Technological Forecasting & Social Change 84 (2014) 215–229

Contents lists available at ScienceDirect

Technological Forecasting & Social Change

Assessing Delphi panel composition for strategic foresight — A
comparison of panels based on company-internal and
external participants
Bernadette Förster ⁎, Heiko von der Gracht
Institute for Futures Studies and Knowledge Management (IFK), EBS Business School, Konrad-Adenauer-Ring 15, 65187 Wiesbaden, Germany

a r t i c l e

i n f o

Article history:
Received 21 August 2012
Received in revised form 3 May 2013
Accepted 18 July 2013
Available online 9 August 2013
Keywords:
Decision making
Advice seeking
Delphi
Multiple stakeholder
Expert

a b s t r a c t
Decision makers seek advice from others in order to make more accurate decisions, justify
these decisions, and share responsibility. The Delphi survey technique finds broad acceptance
as a decision support and forecasting tool. Recent research has discussed the composition of
Delphi panels and whether company internal or external panelists should be consulted for
strategic foresight. We make a contribution to this discussion by investigating whether
internal and external participants of Delphi studies lead to differing results and how the
differences can be utilized by decision makers. We consider differences that might be inherent
not only to quantitative but also to qualitative Delphi data. Results of our research reveal that
there are several significant differences between the two panels' evaluations, which lead to
varying consultation practices for different strategic purposes.
© 2013 Elsevier Inc. All rights reserved.

1. Introduction
When managers evaluate long-term strategic choices for
their firms, the possible development of various issues related to
the company and its environment have to be considered, such as
changing customer demand, technological processes, or demographic change. In such contexts, uncertainty is often high.
Furthermore, developments outside the company's focus might
influence the business area [1]. That is why in situations of
perceived environmental uncertainty, decision makers frequently consult other knowledgeable persons to increase decision
accuracy, justify their decisions, and spread the responsibility
[2–4]. The higher the uncertainty of a future development and
the more events can affect the outcome of an event, the more the
evaluations regarding the event will differ and the opinions of
the individuals will diverge [5]. An instrument to provide
decision makers with orientation is the Delphi method [6]. It is
particularly applied in judgmental forecasting and corporate
foresight where companies strive to generate forecasts about
relevant issues in order to establish a more profound basis for

strategic decisions [7]. The Delphi method is sometimes referred
to as a crowdsourcing technique [8]. However, in contrast to
most other crowdsourcing techniques, such as prediction
markets [9], which aim at surveying a great number of people
including laypersons, the Delphi survey method aims at
surveying a limited group of knowledgeable people from a
certain field [10,11].
While the Delphi method has proven its validity in many
research and business contexts [12,13], the appropriate panel
composition remains a controversial issue for critical reflection [14,15]. In our research, we focus on what types of
experts should participate in a Delphi survey, and thereby
provide strategists with advice, in order to orient decisions to
a particular business context. In general, previous literature
has distinguished between internal advice, or guidance from
persons within the same company, and external advice, or
assistance from persons outside the company [16].
In addition to this issue, research has shown that a lack of
diversity among the participants in a Delphi panel could
induce biased results (e.g. [14,17,18]).1 More precisely, in
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heterogeneous panels, in which panelists are likely to have
contradictory opinions, for instance concerning desirability,
some individuals provide evaluations that are above the real
value of estimation, while others make judgments in the
opposite direction below the real value. Therefore, the
estimations “bracket” the real value: averaging the values of
the estimations leads to a value closer to the real value. Such
bracketing diminishes errors [19,20]. In homogeneous
panels, participants are likely to have similar opinions and
therefore biases. Their evaluations are either above or below
the mean, and do not bracket the real value.
The dimensions of heterogeneity for the purposes of a Delphi
survey are manifold. For instance, individuals can differ in their
age, gender, cultural and educational background, knowledge
base, profession, values, attitudes, or tenure [21–23]. In our
research, we particularly focus on the diversity that arises from
selecting participants from different companies, where individuals work in diverse fields and perform differing tasks, resulting
in professional background and knowledge base heterogeneity
[24–26]. We explicitly do not consider the degree of diversity
within one company to result from the versatility of tasks that
the employees perform.
We conducted two separate Delphi surveys on an identical
set of projections. The thematic scope of our studies was the
European logistics service industry concerning possible future
developments, such as collaborations, technological advancements, innovations, and customer expectations. The projections
were quantitatively assessed along three dimensions: probability
of occurrence, likely impact on the industry, and desirability.
Moreover, optional written arguments of qualitative justification
could be provided.
Managers from one large international company composed
the internal panel. Whereas experts from different companies
offering the same services as the reference company of the
internal panel, as well as the two primary stakeholder groups
“customer companies” and “suppliers”, and panelists from
academia comprised the external panel. Therefore, the two
Delphi panels had different levels of heterogeneity with respect
to their professional backgrounds.
Our aim was to substantiate recommendations for
conducting internal or external Delphi surveys when the results
are used for strategic foresight and decision making. Therefore,
we formulated the research questions: Do company-internal
Delphi panels and external Delphi panels lead to differing
quantitative and qualitative results? If so, how do they differ?
Which panel should be consulted for which foresight activity?
In the remainder of the paper, we review current literature
on both advice taking and diversity in group decision making
processes, explain the two Delphi surveys conducted in more
detail, illustrate the data analysis of quantitative and qualitative
data, and discuss the significance of the results in the context of
the previously reviewed literature. We conclude with recommendations for selecting Delphi panel participants for different
purposes, point out limitations that are inherent to our research,
and indicate possible future research directions.
2. Theory and proposition development
The rationality in decision making is bounded because the
information available is limited and asymmetries in information might exist [27]. We aim to provide recommendations

