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Abstract. Software process improvement efforts often seek to shorten develop-
ment lead-time. A potential means is to facilitate architectural changes by pro-
viding a design rationale, i.e. a documentation of why the architecture is built as
it is. The hypothesis is that changes will be faster and more correct if such infor-
mation is available during change impact analysis. This paper presents a control-
led experiment where the value of having access to a retrospective design
rationale is evaluated both quantitatively and qualitatively. Realistic change
tasks are applied by 17 subjects from both industry and academia on two com-
plex systems from the domain of embedded real-time systems. The results from
the quantitative analysis show that, for one of the systems, there is a significant
improvement in correctness and speed when subjects have access to a design
rationale document. In the qualitative analysis, design rationale was considered
helpful for speeding up changes and improving correctness. For the other system
the results were inconclusive, and further studies are recommended in order to
increase the understanding of the role of a design rationale in architectural evo-
lution of software systems.

1 Introduction

Improvement of the software design process may include the introduction of activ
related to better and more elaborated documentation of a system’s architecture.
cally, architecture documentation describes what is present in the architecture in term
of its constituents. It may also be beneficial to spend time on the creation of De
Rationale (DR) documentation, i.e. descriptions of why a software architecture is built
as it is. A major argument for introducing DR, is its potential benefit as a tool w
making changes to the system in the context of architectural evolution. A change
includes the activity of change impact analysis, where changed and added archite
tural components are identified [3], and it can be argued that the rationale for the 
tecture is vital information when analysing how new or changing requirements im
the design. However, all expansions of the software development process may 
lead-time negatively, as there of course is a cost associated with documenting 
tem. This cost must obviously be balanced to the potential gain.

This paper presents an empirical study on the effectiveness of DR in software
lution. The main research question is: How effective is DR as a support for ch
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impact analysis? The main motivation for the presented research relates to the general
need for a better understanding of how process changes relate to product and process
quality. In the presented research, the product quality in focus is maintainability and
the process quality in focus is development lead-time.

The importance of having a short product development lead-time has been argued
by many, e.g. [11, 26, 35]. A short product development lead-time increases access to
the market introduction window. This in its turn increases the chance of market
dominance [34] and decreases the risk of market lockout [28]. Being early on the mar-
ket also enhances the market’s education on a particular product, and increas
likelihood that market survey information still is valid at actual mark
introduction [31]. Not being late to market is also an issue for shareholders; in a 
reported in [16], the average stock value drop was more than five percent whe
announced product was later than expected. In [4], a company witnessed that 
only one week too late to market resulted in the total annihilation of the potential 
ket, and several million dollars of software investments were wasted. These are e
ples of an important quality of service that software companies are faced with to
Extremely short time to market or time to customer. Improvements to the softw
development processes is one way of increasing the development speed.

Short lead-time is, however, not only a requirement for the first member of a p
uct family. For example, in the mobile phone industry, new versions built on exis
products have to be release regularly to keep the consumer interest high, and new
ices that work together with existing systems must be regularly introduced at a
pace.

Maintainability and controlled evolution of a system is dependant on the un
standing of what is currently present, as changes in design are affected by the
design [12]. This understanding is perhaps best acquired through experience in 
ing with the system, or at least through communication access to its original dev
ers. Unfortunately, it is not always possible to communicate with the designers o
original system architecture, or they may have problems recalling the structure o
system. Examples include systems developed with a high staff turn-over and sy
made by consultants that leave the contractor after the first version of a system
been accepted. For these systems, it is desirable to establish communication w
available over time, and a documentation of DR is, in this situation, assumed 
important for the understanding of the present system architecture.

The problems that occur when changes are being made to poorly understood
lems have been highlighted by e.g. [5, 7]. An important problem is architect
erosion [25]: A system that is being changed when the architecture has not been 
stood erodes into an entity where new change requests are becoming harder and
to fulfil, and eventually a change request is either impossible to accommodate,
results in more new errors than those potentially being fixed. This is a serious pro
in domains where lead-time is an important issue, since lead-time accelerating a
ties such as product-family or product-line reuse requires a strong grip of the arc
ture. In the light of these arguments, we have designed a controlled experime
investigate the hypothesis of DR documentation being an effective means for sup
ing change impact analysis.
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The paper is structured as follows. Section 2 gives a brief description of the
selected approach to design rationale documentation. Section 3 explains the variables
and hypothesis being studied, as well as the design of the experiment. In Section 4 the
data from the experiment is analysed, and in Section 5 the results are interpreted in
relation to the hypothesis of the experiment together with conclusions and issues of
further research.

