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Abstract—The software engineering industry should be the 
laboratory of much, perhaps most, of the empirical software 
engineering research. Not only would this create a more 
realistic context and higher external validity of the empirical 
research, it would also ease the result transfer and make the 
results more convincing for the industry. Unfortunately, this is 
currently not the case. About 90% of software engineering 
experiments are, for example, conducted with students instead 
of software professionals as subjects. One reason for the lack of 
industry studies may be that an efficient and sustainable give-
and-take-based collaboration between research and industry 
can be difficult to establish. The collaborations are frequently 
fragile, end before the research is completed, and lead to a 
waste of resources for both the researchers and the industrial 
partners. This paper presents stories and lessons learned from 
failed and successful research-industry collaborations. It has a 
focus on experience with the use of non-traditional 
collaboration types, such as payment to get industry 
participation in experiments, trade-based collaboration, 
lightweight collaborations at industry venues, and network-
based collaborations. It is argued that empirical software 
engineering research should more often consider the use of 
alternative types of research–industry collaborations than 
those traditionally chosen. 
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I.  FIRST STORY: FREDERIK WINSLOW TAYLOR 

Before moving into stories about empirical software 
engineering industry–research collaboration, let us look into 
one of the first and most famous research–industry 
collaborations on empirical studies in industry. The head 
researcher was Frederik Winslow Tailor, later known as the 
founder of scientific management, the company was 
Bethlehem Steel, and the collaboration started in 1898. 
Taylor, although he was from a wealthy family and was 
accepted to Harvard University, went into industry. He got 
an extensive industry background by starting as a machinist 
and working his way up the career ladder to become a shop 
superintendent at Midvale Steel. Later on, he opened a 
consulting practice specializing in the improvement of work 
practices in the manufacturing industry. From the beginning, 
he was strongly empirically oriented. He thought that most 
processes, including physical and mental work processes, 
could and should be analyzed to eliminate non-productive 
steps, and he advocated empirical studies on the effect of 

process and tool changes. He was consequently among the 
very first proponents of evidence-based engineering. His 
strong focus and research on reducing waste in work 
processes, which inspired Henry Ford and, in turn, Toyota’s , 
and software engineering production processes, implies that 
he in many ways is the grand-father of lean and agile 
software development [1]. 

One of Taylor’s empirical studies at Bethlehem Steel 
concerned the design of shovels. One may think shovels, 
used for thousands of years by so many, would get an 
optimal design just by trial and error. The shovels used at 
Bethlehem Steel (and elsewhere) were, however, far from 
optimal. Research on the optimal shovel design was non-
existent, or at least not known to those who could make use 
of it, and both the managers and the workers at Bethlehem 
Steel seemed to be ignorant about the importance of shovel 
design. One of Taylor’s main observations was that all the 
workers got the same shovel regardless of the density of the 
substance (e.g., gravel, sand, or coal) they were shoveling. 
This could not be optimal, Taylor thought, and he conducted 
a number of empirical studies on so-called first-class 
workers testing out different shovel designs. These studies 
found, amongst other things, that 9.7 kg was the optimal 
weight to put on a shovel and that the shovels should be 
designed, relative to the density of the substance, to fit that 
weight [2], see Fig. 1. 

 
 

 
Figure 1. The optimal weight to put on a shovel (from Taylor’s notes) 

 
Taylor introduced about 10 new types of shovels, 

together with several management changes (often not 



mentioned by those referring to the effect of Taylor’s work), 
and claimed to have reduced the need for people shoveling, 
so-called yard laborers, from 400–600 to about 140 at 
Bethlehem Steel. 

Newer studies suggest that the optimal weight put on a 
shovel for most workers is likely to be lower than what 
Taylor found (i.e., around 5–7 kg and dependent on factors 
such as shoveling speed and whether you want to minimize 
energy consumption or maximize production) [3]. This 
indicates that Taylor’s first-class workers were stronger than 
the subjects used in later studies, which is seldom discussed 
when presenting the results and illustrates the importance of 
presenting and understanding the context of empirical results 
in industry. 

