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B
ecause of the rise in new technological and sci-
entific discoveries and products, the disciplines
have multiplied rapidly into disciplinary, mul-

tidisciplinary, interdisciplinary, and now transdisci-
plinary in the fields of natural science, social science,
engineering and technology, humanities, arts, and
the professional or applied arts and sciences. The
numbers of disciplines, subdisciplines, and fields of
study have grown from less than twenty-five to well
over eight thousand and are still growing rapidly.
The majority have been developed in the last one
hundred years with the bulk developing in the years
since World War II ended in 1945. The main ob-
jective of this chapter is to discuss the results of a
survey conducted to compare interdisciplinary and
transdisciplinary research requirements.
Keywords: survey for transdisciplinarity, transdis-
ciplinary research, transdisciplinary concept.

1 Introduction

Over the last six decades the integration of research
methods and techniques across the disciplines has
changed rapidly. One of the prime reasons this

change has occurred can be attributed to the rapid
period of rebuilding following World War II in Eu-
rope, the Middle-East, and the Far East. The rebuild
was followed closely by the technology growth driven
by the USSR/USA race into space exploration. This
created the quick start mechanism for growth in
science and technology. The last forty years have
seen the rest of the world catching up and in many
cases surpassing the earlier leaders. The excitement
continues to amaze us.

Because of the rise in new technological and sci-
entific discoveries and products, the disciplines have
multiplied rapidly into disciplinary, multidisciplinary,
interdisciplinary, and now transdisciplinary in the
fields of natural science, social science, engineering
and technology, humanities, arts, and the profes-
sional or applied arts and sciences. The numbers of
disciplines, sub-disciplines, and fields of study have
grown from less than twenty-five to well over eight
thousand and are still growing rapidly [1]. The ma-
jority have been developed in the last one hundred
years with the bulk developing in the years since
World War II ended in 1945.

The disciplines throughout history have inevitably
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developed into self–contained shells, where inter-
action with other disciplines is minimized. How-
ever, practitioners of a discipline develop effective
intra-disciplinary communication based on their dis-
ciplinary vocabulary. Suddenly the rapid growth in
the numbers of disciplines, sub-disciplines and fields
of study has created the need to start working new
and complex findings or issues in different ways and
the response has created intradisciplinary, multidis-
ciplinary, interdisciplinary, and transdisciplinary as
the possible answers. Once again the majority of
these answers have occurred in the last sixty plus
years.

2 Defining the Challenge

All over the world universities are working to change
their visions of education and research. Twelveyears
ago, Texas Tech University, College of Engineering
had the vision to develop the first transdisciplinary
design, process and systems master degree program,
thus initiating transdisciplinary education and re-
search into the engineering community and work-
place. Moreover, four years ago the Ph.D program
in Transdisciplinary Design, Process and Systems
was introduced by Texas Tech University. Raytheon,
a large U.S. defense contractor, is a prime supporter
of the program. To date well over 130 Raytheon
employees have completed the master’s degree pro-
gram.

The results of transdisciplinary research and edu-
cation are: emphasis on teamwork, bringing together
multiple disciplines of investigators, sharing of the
methodologies, all to create fresh, invigorating ideas
that expand the boundaries of possibilities. This
transdisciplinary approach develops in people the de-
sire to seek collaboration outside the bounds of their
professional experience in order to explore different
perspectives.

This planet is becoming increasingly intercon-
nected as new opportunities and highly complex
problems tie us to the rest of the world in ways we
are only beginning to understand. When we dont
solve these problems correctly and in a timely man-
ner, they rapidly become crises. These problems,
such as hunger and the global water crisis, threaten
the very existence of the planet as we know it. For
example, a new crisis is emerging, a global food
catastrophe that will reach further and be more crip-
pling than anything the world has ever seen [2]. One

of the largest public health issues of our time is the
world water crisis. Nearly 2.5 billion people (roughly
2/5ths of the world’s population) lack access to safe
drinking water and sanitation [3]. A rising tsunami
of energy problems is beginning to endanger the
economy of the world and human living conditions.
Finally, issues related to transportation, humanitar-
ian needs, security, natural disasters, health, inter-
national development, ethnic violence and terrorism,
military conflict, and emergency response are among
the many global complex problems facing mankind
in the 21st century. There is a need for transdisci-
plinary research to tackle the ill-defined problems
of this century. Many distinguished researchers and
educators contributed for the development of trans-
disciplinary education and research concepts [1, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17].

The main objective of this chapter is to discuss the
results of a survey conducted to compare transdisci-
plinary and interdsisciplinary research requirements.

