistic your time predictions will be.

One of the first studies of the inverted time prediction format varied the number
of errands one could complete (six vs. 12 potential errands) and how much time one
had at one’s disposal (two hours vs. four hours) [25]. Those who had 12 potential
errands believed they could complete more errands within the given time than those
who had six potential errands. Furthermore, those who were to predict work to be
done within two hours believed they would complete more errands per hour than
those with four hours available. Consequently, the participants with the 12 errands
and only two hours of time available were the most overoptimistic. They predicted
that they would be able to run errands within two hours that, in reality, would take
about five hours to complete (150% overrun).

We found a similar effect among students predicting the time to read or walk a
certain distance. The students gavemore optimistic predictions on how far they could
walk and how many pages they could read when given a short time frame. When
given fiveminutes to read from a book, the participants predicted that theywould read
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four pages within this time frame (=0.8 pages per minute) but, if given 30 minutes,
they predicted that they would read only 10 pages (=0.3 pages per minute) [26]. In
other words, reducing the time frame from 30 minutes to four minutes almost tripled
the predicted productivity, but hardly the real productivity.

The same format effect arose for IT professionals predicting the time usage to
complete software development work. A group of IT professionals predicted how
much of a project they would be able to complete in either 20 or 100 work hours.
Those given 20 work hours believed they could complete tasks corresponding to
about 20% of the project, while those given 100 work hours believed they could
complete 50%. This means that the participants with the 20-hour time frame thought
they would be twice as productive as those with the 100-hour time frame (1% vs.
0.5% of the total project work per hour).

The format effect may be one of the more important effects to worry about when
predicting time or requesting time predictions. Do not ask how much your colleague
can complete in 15 minutes or other short periods; instead, it is usually better to ask
how much time is needed for a given amount of work.

There are contexts inwhich the inverted time prediction format seems to be useful.
In so-called agile software development, the team considers howmany requirements
(called user stories) they have been able to complete in the previous weeks and uses
this information to predict the amount of work to be completed next week. This
approach seems to lead to fairly accurate predictions of next week’s work output.
Consequently, it could be that the inverted format is mainly problematic when we
lack or ignore historical data on productivity.

Take home message: When the time frame is short and a large amount of work
must be done, the inverted request format, ‘How much do you think you can do in
X hours?’, tends to lead to more overoptimistic time predictions.

5.5 The Magnitude Effect

The magnitude effect is the observation that the time usage of larger tasks tends to be
underestimated by a greater amount, in both percentage and absolute underestima-
tion, than the time usage of smaller tasks, which may even tend to be overestimated.
The effect is easily observedwhen, for example, comparing the time and cost overrun
of multimillion-euro projects with those of smaller projects [4].

Although the larger time and cost overruns for large projects are frequently
reported in the media and the association between task size and overrun is exten-
sively documented in research, there are good reasons to believe that the effect
is exaggerated and sometimes does not even exist. One reason for an artificially
strong association between project size and time overrun is that actual time usage
is used both as a measure of task size and as part of the time prediction accuracy
measure (coupling of variables). Why this would create an artificial or exaggerated
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association between project/task size and overrun is a bit difficult to explain, but let
us try in an example. Consider the following two situations.

Situation 1: The task size is measured by the actual time usage

Assume that several workers with about the same experience are asked to execute the
same task, independently of each other. A reasonable time usage prediction would
be the same number of hours for all of them. Let us say that we predict the task will
take 100 hours for each worker. Even though their experience levels are very similar
and a reasonable predicted time usage for each of them is the same, we cannot expect
that their actual time usages will be the same. Some will have bad luck, perhaps get
distracted to a larger extent than the others, and spend more than 100 hours, while
others may be more fortunate and spend less than 100 hours. Since we predicted
100 hours for all of the workers, we underestimated the time for the workers with
bad luck and overestimated the time for the lucky workers. If we use actual time
usage as our measure of task size, we see that the ‘large tasks’, defined here as
those with an actual time usage greater than 100 hours, were underestimated and the
‘small’ tasks, defined here as those with an actual time usage under 100 hours, were
overestimated. In other words, the use of actual time usage as our task size measure
has created an artificial magnitude effect where increased task size, measured as an
increased actual effort, is associated with an increased time overrun. On the other
hand, we do know that there is no real connection between time overrun and the true
task size, since the task is exactly the same for all workers. The connection between
task size and overoptimistic predictions is just a result of random variation in the
actual time usage, the degree of luck and bad luck, and the fact that we used actual
time usage as our measure of task size.