Although Taylor’s empirical research produced many 
productivity-enhancing results, he seems to have had 
problems convincing the management at Bethlehem Steel to 
use several of them. He got into problems with the labor 
union, and many workers were not happy with the changes 
he managed to implement. He was also accused of 
exaggerating the effects of the process changes and that his 
research was flawed [4]. However, even if the actual impact 
of Taylor’s research findings is much less than he claimed, 
and his research designs were not optimal, there is no doubt 
that his ideas about empirical studies on work processes have 
had, and still have, a huge impact on industry [1]. 

What can we learn from Taylor’s experience with 
industry collaboration and his success in having long-lasting 
industry impact? The research was conducted more than 100 
years ago, and there are numerous differences between the 
mainly manual and low-skill work he studied and software 
engineering today. In spite of the differences, I think there 
are several observations regarding Taylor’s work with 
industry that may be useful to reflect on and learn from: 
• Addressing real, and preferably strongly felt, problems 

is key to getting industry-management priority and 
collaboration success. Taylor was originally hired by 
Bethlehem Steel to solve a strongly felt issue related to a 
costly machine capacity problem. He seems to have 
been able to use this problem solving as a stepping stone 
to do other, more interesting (at least from a researcher’s 
point of view), research. The first step of a successful 
collaboration may be to identify shortcomings or issues 
strongly experienced as problematic by the industry 
itself. 

• An extensive industry background, preferably with 
experience from all involved processes, seems to be a 
great advantage for success with collaborations. Taylor 
did not come equipped with an empirically based 
research method alone but with lots of knowledge about 
the work processes. Many of the problems he addressed 
were problems he had experienced himself. He was able 
to speak the language of industry and understand their 
problems in depth. That is not to say that Taylor 
understood all aspects of value. His ability to understand 
the human and psychological aspects of the workers 
was, as illustrated by many stories about him, not well 
developed. This seems to have limited his impact and 
explains why he, and partly scientific management 

itself, got the reputation of considering workers to be 
machines. 

• The opportunities to support industry’s work processes 
are numerous. The fact that a process has been in use for 
many years is no proof of that it is close to an optimal 
process. There are numerous factors that could prevent a 
process from improving by trial-and-error or by on-the-
work feedback alone. 

• Close interaction with industry when conducting the 
research is essential to getting high external validity of 
the results, being convincing, and easing the transfer of 
the results to those making use of them. For example, 
there seems to have been some previous research on 
shovel design by the physicist Charles-Augustin de 
Coulomb. That research seems, however, to have lacked 
the close collaboration with industry, not being shared 
with them, and, as a consequence, was unable to impact 
their shovel design and work processes. 

• Management and/or worker resistance toward believing 
and making use of empirical results on work processes 
is normal. Every change is a potential threat to someone, 
and it is always possible to find limitations and 
problems with how empirical studies are conducted and 
use these to argue that the results are not valid. A 
successful impact of results from empirical research 
may require that at least those making the decisions 
benefit from putting the results to use. In Taylor’s case, 
the managers frequently benefited from many of the 
suggestions and, partly for this reason, many of Taylor’s 
findings were implemented. 

• Marketing the results is essential. Being very careful not 
to exaggerate or over-generalize while presenting results 
(which is considered a good researcher habit), may be a 
disadvantage for their impact. Taylor was very good at 
marketing the results, not modest in presenting their 
effects, and spent considerable time on convincing the 
industry to put his results to use. Most of his 
publications (mainly books and presentations) aimed at 
industry, not academia. His impact on academia and 
education was mainly through his lectures at Harvard, 
where his course on scientific management was a 
cornerstone beginner’s course of one of the first 
business management degrees. Presenting at industry 
venues, writing about the results in magazines and text 
books, and continuous support of industry management 
over years may be needed to have an impact on industry 
processes. It may be only on rare occasions that a single 
result changes industry processes. 