3 Comparison of Interdisciplinary
and Transdisciplinary Research

The history of the term “Interdisciplinary” goes back
to 1944 when it was used for the first time in the
literature. Being a relatively new term, “transdisci-
plinary” first appeared in 1970. As seen from Figure
1, the most commonly used term “Multidisciplinary”
has had over 18,000 citations by the year 2006 [18].

Many contributions exist in the open literature
about the difference between interdisciplinary and
transdisciplinary activities and their definitions.
Bruce et al. stated that, in multidisciplinary re-
search, each discipline works in their disciplinary
perspectives and that in interdisciplinary research,
an issue is approached from a range of disciplinary
perspectives integrated to provide a systemic out-
come. In transdisciplinary research, however, they
affirm that the focus is on the organization of knowl-
edge through collaboration around complex hetero-
geneous domains rather than the disciplines and sub-
jects into which knowledge is commonly organized
[17, 18].

Després et al. stated that the difference between
interdisciplinary and transdisciplinary contributions
stems from the Latin prefix “trans” which denotes
transgressing the boundaries. When the transdisci-
plinary approach is used, the final knowledge gen-
erated is more than the sum of the collaborating

Transdisciplinary Journal of Engineering & Science 
ISSN: 1949-0569 online

Vol. 1, pp. 117-126, (December, 2010)



Tom Kollman and Atila Ertas
Results of a Survey to Identify Differences between Interdisciplinary and Transdisciplinary Research Process 119

Figure 1: Web of Science Citations for Multi-, Inter- and Transdisciplinary Research.

diverse discipline components [19].

Lawrence compares interdisciplinary research ap-
proaches to a “mixing of disciplines,” while transdis-
ciplinary ones would have more to do with a “fusion
of disciplines” [20]. Ramadier commented that inter-
disciplinarity is sufficient for the purpose of seeking
coherence between different forms of knowledge pro-
duced by diverse disciplines. He also stated that
interdisciplinarity plays a role in the simplification
of knowledge [21].

An evaluator of interdisciplinary and transdisci-
plinary research also commented that “Complexity
can be approached only through transdisciplinarity.
...the search for coherence in produced knowledge
is not limited to the overlapping aspects of differ-
ent disciplinary approaches. The non-overlapping,
“marginal” aspects of each disciplinary model must
also be taken into consideration and linked together.
What is important is not the unity but the coherence
of knowledge [21]”.

After many years of researches through interdisci-
plinary, collaboration proves to be the most common
approach, there are some issues related with inter-
disciplinary research. This cannot be ignored [18].

• Training Interdisciplinary Individuals: Re-
searchers should be familiar with and open to
work in other disciplines, but it takes a great
deal of time and effort to fully engage another
discipline, to sufficiently understand its lan-

guage, concepts, substance, and methods. It is
hard enough to keep up with your own discipline
let alone others. Figure 1. Web of Science Ci-
tations for Multi-, Inter- and Transdisciplinary
Research.

• Creating Interdisciplinary Groups: Although
selecting and including researchers who have
broad knowledge to work with is the starting
point, creating group cohesion with smooth func-
tioning is equally important in working teams.
Researchers working together need to be com-
mitted to work crossing disciplinary boundaries.
Researchers personalities are important to con-
sider in successful interdisciplinary collabora-
tions. There has to be a degree of mutual re-
spect, willingness to listen, cooperation, and a
commitment to work together is essential.

• Institutional Barriers to Interdisciplinarity:
Even genuine attempts to foster interdisciplinar-
ity within institutions by joint faculty appoint-
ments are difficult, because academics from dif-
ferent disciplines have differing expectations
about what constitutes valuable knowledge gen-
eration.

Planning and organization of interdisciplinary re-
search are also among the challenges and critical
issues.

While the transdisciplinary research approach, in
theory, should lead to better research progress, it

Transdisciplinary Journal of Engineering & Science 
ISSN: 1949-0569 online

Vol. 1, pp. 117-126, (December, 2010)



Tom Kollman and Atila Ertas
Results of a Survey to Identify Differences between Interdisciplinary and Transdisciplinary Research Process 120

will not solve the problems and challenges mentioned
above. The transdisciplinary research approach also
has potential disadvantages [22]. Among them:

• The research budget will be potentially higher
since the transdisciplinary research team in-
volves a greater number of researchers;

• The effort of achieving breadth of analysis and
integration may encourage superficial investiga-
tion;

• Bringing together researchers from diverse dis-
ciplines to have a collaborative team is an enor-
mous challenge; and

• The considerable time and money required
for transdisciplinary research may decrease re-
searchers ability to assess the research outcome
objectively.