2 Object of Study: A Specific Approach to Design Rationale 
Documentation

DR was early suggested as an important part of software architecture [25], and in [1]
the importance of documenting DR is also recognized. According, to Shum [29], DR
research originates from argumentation formalisms (e.g. [32, 33]), hypertext represen-
tational technology [8, 14, 24], design research [10] and software engineering. This
paper focuses on software engineering aspects, as it investigates the potential business
value of DR in an actual software design environment.

A DR is a kind of documentation, that not necessarily must be produced before the
first release of a system. Instead, it can be written after the development of the first
generation of a system as a retrospective DR [29], albeit with the risk that the DR is
biased by the person writing the DR [21]. A retrospective DR does not delay the mar-
ket introduction of the first generation of a system, as does a narrative DR [29], written
during the initial development.

There are many approaches to both representing and manipulating a DR [17, 20].
A weakness in some approaches to DR, e.g. QOC [29], rIBIS [27], is that they may
need substantial training in order to be used effectively. Another weakness is the weak
association between a DR document and the actual code. This is a problem, since
designers usually dislike making additional documentation [29]. Also, it has been
noted that some kind of style guide is necessary if a good DR should be produced, and
a structure of DR has been asked for in [29].

Our approach to DR is very simple, yet it tries to address the previously discussed
deficiencies: For each aggregation level [6] in a system, the original designer should
write a short note on why it is broken down into the lower aggregation levels, and what
the purpose of each component is. This ensures that the DR has a strong association
with the code, and that the DR’s size is limited which is not the case for e.g. a 
DR [18]. On a system level, comments should be made on only four standar
headings: Organization of system into files, use of language constructs, main dyn
architectural principles and finally, clues to understanding the system. Togethe
DR provides explicit information for Kruchten’s [19] development view and impli
information on any of the logical, the synchronization, and the physical views. 
value of structuring the DR according to the 4+1 View Model [19] is that its inform
tion content is field-proven to be useful in architecture level design. The reason
architectural level design is addressed is that during this level of design, decisions
system-wide implications must be taken, which both constrain a system’s na



change room, as well as facilitates changes within this room. Thus an architectural
understanding is crucial for maintaining flexibility in a system during its evolution.

The suggested approach has several strengths. First of all, it requires only little
training. The writing of a DR for a component at a particular aggregation level can be
prompted by a code entry tool, resulting in higher likelihood of actually producing the
documentation. Since the documentation follows the structure of the code, the likeli-
hood of the appropriate DR being found when changes are being performed increases.
Since the DR documentation is tightly associated with the code, the likelihood that it
will be maintained when code changes increases, as a designer does not have to go
through the a tedious of updating multiple documents. Apart from this, the approach
scales well also to large systems, unlike e.g. QOC [18], and can easily be used with
many existing case tools which is important since those generally lack the explicit abil-
ity to capture design rationale at different levels of abstraction [13].

In summary, the chosen DR approach which is the object of this empirical study
includes natural language explanations of (1) the rationale for the static structure of the
system, (2) the organization of the system into files and (3) rationale for other design
decisions considered important, when the original designers subjectively thinks about
future likely product changes.

3 Experiment Planning and Operation

The experiment is motivated by the need to reduce the time spent in changing complex
systems when it is not possible to communicate with the original developers, or the
original developers have forgotten much of the system at hand. The aim of this study is
to evaluate the effectiveness of having access to a simple textual design description,
where care has been taken to motivate why the system is designed in the way it is, i.e.
a DR is available.

The experiment is defined as follows:
• Object of study: A textually represented DR combined with some system static

architectural description [6] at various aggregation levels [6].
• Purpose: The effectiveness of a DR is studied. Effectiveness is measured in terms

of how well change requests are being performed, as well as how long time these
change requests take to fulfil.

• Perspective: Single experienced developers coming to a new system, without pre-
vious knowledge of it.

• Context: The effectiveness is measured when attempting changes to two real-time
systems: A local telephony switch control software and a car cruise control system.
Participants are from two groups: Senior industrial designers and a group of Ph.D.
students and faculty members in software engineering.