• Changes in work processes may have negative side-
effects. Taylor’s results may have contributed to 
treatment of the workers as salary-aiming objects part of 
a large machine. Collaborating with industry should 
include making ethical reflections on how the results 
will be used and their side effects. Using valid research 
results in negative ways for workers or consumers is not 
a new thing and will happen again. 



II. SECOND STORY: CONSULTANCY-BASED 

COLLABORATION BUILDING AN EXPERIENCE DATABASE 

More than 15 years ago, I was part of a research project 
successful in recruiting software companies to collaborate on 
software process improvement and in receiving financial 
funding. My task was to collaborate with one of the 
companies in establishing an experience database. The 
company’s official goal was to implement an experience 
database that enabled continuous learning from their 
software projects. My main research goal was to analyze the 
potential positive effect of process improvement on 
experience databases and understand the learning 
mechanisms involved. It seemed to be a good alignment of 
industry and research goals. 

As part of my previous industry experience, I had already 
been in charge of implementing an experience database in 
another company. I had also been working as a programmer, 
a project manager, and a general manager, so I felt that I 
understood the context and the work processes involved 
pretty well. 

The work with the experience database in the new 
company went well. The project included three engineers 
from the company itself and three researchers. A minor 
worrying factor was that it soon became evident that the 
company’s real motivation was to be certified at CMM-level 
3, which was important to gain and keep US clients. This 
meant that our research goal—to find out to what extent the 
experience databases would lead to positive effects on their 
projects—risked being a lower priority for the company than 
we originally hoped for. 

Less than one year after we started, the first version of 
the experience database was released. It already included 
experience from many previously completed projects, 
collected and included by us. The management support was 
good, probably due to the importance of the CMM 
certification. It was decided that it should be mandatory to 
include experience from all the finished software 
development projects in the experience database. The 
experience database was already in use by several new 
projects to support planning and cost estimation. Strategies 
for the company’s process-improvement work were partly 
based on analyses from the information in the experience 
database. The collaboration atmosphere was good, and we, 
as researchers, had gained a lot of goodwill through our 
support. We were now on the verge of starting to measure, 
we assumed, the positive impact of using an experience 
database. We had collected data about previously completed 
projects, our baseline data, and were now waiting to collect 
information about the projects that had used the experience 
database in their planning and to find out to what extent the 
experience database had had a positive effect. After more 
than one year of extensive company support, in many ways 
consultancy work for the company paid by the research 
council, we were now starting to hope for research results. 
This really looked like a successful industry–research 
collaboration. 

Then, as is perhaps pretty normal in industry, something 
happened. In this case, the company had to face serious cost 

cuts. Consequently, central people working on the 
experience database project were replaced or even lost their 
jobs, and the management support was not there to give the 
project as high a priority as we previously had. We quickly 
learned that an experience database without strong 
management support and enthusiastic, internally employed 
people quickly gets a low priority, and its use fades. The fact 
that use of the experience database was mandatory meant 
nothing in reality, given the lack of management priority. 
Very soon, the experience database was hardly used at all. 
Suddenly, the collaboration was not a success anymore, 
neither for us nor the company.  

What I learned from this is that: 
• It is risky to couple research goals closely to longer-term 

industry goals (longer term is, in this context, more than 
one year ahead). During a period of 1–2 years, many 
companies will have reorganized, cut costs, or done 
other things that may lead to down-prioritizations of 
non-core activities, frequently including research 
collaborations. As a consequence, it is risky to plan to 
first invest a lot in building goodwill and then, 1–2 years 
later, be able to harvest research results.1 

• In addition to the longer-term research goal, it is perhaps 
important to look for shorter-term research results when 
collaborating with industry. In this collaboration, we 
were able to collect information about a few projects, 
which we later used to generate hypotheses and, to a 
minor extent, as part of later research analyses. Not 
much support for our research, but better than nothing. 