Situation 2: The task size is measured by the predicted time usage

People’s time predictions have random components. The randomness of people’s
judgements may be caused by predictions made earlier that day, by what comes to
mind at the moment they make the prediction, individual differences, and so on. This
randomness in time prediction, similarly to the randomness in actual time usage,
can create an artificial association between task size and time overrun. Assume that
several people predict the time they need to complete a task. The task is the same
for all of them and requires 100 hours, independent of the person completing it; for
example, the task may be to watch eight seasons of the Andy Griffith Show. In this
case, people who predict more than 100 hours will overestimate the time usage and
those who predict less than 100 hours will underestimate the time usage. If we use the
predicted time as our measure of task size instead of the actual time as in the previous
example, we have a situation in which the ‘larger’ tasks—which are not truly larger
but just have higher time predictions—are overestimated and ‘smaller’ tasks—those
with lower time predictions—are underestimated. As in Situation 1, there is no actual
relation between the true task size and the degree of over- or underestimation. The
observed association is simply a result of random variation in time predictions and
the fact that we used predicted time usage as our measure of task size.
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The above two situations illustrate that we should expect greater time overrun for
larger tasks when the task size is measured as the actual time usage (or cost) and
greater time underrun for larger tasks when the task size is measured as the predicted
time usage (or budgeted cost). This was also the case in a comparison of the results
from 13 different studies on the magnitude effect [27]; all seven studies that had
used actual time or actual cost usage as the measure of task size found greater
underestimation of larger tasks. This finding is in accordance with the common
claim that overrun increases with increasing task size. In contrast, the studies that
used predicted time usage or budgeted cost as their measure of task size found little
or no underestimation of larger tasks.

So what is the true story about the relation between task size and time over-
runs? One way of reducing the methodological challenges of studying this relation
is through controlled experiments. In controlled experiments, the task size may be
set by the experimenter and there is no need to use predicted or actual time as a size
measure.4 One controlled experiment on this topic used the number of sheets of paper
in a counting task as the measure of task size [28]. Participants received stacks of
paper and predicted how long it would take to count the sheets of paper. An analysis
of the time predictions showed that people were more optimistic for larger stacks of
paper (larger tasks) than for smaller stacks (smaller tasks).5 Other controlled exper-
iments with the task size set by the experimenter have shown similar results: larger
tasks were more likely to be underestimated than smaller tasks were [26]. In fact,
an entire literature shows that people typically underestimate large quantities of any
kind (duration, size, luminance, etc.) more than smaller quantities [30].

Consequently, the true magnitude effect, supported by the findings of controlled
experiments, is that we should expect greater overestimation, or at least less under-
estimation, with smaller tasks and greater underestimation, or at least less overesti-
mation, with larger tasks. A natural question is then what constitutes small and large
tasks? Not surprisingly, what is perceived as small and large and, consequently, the
magnitude effect depends on the context.

An experiment on time perception may serve as a good example of how the con-
text defines whether a task is small or large [31]. In this experiment, people watched
a circle on a computer screen for varying amounts of time (between 494 millisec-
onds and 847 milliseconds) and were asked to reproduce this interval by pressing the
spacebar on a computer keyboard. The data showed that the longer intervals were
underestimated, whereas the shorter intervals were overestimated. The intervals in
the middle of the distribution were rather accurately estimated. The next week, the
participants repeated the procedure but, now, with a change in the range of the inter-
vals (between 847 and 1200 milliseconds). In the first session, the 847-milliseconds
interval was the longest and most underestimated, but in the second session it was
the shortest and was consequently overestimated. This rather elaborate experiment

4The experimental manipulation means that we neutralize the effect of the random variation in the
measure of task size; that is, task size is not a random variable but, instead, a variable fixed by the
experimenter.
5A reanalysis presented in [29].
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(each participant was required to produce about 4500 judgements) demonstrates that
larger stimuli are underestimated by greater amounts than smaller stimuli are and
that the context establishes what is considered large or small. By the way, this result
was also thoroughly documented in a study published in 1910, more than 100 years
ago [32].

The experiment described above shows how judgements are biased towards the
middle of the distribution of a set of durations. Usually, in the context of time predic-
tions, we do not know this distribution and we do not know what kind of information
people take into account in their mental representations of typical or middle time
usage. It is, for example, possible that the time it usually takes to drive to work influ-
ences time usage predictions in other situations, such as predictions of time spent
walking to the nearest grocery store fromhome. The research on the influence of prior
time usage experience, distributions, and time usage categories on time predictions
is very limited.