for decision makers, as to whether they should consult internal
or external sources for guidance in Delphi surveys. Power and
social identity theories have demonstrated that decision
makers prefer either one or the other type of advice [28,29].
According to previous literature, various pros and cons exist for
the two sources of information, as depicted in Table 1.
The choice between internal and external advisors becomes
relevant when a Delphi panel should be recruited for a survey to
support decision making. Many researchers argue that the panel
of a Delphi survey should be composed of participants with
great expertise in order to achieve accurate forecasts [36,37].
However, social psychology has demonstrated that expertise
itself may not be sufficient to obtain accurate judgment but
should be combined with diversity [21,38]. Diversity in a panel
proves to be beneficial for obtaining useful results in several
ways: the advice comes from multiple independent sources; the
panelists have different skills and points of view. The definition
of diversity, or heterogeneity, usually involves demographic
characteristics as well as aspects related to the individuals'
professional experience [21–23].
The fact that heterogeneity and its benefits are also important
for Delphi studies has already been outlined by several
researchers [14,18,21,39,40]. Heterogeneous Delphi panels ensure a reduction in polarization [21] and desirability bias [18],
and enable bracketing. The latter is especially useful for Delphi
studies as the feedback which the participants receive includes
average values [41], a reasonable way to consider multiple
sources of information when probability forecasts are made
[19,42]. Such average values become more accurate through
bracketing.
Since the results of a Delphi study are frequently used for
advice in the strategic decision process, the exchange of diverse
perspectives is important. Previous literature highlights that
although taking advice increases the decision accuracy in general
[43,44], when the advice comes from multiple sources, this effect
is even greater. Therefore, many scholars recommend using
multiple
independent
sources
[19,42,45].
Moreover,
more detailed information, such as the reasons for a certain
evaluation, especially if it provides ambivalent perspectives,
further improves the accuracy of judgments. From the authors'
perspective, these elements are also core characteristics of the
Delphi technique.
In Delphi panels, the composition can be varied by the scope
and degree of heterogeneity in professional background, among
others. The panel can either have an internal or external scope
and the companies from which the panel is composed of can
either be specialized in one operational area or have multiple
operational foci. We developed a framework for the differentiation of heterogeneity in Delphi panels. For our purposes,
heterogeneity is judged by professional background and the
knowledge base that can be associated with the company's field
of operation. Thus, we narrow our research to these two
dimensions for the purpose of clarity and conciseness. Further
dimensions that induce heterogeneity, such as age, tenure, or
education, are excluded and beyond the scope of this research.
The potential combinations of scope and field of operation are
represented in Fig. 1.
We conducted two Delphi surveys in the European
logistics service industry: one survey included an internal
panel solely consisting of managers from one large international company, a highly specialized logistics service provider
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Table 1
Comparison of internal and external advice.
Internal advice