• It is sometimes very hard to make an industry–research 
collaboration so sustainable that it survives strong 
company turbulence. A risk analysis before a 
collaboration should examine how likely turbulence is to 
happen, and risk management during the collaboration 
should aim at reducing the risk of the collaboration 
getting down-prioritized. Support from the management 
group is essential. Relying on the support of mainly one 
person in the management group, as we did, is risky. 

• Demonstrating company benefits from the collaboration 
early and often could help keep management support. 
We did this through the use of the content of a pilot 
version of the experience database as input to their 
strategy work. This was possibly a reason for the good 
support we got, at least until the organizational 
turbulence took place. 

• There is a need for researchers with industry experience 
or at least people who speak the language of the industry 
and understand their problems well in this type of 
collaboration. Even if the research grant or university is 
paying your salary for the work done for the company, 
and not the company itself, there is a strong need to be 
considered competent and useful by the company to get 
the research done properly and for the collaboration to 
work. We were partly successful at this, which 
contributed to us getting as far as we did. 

                                                           
1 Although I thought I had learned, I have experienced the same reason for 
collaboration failure twice later on. Sometimes it is hard to separate wishful 
thinking from what is the true risk of such research-industry collaborations. 



III. THIRD STORY: THE NEED FOR DIFFERENT 

COLLABORATION TYPES FOR THE SAME RESEARCH TOPIC 

Typically, the uncertainty of effort estimates is assessed 
through minimum–maximum effort intervals (e.g., that the 
effort to complete a software project with 90% confidence is 
100–200 work-hours). The effort interval is then used as 
input to plans, budgets, bids, and other purposes. My 
research on this topic, which lasted for several years, 
required several quite different types of industry 
collaborations: 
• To better understand the problem—in this case, the lack 

of realistic assessment of the uncertainty in effort—I 
needed to observe real-life estimation work. This 
required a collaboration on collecting project 
information, interviewing project leaders, and observing 
estimation and uncertainty assessment in practice. 

• To evaluate ideas on how to improve, I needed to 
conduct controlled experiments. This required software 
professionals to collaborate as participants in controlled 
experiments comparing traditional and new methods and 
tools. 

• To really see if ideas from the promising results of the 
experiments led to improvements in practice, I needed a 
collaboration in which I trained people in the use of the 
method and where they used the new methods in real-
life industry situations. 

 
Problem identification and understanding: Consultancy-
based collaboration 

The main challenge in the collection of project 
information is often recruiting companies with relevant data 
of acceptable quality. This is a hard part, and requires a good 
network and/or willingness to try and fail. After a few failed 
attempts, a couple of companies were identified that both had 
the required information and were willing to share it. The 
collaborations were initiated with focus on my research 
goals, and I got access to written project documentation and 
was allowed to interview selected project leaders. The 
companies’ benefits from the collaboration were that I gave 
them a report on their estimation processes and suggestions 
on how to improve them (i.e., sort of consultancy work) and 
a seminar on effort estimation. The collaboration was rather 
short-lived, only 2–3 months. The main research finding, 
supporting findings in other domains, was that the effort 
prediction intervals were much too narrow to reflect the 
actual level of uncertainty, (i.e., there was a strong level of 
overconfidence in the accuracy of their effort estimates) and 
some indications on reasons behind overly narrow intervals. 
This motivated further research on this topic. 

 
First phase of method evaluation: Payment-based 
collaboration 

Based on own ideas and ideas from other domains, I 
wanted to test several alternative methods potentially 
beneficial for a more realistic assessment of effort 
uncertainty. This required a set of experiments with both 
students (pilot experiments) and software professionals. 
While it would have been possible to create a research–

industry collaboration based on giving industry consultancy 
services or process evaluation feedback in return, I 
determined it would be more time efficient (based on 
previous experience) to base the collaboration on paid 
participation. 

A number of software professionals were hired and paid 
on an hourly basis to complete the estimation work using 
processes and in contexts similar to what they normally 
experienced. Typically, the software professionals were 
allocated to either a control group (work as normal) or a 
treatment group (use the uncertainty assessment methods 
devised by us). To keep the cost down, software 
professionals in low-cost countries, typically from Eastern 
Europa and Asia, were hired for participation in the 
experiments. 