3.1  Variables and Hypotheses

The independent variables are variables that we can control and manipulate [37].
There are two independent variables: The provision of a DR - or not, and the system
where change requests are applied on. Our main hypothesis is that people design dif-



ferently when having access to a DR. Three more formal hypotheses are shown in
table 1. All hypotheses are tested at p≤0.10 on a Windows PC running SPSS version
9.0. The level of significance is chosen beforehand to avoid fishing for particular
results.

3.2  Design

There are 17 participants in the experiment of which 7 are industrial senior designers
active in a designated software architecture group. The rest are faculty members or
Ph.D. students with varying industrial experience. All participants have received train-
ing in the formality of the source models used, the form of the change requests, and
how to indicate where they believe that changes are requested in order to fulfil each
change request. The participants have been exposed to two or three systems, and a
number of change requests for each system. One group of participants has had access
to a DR, and the other group has not.

Before the experiment, all participants filled in a form describing their knowledge
and experience. In total, 17 aspects of their experience and knowledge have been
asked for. The experience from real-time systems and the modelling language have
been used to randomize participants regarding their access or no access to a DR. The
reason that these two aspects have been used to randomize participants is that these
aspects have been seen in a prior experiment to have a relatively large correlation with
the ability to quickly identify errors in distributed real-time systems [2] of similar
complexity as those studied in this experiment.

In the beginning of the experiment, an introduction and an overview of the model
language used to describe code, SDL [30], were given. SDL describes the code graph-
ically using extended finite state machines, which can be hierarchically grouped. The
introduction was guided by slides. These slides were available to all participants as
handouts. These handouts were used as a reference when the code was studied, in case
something in the modelling language should be unclear. Through the introduction and
the model language overview, it was made sure that all participants had a reasonable
understanding of the code modelling language and initial learning effects would not

Table 1. Hypotheses. 

Hypothesis

:  There is a difference in how long 

time it takes to complete the change tasks depending on whether a DR is available 
or not. Null hypothesis: There is no difference in this aspect.

:  There is a difference in how 

large percentage of the required changes are correctly suggested when a DR is 
available and when it is not. Null hypothesis: There is no difference in this aspect.

:  There is a difference in how 

many superfluous, incorrect or unsuitable changes are suggested when a DR is 
available and when it is not. Null hypothesis: There is no difference in this aspect.

Sys System A, System B{ }∈

Ht Sys 1, , tChange Sys WithDR, , tChange Sys NoDR, ,≠

HPercOK Sys 1, , PercOKSys WithDR, PercOKSys NoDR,≠

HNoExtra Sys 1, , NoExtraSys WithDR, NoExtraSys NoDR,≠



). An
quests
ange
 e.g.

he
hich
er
he

atic
are

 i)
e

nd
are

ll as
 is
ses.

ts
eir

he
ed as
ed.
tic

are
d to
ntly
affect the experiment. It was also made certain that everyone knew what to do and how
to fill in the forms.

All participants were first assigned four change requests in random order, that
required changes to a local telephony system – system A (described in table 2
example change task is shown in Figure 1. The change requests are realistic re
for new services. The author writing the DRs has had no knowledge of the ch
tasks to come, thus reflecting reality. This seem to differentiate this study from
[15] and several studies in [29]. 

Table 2. Description of systems

System A is a real-time system that controls the operation of a local PBX. T
software is based on asynchronous processes, and it is modelled in SDL [30], w
is a high-level well-defined language. The requirements specification is rath
complete and well-written. The system has previously been described in [36]. T
system is described at 3 aggregation levels containing seven different st
software processes. The maximum number of concurrently executing softw
processes is 28.

System B is a real-time system written in SDL that consists of two distinct parts:
A car cruise control and ii) a test-driver stub for i). The test-driver allows th
simulation of a road and driver actions while allowing monitoring of speed a
dash-board indicators. The system is in industrial use. The requirements 
described on less than a half page of text. This specification is incorrect as we
incomplete - a too common situation in an industrial context. The system
described at 5 aggregation levels containing 18 different static software proces
The maximum number of concurrently executing software processes is 18.

System C is a building access control real-time system written in SDL that consis
of two distinct parts: i) A part that is a central database for key-cards and th
authorization and ii) A part that is the real-time handler for each door. T
requirements are described on four pages, and the requirements are consider
being correct and complete. Their is also a short definition of the vocabulary us
The system is described at 3 aggregation levels containing 2 different sta
software processes. The maximum number of concurrently executing softw
processes is potentially unlimited, depending on the number of doors connecte
the system. In the program provided to the participants, there are 2 concurre
executing software processes.