External advice

Pro

Contra

Pro

Contra

• Internal sources are aware of
company's capabilities: strengths
and weaknesses [30]

• Competition within company [29]:
Seeking advice of a colleague might be
beneficial to reputation of advisor rather
than the consulting party [16]
• Decision makers are more critical:
internal information can be better
evaluated than external information [29]

• Insights gained beyond borders of
firm might be novel to company
[28]

• Not frequently practiced since
some decision makers perceive
internal knowledge to be superior
to external knowledge [28]
• False information harder to
identify [29]

• In general, regarded to be less valuable
than external advice [16]

• Persons seeking outside
information rewarded for efforts
with improved status [16]

• Adhering to internal sources reinforces
existing mindset and blind areas [1]

• “Organizational myths” and
“artificial and illusory level of
comfort” are challenged by external
sources of information [33, p. 66]
• Involve stakeholders [34,35]
• External stakeholders have a
birds-eye perspective and focus on
different aspects because of
different backgrounds [1,21].

• Seeking internal advice might foster
an atmosphere of trust that
encourages employees to share
information and to develop new
ideas [28]
• Easy to obtain and analyze [16,29]

• Generated information is kept
internal [32]

(corresponding to quadrant I); the other survey consulted an
external panel consisting of panelists from the entire focus
industry, therefore including not only logistics service
providers but also three different stakeholders: customers,
suppliers, and academics (corresponding to quadrant IV).
Even though the external Delphi panel can be divided into its
subgroups (each subgroup corresponding to quadrant III), we
focus on the comparison of the internal and external panels
in order to compare how Delphi panel constitution leads to
varying survey results of the same projections.
2.1. Quantitative comparison of homogeneous internal
(quadrant I) versus heterogeneous external
(quadrant IV) panels
Although our internal Delphi panel is highly diversified
with regard to employment positions, departments, and
geographical areas, it is homogenous according to our key
criteria for heterogeneity, namely the operational focus of the
employer. The external panel consists of numerous companies
with multiple areas of operation, resulting in a higher degree of
professional diversity. Due to the different professions, areas of
operation, and levels of experience in the external panel, we
expect the external panelists to have different kinds of
knowledge in comparison to the internal panelists and to
focus on different aspects of the presented projections [1,29].
As a result, we expect the quantitative estimations of the
external panel to vary from those provided by the internal
panel. Furthermore, the heterogeneity in the external panel is
expected to lead to a broader range of evaluations, while the
internal panelists will have similar estimations.

Proposition 1. The quantitative estimates of the homogeneous internal and the heterogeneous external Delphi survey
differ significantly from each other.

• Scarce and therefore valuable
information [29]

• Danger that information from
external sources is assumed to be
true knowledge: accuracy is rarely
challenged [31]

Proposition 1a. The shape of data distribution of the two
panels differs.
Proposition 1b. The mean values of the evaluations differ.
Proposition 1c. The data of the external panel is more
dispersed than the internal panel.
Proposition 1d. Due to the higher degree of novelty in the
feedback which participants receive, the panelists of the external
panel change their evaluations more often.