Evaluation of interdisciplinary and transdisci-
plinary research has been discussed by many re-
searchers [23, 24, 25, 26]. The contexts, methodolo-
gies, and conceptual framework of interdisciplinary
and transdisciplinary research varies greatly. Seven
generic principles have been proposed to evaluate
the interdisciplinary and transdisciplinary research
[23]. They are:

1. Variability of goals

2. Variability of criteria and indicators

3. Leveraging of integration

4. Interaction of social and cognitive factors in
collaboration

5. Management, leadership and coaching

6. Iteration in comprehensive and transparent sys-
tem

7. Effectiveness and impact

Seven generic principles mentioned above were
used to develop three survey questions to compare
interdisciplinary and transdisciplinary research pro-
cesses. They are:

Question-1
To what extent do you think that research project
organization, managing and coaching are necessary
for? Please circle one (1 corresponds “Not Very” and
5 corresponds “Very”).

Interdisciplinary research process

Not Very Somewhat Very

Transdisciplinary research process

Not Very Somewhat Very

Question-2

To what extent do you think that development of
sustained collaboration is necessary for? Please circle
one (1 corresponds “Not Very” and 5 corresponds
“Very”).

Interdisciplinary research process

Not Very Somewhat Very

Transdisciplinary research process

Not Very Somewhat Very

Question-3

Please rank the research processes from 1 to 5 when
looking for “Quality of integrative research outcome
to solve complex problems.” Place a 1 next to the
item that is least quality and place a 5 next to the
item that has most quality.

————–Interdisciplinary research process

————–Transdisciplinary research process

4 Survey Analysis

Confidence Interval Estimation Based on the Differ-
ence in Two Means (Variance Unknown) test will
be used to find out the differences between trans-
disciplinary and interdisciplinary research activities.
Since the sample size drawn from the normal popu-
lation is less than 30, the t distribution will be used
to compute the confidence interval for the difference
in two means, (µ1 − µ2). We assume σ21 = σ22 = σ2.
Hence, the variance is the same within the two popu-
lations. This assumption is often made in comparing
two manufacturing processes. This unknown vari-
ance, σ2 can be estimated by using a “combined”
or “pooled” estimator. The equation for pooled
estimator is

S2
p =

(n1 − 1)S2
1 + (n2 − 1)S2

2

n1 + n2 − 2
(1)

In the analysis, typical 95 percent level of confi-
dence with two-tailed test will be used. Therefore, a
100(1 − α) percent two-sided confidence interval for
the difference in means (µ1 − µ2)is given by
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Table 1: Summary of Survey Responses.

(x̄1 − x̄2) − tα/2,n1+n2−2Sp

√
1

n1
+

1

n2
≤ (µ1 − µ2)

≤ (x̄1 − x̄2) + tα/2,n1+n2−2Sp

√
1

n1
+

1

n2
(2)

For testing the difference in two means, the test
hypothesis mentioned above will be used. If the
confidence interval given by Equation (2) includes
(µ1 − µ2), it is concluded that there is no statistical
difference at a given level of confidence.

4.1 Data Analysis and Results

A survey on transdisciplinary education was con-
ducted starting in June, 2009 for five weeks. With
over 134 responses, the data provides an abundance
of useful information on transdisciplinary and in-
terdisciplinary activities. Results of the survey by
groups are shown in Table 1. The survey was divided
into four groups. They are researchers, academics,
industry/business, and graduates. The graduates
from the Transdisciplinary Masters of Engineering
were also included in one of the groups in the survey.
The surveys were sent to individuals from all areas of
the world who had some experience or education in
either interdisciplinary or transdisciplinary research
and education. Some of the results were about what
we expected, and only a very few of them surprised
us. Response rate for the survey was better than
expected. Total response rate was 53.6%, while in
every category the response rate reaches to at least
45.9%.