Fig. 1. Example of change task

Purpose:
The system must be updated in order to maintain speed and safe distance from other vehicles.
A highly sensitive radar will be used to precisely locate the position of the cars ahead and
behind. The cruise control should be able to take advantage of this new functionality. All the
described functionality must be implemented.

Description:
Detailed description (e.g. it must be possible to set the distance using particular switches)



For practical reasons, the maximum time allowed for each change request was nine
minutes, not including maximally 5 minutes for studying the extent of documentation
and reading each change task. The suggested change impact is recorded in a form
where it is possible to indicate components requiring internal change, as well as addi-
tion of new components at various aggregation levels. Parts of such a form is illus-
trated in Figure 2.

After the change tasks related to system A, the participants have been exposed to
either of two experimental designs. The reason for this is that it was seen that the first
pilot experimental design did not work well - in short, there was so little time available
for the change requests that the participants did not succeed at all in delivering answers
to the change requests.

Design I (pilot): After the telephony switch control system, both a car cruise con-
trol system and a building access control system was provided in random order,
together with four change requests for each system, with the change requests for each
system in random order. The time limit for each change request was maximized to nine
minutes for practical reasons. In practise, this limit proved to be far to low for the
cruise control system (system B, described in table 2), and the building access control
(system C) proved to be so simple that almost all participants gave equal answers.
Therefore, only data from the telephony switch control systems are retained and ana-
lysed in this paper.

Design II (main run). After system A had been addressed, all participants were
faced with the cruise control system. Only two change requests were provided in ran-
dom order. These change tasks were sampled from a commercial patents database. The
time-limit for these two change requests were maximized to thirty minutes each. In
practise, this design worked well, since there was ample time to comprehend the cruise
control system.

Finally, after completing all change tasks, the participants were interviewed to get
some subjective data. The interviewer used a predefined order of asking defined ques-
tions, i.e. schedule-structured interviews have been performed. This kind of interview
ensures that variations in answers to as large extent as possible are attributable to the
respondents and not from variations in the interviews [23].

Each change task is compared to a system expert written solution, containing
required change-points (both additions and changes in Figure 2). Indicated changes
that are not part of the expert solution are called superfluous change points.

Indicate where you believe you will have to make changes for the current change task here.

What (Components in
software)

An X indicates that
you believe you would
like to make a change

An X indicates that you would
like to add a SDL-process or an
SDL-block in this block

Cruise_Requirements
Analysis

Cruise_Requirements
Analysis_Domain

CruiseCar
Fig. 2. Parts of form for recording where changes are likely, i.e. “change points”
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3.3  Threats to Validity

The validity of the findings is highly dependent on how well threats have been han-
dled. Four types of validity threats [9] are analysed: Threats to conclusion validity,
construct validity, internal validity, and external validity. The relationships between
these are illustrated in Figure 2.

Conclusion validity. Conclusion validity (marked 1 in Figure 2) concerns the rela-
tionship between the treatment and the outcome. Care has been taken not to violate any
assumptions made by the statistical tests. All time measurements have minutes as their
unit, and the participants have been instructed to use the same clock during all meas-
urements. Combined with the fact that there is no gain for a participant in adjusting
their measurements, the reliability of measures should be good. There is a risk that par-
ticipants have used the supplied DR in different ways, but this threat has been
addressed by explicitly allowing time for studying the available documentation for
each system, before the change tasks were delivered to the participants. There are no
random irrelevancies (such as mobile phone calls during the experiment) that we are
aware of. The threat of a large random heterogeneity of subjects have been balanced by
proper randomization of participants and treatments. Each participant has been
assigned individually to a group firstly depending on their self-assessed knowledge of
real-time systems, secondly depending on their knowledge of system A (some partici-
pants have seen this system before). To the best of our beliefs, the individual perform-
ance has been cancelled out, as has the effect of learning the systems during the
experiment.