Time prediction biases, by definition, describe systematic deviation from real-
ity. Biases should consequently be avoided. When it comes to the magnitude bias,
however, it is not obvious that we can or should try to avoid it, especially when the
prediction uncertainty is high. Adjusting judgements towards the centre of the distri-
bution of similar tasks will inevitably produce a magnitude bias, where larger tasks
are underestimated and smaller tasks are overestimated. In the long run, however,
this tendency or strategy actually provides more accurate time predictions. Time pre-
dictions are inherently uncertain and the best strategy in the face of this uncertainty
is often to be conservative and rely on the middle time usage of similar tasks. The
more uncertain you are, themore you should adjust your time predictions towards the
middle time usage of previously completed tasks.When high average time prediction
accuracy is the goal, there may be no need to correct for the magnitude bias.

What about large projects with major time and cost overruns? Are those overruns
the products of magnitude bias? The experimental research on magnitude effects
concerns small or extremely small tasks and we do not know howmuch or whether a
magnitude effect plays a role in the time overruns of larger projects. The magnitude
effect does, however, seem to be at work when predicting the time usage of software
development tasks that are parts of larger projects. Dividing software development
tasks into smaller subtasks, for example, has been observed to increase the prediction
of the total time usage [33].

Take home message 1: Larger projects have been frequently reported to suffer from
greater underestimation than smaller projects (magnitude bias) but, with observa-
tional data (as opposed to controlled experiments), this association between task size
and prediction bias may be due to statistical artefacts.

Take home message 2: Controlled experiments, avoiding the statistical problems
of observational studies, suggest that a magnitude bias actually exists, at least for
predictions of relatively small tasks.
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Take home message 3: Predicting that the time usage is close to the average of
similar tasks will result in a magnitude bias but may also increase the accuracy of
the predictions in situations with high uncertainty.

5.6 Length of Task Description

A group of software developers was asked to predict the time they would need to
develop a software application. The software application was described as follows:

The application should take one picture every time ‘ENTER’ (the Return key) is pressed.
New pictures are taken until the person is satisfied and selects one of them. During the
picture taking and selection process, the last 20 pictures should be displayed on the screen.
The selected picture should be stored on the hard disc as a.jpg file with proper naming. The
application should run on a Microsoft Windows XP platform and work with an Apple iSight
web cam that features auto focus. This camera comes with a Java interface, and is connected
to a Dell Latitude D800 laptop. The laptop is connected to the local area network available
at the premises (10 Mbit/s).

Another group of software developers received the following, longer task description:

The application should take one picture every time ‘ENTER’ (the Return key) is pressed.
New pictures are taken until the person is satisfied and selects one of them. During the
picture taking and selection process, the last 20 pictures should be displayed on the screen.
The selected picture should be stored on the hard disc as a.jpg file with proper naming. The
application should run on a Microsoft Windows XP platform and work with an Apple iSight
web cam that features auto focus. This camera comes with a Java interface, and is connected
to a Dell Latitude D800 laptop. The laptop is connected to the local area network available
at the premises (10 Mbit/s).

The e-dating company sugar-date.com specializes in matching e-daters (people looking for
a friend/partner/etc.) based on an extensive personal profile with 70 dimensions. The profile
is based on questions that are carefully formulated and selected to establish and enable the
matching of the preferences of both young and old. The matching process is performed by a
sophisticated algorithm that has been developed by leading researchers in psychology. The
matching process results in, for each of the relations to othermembers of a database of people,
a score between 0 and 100. This unique system has received worldwide attention. In fact,
many of the features in their matching processes have led other major e-dating companies
to change how they do their matching of e-daters. The e-dating system on sugar-date.com is
also used for e-dater parties—these are large dating party events, held at up-class restaurants
and clubs. At the premises, PCs, digital cameras and printers provide each e-dater with a
card showing the photo of the 18 other e-daters present who are their best e-dating matches
(highest scores). As members arrive at the party, they are guided to one of many locations
inside the premises where they can have their photo taken. The photo is attached to their
profile and printed on the cards of those who have them as one of their 18 best matches.
Many of the members are concerned that they look good on the photo (naturally), so several
shots are often necessary. At present, the photographing process is quite slow, due to the
many manual steps involved in taking, picking and storing the photos. The managers of
sugar-date.com are as always eager to improve their business processes and are not satisfied
with the current photo capturing.
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If you read the two task specifications carefully, you will, probably even without
any software development competence, see that they have the first part in common
and that the text added for the second group does not add any information useful
for developing the software. Rationally speaking, the task is the same and the time
predictions should be the same for the two groups. The experiment, however, found
that the longer text led to substantially higher time predictions. The median time
prediction was 66 work hours for the short version and 90 work hours for the longer
version [14]. The software developers seemed to have used the length of the descrip-
tion and not just the actual work requirement as an indicator of the time required
for the task. Similar effects were found among students, who predicted that they
would need much more time (40% more, on average) to read a text printed on 40
double-spaced, single-sided pages than the same text printed on seven single-spaced,
double-sided pages [34].