Interdisciplinary and Transdisciplinary Research
Processes Comparison (Group: Researchers): For
this group survey results are given in Table 1-A in
the Appendix A. Using values from this table, the
pooled estimator for question-1 can be calculated as

S2
p =

(n1 − 1)S2
1 + (n2 − 1)S2

2

n1 + n2 − 2

=
(26 − 1)(0.74)2 + (26 − 1)(0.81)2

26 + 26 − 2
= 0.60

S2
p = 0.60

Then,

Sp = 0.776

Two-sided confidence interval for the difference in
means, (µ1 − µ2) is given by

(x̄1 − x̄2) − tα/2,n1+n2−2Sp

√
1

n1
+

1

n2

= (3.92 − 4.42) − 1.96 × 0.776

√
1

26
+

1

26
= −0.922

(x̄1 − x̄2) + tα/2,n1+n2−2Sp

√
1

n1
+

1

n2

= (3.92 − 4.42) + 1.96 × 0.776

√
1

26
+

1

26
= −0.078

Rearranging yields

−0.922 ≤ µ1 − µ2 ≤ −0.078

Note that finding tα/2,n1+n2−2 = 1.96 from the t
distribution table, the degree of freedom is taken
to be df = 26 + 26 − 2 = 50 and α

2 = 0.025. After
performing same calculations for the quations #2
and #3, summary of the results are presented in
Table 2.
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Table 2: Summary of Calculations for Interdisciplinary and Transdisciplinary
Researc Process Comparison (Group: Researchers).

Table 3: Summary of Calculations for Interdisciplinary and Transdisciplinary
Research Process Comparison (Group: Academics).

Table 4: Summary of Calculations for Interdisciplinary and Transdisciplinary
Research Process Comparison (Group: Business/Industry).

For the researchers group, 26 sample data were
analyzed. Table 2 shows that there is a statistical
difference for questions 1 and 3 (confidence interval
does not include (µ1−µ2) = 0 at the 95% level of con-
fidence in two means). By checking means of both
research processes (x̄1 being the mean of interdisci-
plinary and x̄2 being the mean for transdisciplinary),
we can conclude that the transdisciplinary research
process requires better research project organization,
managing and coaching than the interdisciplinary
research process. Also the transdisciplinary research
process provides better quality of integrative research
outcome to solve complex problems than the inter-
disciplinary research process.

As seen from Table 2, for question 2 confidence
interval includes (µ1 − µ2) = 0, therefore it is con-

cluded that there is no statistical difference at the
95% (two sided) level of confidence in two means. It
turns out that development of sustained collabora-
tion is necessary for both transdisciplinary research
process and interdisciplinary research process.

Using randomly selected 28 samples, similar sur-
vey analysis were performed for academics, indus-
try/business, and graduates groups and the results
of analysis are shown in Tables 3, 4 and 5.

By reviewing Tables 3, 4 and 5 we conclude that
outcome of the survey results from academics, busi-
ness/industry, and graduates turn out to be exactly
same. In other words;

• Research project organization, managing, coach-
ing, and development of sustained collabora-
tion are more needed for the transdisciplinary
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Table 5: Summary of Calculations for Interdisciplinary and Transdisciplinary
Research Process Comparison (Group: Graduates).

research process than the interdisciplinary re-
search process.

• Development of sustained collaboration is nec-
essary for the transdisciplinary research process
more than the interdisciplinary research process.

• Transdisciplinary research process does provide
better quality research outcome than the inter-
disciplinary research process.

5 Conclusions

Over the last six decades the integration of research
methods and techniques across the disciplines has
changed rapidly. The numbers of disciplines, sub-
disciplines, and fields of study have grown from less
than twenty-five to well over eight thousand and are
still growing rapidly. Because disciplines inevitably
develop into self–contained shells, interaction with
other disciplines is minimized. However, practition-
ers of a discipline develop effective intra–disciplinary
communication based on their disciplinary vocabu-
lary.

The growth in disciplines and subdisciplines drives
the need to be able to have several disciplines often
working on solving complex problems or issues. This
has led to the creation of intradisciplinary, multidis-
ciplinary, interdisciplinary and transdisciplinary as
methods of working with these problems and issues.
All of these have improved the process to a higher
level but still may run into issues with the large scale
complex problems.

We are searching for an answer in this chapter;
is transdisciplinary research process better than in-
terdisciplinary research process in solving complex
problems? Three questions used in the survey were
used to produce the results to this question. The
survey results gave us in two of the three questions

the result that transdisciplinary research was the
better choice. Question one had agreement of all
four groups in finding that in research project orga-
nization, managing, coaching, and the development
of sustained collaboration are more needed for the
transdisciplinary research process than the interdis-
ciplinary research process.

Question two found agreement in three of the four
groups in the development of sustained collaboration
being necessary for the transdisciplinary research pro-
cess more than the interdisciplinary research process.
The group of researchers felt that both the inter-
disciplinary and transdisciplinary processes required
the development of sustained collaboration. Ques-
tion three found agreement in all four groups that
the transdisciplinary research process does provide
better quality research outcome than the interdisci-
plinary research process.
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Table 1-A
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