Internal validity (2). This validity concerns matters that may affect an independent
variable’s causality, without the knowledge of the researcher. Maturation effects 
been countered by making sure that the experiment does not take more than two
half hour to conduct. The random order of change requests should cancel any
maturation and learning effects. There may be selection effects present, since th
ticipants have been unusually well educated or well-experienced designers. How
we do not think that this affects the results other than that the difference betwee
group that had access to DR and the other group, without DR, may be smaller tha
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What you test
Independent Dependent

cause-effect
construct

treatment-
outcome
construct

Cause
construct

Effect
construct

Treat-
ment

Out-
come

1 2

4
3 3

Experiment objective

variable variable

Fig. 2. Experiment principles as described in [37]



less experienced group of participants. There has been no mortality during the experi-
ment. Since the experiment was given with and without DR at the same time, the con-
trol group (without DR) cannot have learned about the treatment (access to DR) in
advance, and thus cannot have imitated the solution strategies used by the DR-
equipped group.

Construct validity (3). Construct validity concerns whether we measure what we
believe we measure. There are two main threats to construct validity: Design threats
and social threats. 

As there are several change tasks and two different systems, the effect of peculiari-
ties of a single system/change task should be low. We know of no confounding level of
constructs, and the participants have been randomized as to cancel any effect of having
different knowledge and experience a priori the experiment. Given the careful presen-
tation of the experiment and the full anonymity provided, there should be no social
threats.

External validity (4). This last validity concerns generalization of the findings to
other contexts and environments than the one studied. There may be some problem
with generalizing the results to less experienced groups, such as students going
directly from university to industry, since all participants are either very well-educated
or have a senior designer experience level. However, we believe that the difference
between the group receiving DR and the control group, without DR, should be bigger
in a group with less experienced designers. The change tasks are considered realistic
for system A and very realistic for system B since the change tasks are sampled from a
patents database. Thus they should be representative in an industrial environment.
System B as well as its accompanying documentation are industrially operational sys-
tem, while system A is an educational system, but of such size and complexity that we
believe it to be comparable to industrial systems.

In summary, great care has been taken in the design of the experiment, so the threats to
validity should be under control.

4 Data Analysis

The purpose of this section is to present results and statistical analysis of data col-
lected. The experiment provides quantified data. The hypotheses have been tested
using the non-parametric Mann-Whitney test, at p≤0.10. The results are presented in
sections 4.1 and 4.2. The subjective data from interviews are investigated in
section 4.3.

4.1  Analysis of Experiment Data, System A

For the change-tasks for system A, there is a statistically significant difference in both
the time spent on the change tasks as well as the quality of the predicted changes,



based on data from 57 completed change tasks. All data are illustrated in Figures 3-5,
and the results of the statistic analyses are summarized in Table 3. No participants are
treated as outliers in the analysis. The boxplots all show an improvement (Figures 3
and 4) or at least no clear difference (Figure 5) between the group having access to a
DR, and the group that does not. The statistic tests reflect this, by rejecting the null
hypotheses  and .

The null hypothesis  is not rejected. This is interpreted as that there
is no clear difference between the two groups in this aspect. This interpretation is
strengthened from figure 5.

4.2  Analysis of Experiment Data, System B

For the change-tasks for system B, there is a no statistically significant difference in
neither the time, nor any of the quality measurements taken for the change tasks. This
is based on data from 20 completed change tasks. All data are illustrated in Figures 6-
8, and the results of the statistic analyses are summarized in Table 3. No participants
are treated as outliers in the analysis. Judging from the medians in the figures, there is
a trend showing that it is beneficial to have access to a DR. For example, the median
time for accomplishing each change task decreases from 20 minutes to less than 15
minutes, while the median of correctness in answers increases. These results are simi-
lar to those from system A, which strengthens the position that a DR can be beneficial.
However, the Mann-Whitney test does not detect any significant difference in any case
tested.

Table 3. Summary of statistical analysis at significance level 

Mann-
Whitney Illustration

Mann-
Whitney Illustration

Reject Figure 3 No reject Figure 6

Reject Figure 4 No reject Figure 7

No reject Figure 5 No reject Figure 8

Ht SysA 0, , HPercOK SysA 0, ,
HNoExtra SysA 0, ,

Fig. 3. System A, time 
used for change tasks

With DR No DR

Minutes

0

4

8

12

Fig. 4. System A, percentage of 
required change points

With DR No DR
0

25

75

50

100

%

Fig. 5. System A, number of 
superfluous change points

With DR No DR
0

1

2

3

4
No.

p 0.10=

Sys System A= Sys System B=

Ht Sys 0, ,

HPercOK Sys 0, ,

HNoExtra Sys 0, ,
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It is possible that the statistical tests cannot detect a significant difference between
the two groups, given the lower number of data-points (20), and rather small difference
between the groups. Therefore, the results are inconclusive for this system.