Based on the above two studies, one may gain the impression that it is easy
to manipulate time predictions by increasing or decreasing the length of the task
description. However, this was not the result from a field experiment with software
companies [15]. In this experiment, one group of software companies received a spec-
ification on a few pages and another group received the same specification on many
more pages. The median time predictions of the two groups were about the same.
The effects of increased task description lengths on time predictions are remarkable
when they occur, but they may not be very large for important time predictions in
real-world contexts made by people experienced in the task.

Take home message: Longer task descriptions tend to increase the time predictions,
but the effect may be weak for important real-world time predictions by people with
relevant experience.

5.7 The Time Unit Effect

Do you feel that 365 days is longer than one year? Most people seem to feel that
way. The likelihood of starting a diet is, for example, higher when the diet program
is framed as a one-year plan rather than a 365-day plan [35]. If you find this effect
amusing, an even more remarkable and frightening result was reported in a study on
judges [36]. Active trial judges were given hypothetical cases and asked to decide
what would be the appropriate length of the prison sentences for the offenders. One
group of judges was asked to give sentences in months and the other group was asked
to give sentences in years. The average length of the sentences, when given in years,
was 9.7 years, whereas the average length of the sentences for the same crimes, when
given in months, corresponded to 5.5 years (66 months). So, if you happen to commit
a crime, you should really hope that the judge gives your sentence in months, or,
perhaps even better, in weeks or days, rather than in years.

If we feel that 365 days or 12 months is longer than one year, we should also think
that it is possible to complete more work in the same time frame when the prediction



68 5 Time Prediction Biases

uses a time unit of fine granularity, that is, a unit that leads to high numbers. For
instance, we should feel that we are able to complete more work in 40 work hours
than in five work days of eight work hours each. Being affected not just by the actual
magnitude of the work, time, or other quantities but also by the nominal values used
to describe the magnitude is called the numerosity effect [37].

The numerosity effect is not the only reason we should expect higher time predic-
tions when using, for instance, work weeks rather than work hours. The unit itself
may indicate what the person requesting the prediction thinks about the time needed.
A person would hardly ask how many months a project will take unless the work
is considered substantial. Consequently, the granularity of time units may work as a
sort of time prediction anchor. Asking for time usage predictions in person-months
makes people think of the task as large, whereas asking for predictions in work hours
makes people think the task is smaller. The influence of the unit itself is called the
unitosity effect [38].

We would expect that both the numerosity and unitosity effects lead to lower time
predictions with finer granularity time units, as in predicting time usage in work
hours instead of work days or person-months. Is this really the case? Can we affect
people’s time predictions simply by requesting them in a different time unit?

To test this, we invited 74 software professionals, all experienced in predicting
time usage, to participate in an experiment [39]. Half of them predicted the software
development time usage in work hours and the other half in workdays. The latter
group also indicated how many work hours they usually included in one workday to
enable a conversion fromworkdays to work hours. Two tasks were predicted: For the
first, smaller task, those predicting time usage inworkdays predicted almost twice the
number of work hours as those predicting in work hours (88 vs. 45 work hours). For
the second task, the relative difference was smaller (335 work hours when predicted
in workdays vs. 224 work hours when predicted in work hours) but still substantial
and in the expected direction.

The effect of the time unit seems to be less important when predicting the work
to be completed in a given amount of time, as opposed to predicting the time to
complete a task. In an unpublished study, we asked students howmany pages of their
psychology book they could read in either half an hour or 30 minutes. The mean
values of the predictions were practically identical (about nine pages). We have also
conducted an unpublished study on software development tasks that showed no effect
of the units when people were asked how much they thought they would accomplish
within a given time frame.

Take home message 1: The selection and use of units in time predictions matters.
Coarser-granularity units tend to lead to higher time predictions. In a context where
overoptimistic time predictions are typical, it is important to avoid predicting time
in finer granularity time units, such as work hours for tasks that require several
person-months.

Take homemessage 2: The choice of time units when predicting the amount of work
to be completed in a given time seems to have little or no effect, such as in predicting
the amount of work that can be completed in two hours versus 120 minutes.
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