The initial challenge of this type of payment-based 
collaboration, which is not common in empirical software 
engineering research, is getting acceptance for spending 
research grants or internal funding on paid industry 
participation. In our research institute, the understanding, at 
least internally, was that this was an acceptable use of 
research grants. One of our arguments, which seems to have 
been convincing, was that our laboratory is the software 
industry work processes, and it should be just as natural to 
spend money on our laboratory as it is to spend money on 
buying expensive laboratory hardware or software to do 
research. In many situations, hourly payment for work is the 
natural context of software professionals. Not paying for 
software development or project planning work, but instead 
trying to get volunteers to use new processes, would be an 
unusual situation limiting the external validity of the results. 

Several, but not all, of the experiments conducted this 
way were successful in terms of research output and in what 
we saw as discoveries of innovative, realistic advancements 
in effort uncertainty assessment processes [5].  

 
Use of a new method in real life: Payment-based 
collaboration 

To be really convincing, it would be helpful to test out 
new methods on real projects in real-life situations. The 
challenge was, consequently, to make companies use the 
method. Unfortunately, it was difficult to find companies that 
felt an urgent need to improve their uncertainty assessment 
processes, and it was not likely that companies would hire us 
or spend effort on implementing new methods just because 
we claimed to have some promising experimental results. 

As with the earlier studies, the solution was found in the 
use of payment-based collaborations. Two companies that 
currently used the traditional effort uncertainty assessment 
method were identified. These companies were willing to 
evaluate the new method on their projects, given that we 
compensated them for the extra work involved in making the 
new method work and the work on logging the extra 
information we needed. 

The evaluation process we agreed on was as follows: 
• We were notified every time they planned to estimate 

the effort of a new project, or larger maintenance task. 
We then interviewed the person in charge of the 
estimation about essential project or task characteristics. 



• We randomly allocated the project to either a control 
group (following their traditional process for creation of 
minimum–maximum effort intervals) or the treatment 
groups (following our new uncertainty assessment 
method). Those in charge of the estimation work in the 
treatment groups were given training and asked to 
follow our instructions for the process and the 
documentation of the use of it. 

• We were notified when the projects or maintenance 
tasks were finished and interviewed the project leader 
about the effort used and other project-outcome 
information. 

 
As can be seen, this is a randomized controlled trial 

(RCT) in a field setting. Such experiments are rare in 
empirical software engineering. In this case, because we paid 
for the company’s extra work involved, it was not only 
possible but quite easy to manage a RCT. RCTs in field 
settings are, in many ways, the most powerful type of study 
and are considered the gold standard of empirical study 
designs in many domains. Software engineering should, I 
think, aim at having more such studies. 

The experimental evaluation turned out to be successful 
[6]. Those following our new method had more realistic 
assessment of the actual uncertainty of the effort usage. 
Measured as immediate industry impact, the collaboration 
was not a success (i.e., the companies did not start using our 
method). The results have, however, been used in other 
contexts and have had some influence on other company 
processes and even national governmental estimation 
guidelines. 

 
Lessons learned 

Several lessons may be drawn from the various 
collaboration types used for this research topic: 
• The efficiency of a type of research–industry 

collaboration depends, not surprisingly, on the stage of 
the research and the type of research problem addressed. 
Regardless of collaboration, a situation where both the 
researchers and the industry have expected gains higher 
than the expected costs is essential. 

• Research–industry collaboration does not require shared 
gains or goals. Instead, in many collaborations, the gains 
of the industry will, and should, be quite different from 
those of the researcher. The gains of the industry could 
be consultancy work by researchers, training, or access 
to the research results but could also be ordinary 
payment for effort spent. 

• It should be just as natural to base a laboratory of 
empirical software engineering studies on payment to 
software professionals as it is to base the laboratory of, 
for example, data analytics research on payment for 
hardware and software equipment. Funding for payment 
of software professionals should be part of many 
applications for research grants in empirical software 
engineering.  