4.3  Analysis of interview data

This section presents some subjective data elicited during the interviews. One of the
questions asked was “How much faster can you solve the change task (comfo
well) with access to a DR?”. The results are presented in figures 9 and 10. The p
pants believe that there is some improvement in development lead-time with acc
a DR for the less complex system A, and a high degree of improvement for the 
complex system B.

Another question was “To what degree do you think that a DR increases your
rectness in change predictions?” with results presented in figures 11 and 12
participants indicate no or a little improvement for the less complex system A, a
much higher degree of improvement for the more complex system B.

It should be noted that the participants appreciated the DR more for the com
system B than for the less complex system A. No participants claimed that ha
access to a DR was harmful. Several participants witnessed that they believe th
effectiveness of the DR decreases as the system at hand gets better known.

5 Summary and Conclusions

This section gives an interpretation of the results presented.

Fig. 6. System B, time used 
for change tasks

With DR No DR
0
5
1

2

3

1

2

Minutes

Fig. 7. System B, percentage 
of required change points

With DR No DR
0

25

75

50

100

%

Fig. 8. System B, number of 
superfluous change points

With DR No DR
0

1

2

3

4

No.

Fig. 9. System A, change in 
lead-time with access to DR

% of participants

1 2 3 4 5 6
Improvement category

0

20

40

Fig. 10. System B, change in 
lead-time with access to DR

% of participants

1 2 3 4 5 6
Improvement category

0

20

40

Improvement categories

1 No opinion

2 0-19% faster with DR

3 20-39% faster with DR

4 40-59% faster with DR

5 60-79% faster with DR

6 80+ % faster with DR
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Regarding system A, it did take significantly shorter time for the participants to
accomplish the change-tasks when having access to a DR, and the quality of the results
were significantly better or possibly equal than for the group that did not have access
to a DR. These objective results are further reinforced by the subjective interview data.

Regarding system B, the picture is not as clear. The median time used for the
change tasks is shorter for the group having access to DR than the non-DR group. The
median percentage of correctly indicated change points is also better for the DR-group.
However, this result is not statistically significant. There may be many reasons for this,
such as unrealistic experimental procedures, too few data points (there are much fewer
data points for system B, since we discarded all data related to this system from the
pilot run of this experiment), or that qualities in the system itself affect the effective-
ness of having access to a DR. Regardless, it calls for further analysis.

Information from the interviews suggests that the participants liked having access
to a DR. They believed that could work both faster and better, and a Mann-Whitney
test shows that the group that had access to a DR believed they would need signifi-
cantly (p≤0.10) shorter time to solve the change-tasks related to system B than the
group without a DR. All participants believe that they work faster and better with
access to a DR, than when no DR is available, when no other documentation is availa-
ble than the source code and the requirements specification.

In short, we conclude the following and suggest some future lines of work:
It is likely that having access to a DR expressed in the suggested way have a posi-

tive impact on both lead-time as well as quality when experienced designers are faced
with the task of predicting where changes must be performed on an unknown real-time
system. However, it is possible that there are better ways of achieving the same results
using other models or ways of transferring the sought for knowledge to maintainers.
For example, participants frequently indicated that they needed a static architecture
overview and sequence diagrams/MSCs. Further experimentation is needed to find out
what is “the best” model for various purposes.

In projects where lead-time is important it is possible that a sharp schedule pr
its the creation of models during design. In that case, writing a DR in the sugg
manner after initial system release may be a cheap, yet effective way to facilitate f
system evolution, without prolonging the time to initial system release. This resul
easily be incorporated in standard development processes.

Fig. 11. System A, change in 
impact prediction correctness 
with access to DR

% of participants

1 2 3 4 5 6
Improvement category

0

20
30

10

40

Fig. 12. System B, change in 
impact prediction correctness 
with access to DR

% of participants

1 2 3 4 5 6
Improvement category

0

20

40

Improvement categories

1 No opinion

2 It makes predictions worse

3 It does not affect correct-
ness at all

4 I become marginally more 
correct

5 I become more correct

6 I become a lot more correct
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