• Randomized controlled trials in field settings, which are 
considered to be the gold standard of empirical research 

in many domains, is clearly feasible for software 
engineering research. More research studies should 
consider using this study design. This study type makes 
the results more convincing to the industry and 
potentially results in larger impacts. Payment-based 
industry participation may be needed to enable such 
studies. 

IV. FOURTH STORY: TRADE-BASED COLLABORATION FOR 

RESEARCH ON SOFTWARE PROJECT BIDDING 

One of the most undoubtedly successful collaborations in 
human history is trade (i.e., collaboration in which one party 
buys and another party sells a service or product). One of the 
main advantages of this type of collaboration is that it is 
relatively clear what the different parties take and give. Here 
is a story about one such research–industry collaboration. 

Bidding with negotiation is commonly observed in 
contexts where a client searches for and selects a provider to 
complete a software project. One element of the negotiation 
is the scope (delivered functionality) of the project. A client 
may want less or more scope, dependent on the price (i.e., 
based on a cost-benefit analysis). From interviews and 
previous experiments, we hypothesized that a reason for 
some over-optimistic bids, often connected with quite 
problematic software projects, was that the original bid was 
given based on a larger specification and then reduced due to 
removal of some of the requirements. 

To test this hypothesis in field settings, we invited 
offshoring companies, again from low-cost countries in 
Eastern Europe and Asia, to bid for a software development 
project specified by us. The software development project’s 
goal was to develop software that we planned to use in 
further experiments on software bidding. The participating 
companies were randomly allocated to one out of two 
groups. One group of companies first made a bid based on 
the full requirement specifications and were then asked to 
update the bid for only a subset of that functionality. The 
other group of companies first made a bid based on the 
reduced specifications and then updated the bid for the full 
requirement specifications. In total, 29 software development 
companies ended up giving their bids for the two variants of 
the project. 

The experiment was successful, and we found that 
different bidding sequences led to large differences in bids. 
For example, the companies that started with bids based on 
the full specifications and then updated their bids based on 
the reduced specifications gave, on average, 40% lower bids 
for the reduced specifications than those starting with bids 
for the reduced specifications [7]. 

The companies were not informed about the research-
oriented purpose of the bidding process. They behaved as 
they would in other project-bidding processes. Not informing 
them about the main purpose would be an ethical problem if 
we did not really intend to select any of the bidding 
companies to develop the software. To ensure fairness, 
especially given the high number of bidders, we selected and 
paid not only one but four of them to develop the software. 
Furthermore, to ensure fairness regarding bidding group 
allocation (i.e., one group of companies was manipulated to 



give higher bids), we decided to select two companies from 
each treatment group. The selection within each group was 
based on traditional criteria, such as price, ability to respond 
to the request, and their documented competence. 

The collaborations with the companies, both in the 
bidding and the construction phases, were successful. To a 
large extent, this was experienced to be a result of the type of 
collaboration chosen. There are commonly accepted rules for 
trade and relatively high clarity about expected deliveries in 
bidding rounds and software projects. In other words, 
everyone knew what to do and what they could expect from 
the other party—a good starting point for collaborations. 

Lessons that may be drawn from this industry–research 
collaboration include: 
• Trade-based industry–research collaboration, where the 

research party acts as a normal client, may in some cases 
be suitable for successful research studies. A clear 
advantage compared to many other types of 
collaborations is in the clarity of the give-and-take 
expectations of both parties. 

• There are ethical issues to consider in every industry–
research collaboration, especially when the industry 
participant is not fully informed about the main 
motivation of the process they are participating in. The 
main factor to consider may be to what extent there is 
any (even potential), harm done to the participants, 
including waste of their time. 

• Acting as a client, beyond having additional research 
goals and having a university affiliation, involves 
careful research design thinking. For example, it is 
important to create a context in which the additional 
information needed is a natural part of the process or, if 
that is not possible, to include extra payment for work 
not normally done. Most providers will google your 
organization and you as a contact person. It is not a good 
idea to try to act as something you are not. Instead, try to 
use the context you are in to motivate the requests you 
make. It is important to the validity of the study to 
actually behave as a client. It may be necessary to hire 
other people to represent you as the client to ensure 
realism of the client role. 

V. FIFTH STORY: COLLABORATIONS BASED ON SEMINAR 

PARTICIPANTS AND INDUSTRY NETWORKS 

Over the last 10 years, I have conducted quite a few 
shorter research experiments and surveys at industry 
seminars and training courses for industry. Of the numerous 
industry participants, who in most cases did expect to 
participate in a research study when attending, only a couple 
of them have given me negative responses, these responses 
have been pretty mild, and many more have given very 
positive responses. My experience is that software 
professionals find it interesting to participate in such 
experiments and surveys and that this is a great collaboration 
opportunity for much of our software engineering research.  

The following four conditions are, however, essential to 
make this type of collaboration work: 

1) The participants should always get something back. 
In my case, this involves giving them some of the most 
relevant research results from the experiment in which they 
participated, usually in the end of the seminar or course, or, 
worst case, in an email the day after. Before I found web 
tools that made such responses quick and easy (currently 
I’m using the tool Qualtrics), some of my colleagues or I 
quickly analyzed the paper-based responses during the 
seminar or course. 
2) The topic of the experiment or survey, at last part of 
it, should be of real interest to them and related to the topic 
at the seminar or course. If the industry relevance of your 
main research question is not obvious, it is necessary to 
include other questions that are more relevant. 
3) The experiment or survey should be short. 
Experiments or surveys should, in the context of seminars 
and courses, seldom take more than 15–20 minutes to 
complete. Surprisingly, many research questions may in my 
experience be properly addressed in that short time. 
Clearly, the short time frame limits the experimental tasks 
and number of questions in surveys. Stay focused. 
4) Ensure anonymity of the participants’ responses. 
Anonymity is not always needed, but my experience is that 
it increases the quality of the responses and sometimes is 
even required to make people willing to share experience. 

 
Recently, much of my industry collaborations of this type 

are done through an industry-dominated collaboration 
network.2 The network regularly holds about four seminars 
each year, usually with about 100 industry participants, on 
various software management topics. On every seminar, we 
spend 15 to 20 minutes on empirical research with the 
seminar participants as subjects. The use of this network to 
complete experiments and surveys has so far produced 
several interesting research results (e.g., results on what 
makes IT projects successful in delivering client benefits) 
[8]. 

The network has also been very useful in recruiting 
members for collaboration on other software project topics 
and the number of members is still increasing. Industry 
collaboration through this type of network can be very 
useful, but also requires substantial administration and 
continuous focus on how to make it useful for industry to 
participate. Repetitions and lack of renewal lead network-
based collaborations to die quickly. 

The main lessons from using seminars and courses, lately 
through the use of an industry network, to enable 
collaborations may be summarized as: 
• There is no reason to be reluctant about using software 

professionals participating in seminars or courses for 
surveys and small experiments. Just remember to give 
them relevant result feedback, and do not spend more 
than 10 to 20 minutes of their time. Use 
experiment/survey software that helps you with quick 
result feedback to the participants, preferably live or at 
the end of the seminar or course. 

                                                           
2 The network is called the HIT-network, is based in Oslo, Norway, led by 
me, and focuses on IT-management (http://www.hitledelse.com/) 



• Many interesting research questions do not require more 
than 10 to 20 minutes of time per participant. Sometimes 
the short time frame may even help to focus the research 
and avoid the inclusion of too many hypotheses, which 
by the way typically lower the statistical power of each 
of the hypothesis tests in a study. 

• Often, it is of more value to design a sequence of 
connected surveys or experiments, rather than 
conducting one large experiment. Lightweight, shorter, 
experiments in an industry network is a good means for 
this for purpose. 

• In my experience, what the software professionals 
remember best from the seminars, even years later, are 
the results from the empirical studies. This is perhaps 
not surprising, since they were part of it (e.g., the 
experimental treatment had an effect on them). The 
pedagogic effect of such experiments to affect the 
software industry is consequently an additional 
argument in favor of using it. 

VI. CONCLUSIONS 

When discussing industry–research collaboration, it is 
easy to focus on the type of collaboration exemplified by 
Frederik Winslow Taylor (i.e., research in which the 
researchers come to a company, a problem is identified, and 
the researchers try to solve the problem using research 
methods and gain knowledge that can be reused in other 
companies and/or that will lead to innovations). For lack of a 
better term, this is called consultancy-based collaboration in 
this paper. While clearly being useful, this type of 
collaboration frequently involves a high risk of investing 
much research effort without getting research results, 
especially when the research goal needs long-term 
investments before any results can be collected. 

Other types of collaborations are, in many research 
contexts and for many research questions, more suitable and 
perhaps under-utilized in empirical software engineering 
research. The stories told in this paper illustrate the 
usefulness of a wider set of types of collaborations, including 
collaborations based on: 
• Payment (or other rewards) of software professionals to 

participate in empirical studies. 
• Payment (or other rewards) of software companies for 

the extra work required to invest in structured evaluation 
of process changes and for logging required information. 

• The researcher acting as a client (i.e., a purely trade-
based collaboration). 

• The use of software professionals participating in 
industry seminars and networks for shorter experiments 
and surveys. 

The core elements of successful industry–research 
collaboration in software engineering are, as far as we have 
experienced, the same regardless of collaboration type: i) A 
reasonable balance of give and take for both the researchers 
and the industry participants, ii) Researchers with industry 
competence and a good understanding of the processes, 
products, and organizations they study, iii) Research 
questions and results of perceived relevance for the industry, 
and, at the same time, iv) A research question that is relevant 
and interesting from a research point of view. The 
importance of these core elements has not changed since 
Frederic Winslow Taylor conducted his empirical studies on 
work processes and tools in Bethlehem Steel in 1898. 

Many types of research–industry collaborations are not 
covered in this paper, and most of what is presented here as 
lessons learned are not based on solid empirical research but, 
rather, on the perceived lessons learned from my own 
experience from more than two decades of empirical 
software engineering research. It is easy—and valid—to 
criticize the lessons learned as based on too few observations 
or lack of a control group. In spite of these limitations, I 
think that it is worthwhile to consider the collaboration types 
illustrated in this paper when starting new collaborations on 
empirical software engineering research. Hopefully the 
lessons learned and stories will inspire researchers to 
consider a wider variety of collaboration types and study 
types than is currently the case in empirical software 
engineering. In any case, good luck! 

REFERENCES 
[1] Savino, D.M., “Frederick Winslow Taylor and His Lasting Legacy of 

Functional Leadership Competence.” Journal of Leadership, 
Accountability and Ethics, 2016. 13(1): p. 70. 

[2] Taylor, F.W., The Principles of Scientific Management. 1914: Harper. 

[3] Freivalds, A., “The Ergonomics of Shoveling and Shovel Design—A 
Review of the Literature.” Ergonomics, 1986. 29(1): p. 3-18. 

[4] Stewart, M., The management myth: Why the experts keep getting it 
wrong. 2009: Andrea Garcia. 

[5] Jørgensen, M., K.H. Teigen, and K. Moløkken, “Better sure than 
safe? Over-confidence in judgement based software development 
effort prediction intervals.” Journal of Systems and Software, 2004. 
70(1-2): p. 79-93. 

[6] Jørgensen, M., “Realism in assessment of effort estimation 
uncertainty: It matters how you ask.” IEEE Transactions on Software 
Engineering, 2004. 30(4): p. 209-217. 

[7] Jørgensen, M., “The effects of the format of software project bidding 
processes.” International Journal of Project Management, 2006. 
24(6): p. 522-528. 

[8] Jørgensen, M., “A survey on the characteristics of projects with 
success in delivering client benefits.” Information and Software 
Technology, 2016. 78: p. 83-94. 

 
 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