2.2. Qualitative comparison of homogeneous internal (quadrant I)
versus heterogeneous external (quadrant IV) panels
In the Delphi process, the participants have the opportunity to provide written arguments to support their evaluations. With an internal panel, the participants know that their
arguments remain within the company: they can provide
confidential information since it is kept internally [24]. One
the one hand, information that is shared by the individuals in
a group discussion process is introduced and repeated more
readily than novel knowledge [46,47]. On the other hand, if
the individuals are linked to each other socially, they are more
likely to carry the costs for introducing novel knowledge [22].
Therefore, we expect the internal panelists to exchange
knowledge that is common to the majority of employees of
the company and to introduce confidential information or their
work experiences in the discussion process. They are expected
to be highly focused on the company's field of operation, while
disregarding the points of view of other actors in the industry.
Since employees regularly share knowledge, they might use
catchwords frequently: they expect their colleagues to understand the meaning without lengthy explanations. However,
at the same time, the commitment within such a panel is likely
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Field of operation

Internal
Scope
External

Homogeneous

Heterogeneous

I
Single specialist
company

II
Single company operating in
multiple industries

III
Single industry panel

IV
Multiple companies with
different operational foci

Fig. 1. Panel classification.

3. Methodology

This reference company transports perishable groceries,
among other items. Therefore, they are keen to fulfill additional
hygiene and transport temperature requirements in order to
avoid health risks and subsequent reputational damage. Since
the company has a close cooperative relationship with its
customer companies, it aspires to maintain transparent sustainability efforts and conducts innovative, customized activities to
remain highly efficient. In order to become better prepared for
the challenges of the future, this company is currently
undergoing paradigm change: the company aims to become a
learning organization and implement a scenario culture within
the company (for learning organizations, see e.g. [50]). Due to
this situation, it may be useful to engage in activities that
broaden a company's mindset and question current world views
to extend the tacit knowledge of the company [1,51]. Moreover,
the results of the Delphi survey at hand can be utilized in
scenario planning and are assumed to be successful as long as
the stage of defensive avoidance behavior has not been reached
by company management yet [52]. Since this company was in a
stage of change, the panelists were highly motivated to
participate in the research project and to collaborate with the
research facilitators. We selected this specific company and
environment since numerous stakeholders might have different
points of view regarding the future of the logistics service sector,
for example competitors, suppliers (i.e. truck manufacturers) as
well as customers of the logistics service providers (i.e.
restaurants), and related associations. The importance of
hygienic transport, short delivery times, and environmentally
friendly transport are important factors for stakeholders, but as
soon as the cost factor is introduced the opinions differ. The
variety of companies acting in the logistics service sector and the
broad range of potential participants from which the panelists
can be recruited for the external panel are additional benefits of
the selected industry.

3.1. Industry selection

3.2. Panel selection

The reference company we selected for our internal Delphi
panel is a logistics service provider with headquarters in
Germany, which coordinates business activities throughout
Europe. It is one of the 20 largest contract logistics companies
in Europe in terms of turnover. The logistics service sector has
several characteristics that are typical for most industries today.
Dynamic markets and a high degree of competition, environmental regulations, and economic efficiency demands necessitate flexible processes and quickly responding management
[48,49].

The internal panel of the Delphi survey consisted of
European managers, representing different positions within
the company: the President of the European headquarters,
Vice President of freight management, Senior Vice Presidents
for different logistic regions, Senior Managers of transport, or
Managing Directors of different countries. Therefore, there
was a high degree of diversity due to various cultural and
professional backgrounds. The panelists were identified via the
company's Intranet and job descriptions. In total, 65 managers
at a minimum of senior management level were identified as

to be very high, so that they are expected to use detailed
explanations of their reasoning when they find it necessary.
The external participants are expected to introduce insights
from their professional area, even though they are not likely to
reveal detailed information. We expect them to introduce a
high variety of information and a high level of uniqueness. Their
commitment can be anticipated to be lower than the commitment of the internal panelists. Therefore, we expect external
participants to provide less and shorter arguments, and invest
less effort in formulation. However, we do not regard the length
of the argument to be an indicator of its quality; shorter
statements might be formulated more precisely. External
panelists will not likely share confidential information or work
experiences but rather point out observable trends in their
professional area.
Proposition 2. The qualitative arguments of the homogeneous
internal and the heterogeneous external Delphi survey differ
significantly from each other.
Proposition 2a. The external panel provides a similar number
of arguments for the different dimensions while the amount of
arguments provided by internal panelists tends towards one
dimension.
Proposition 2b. The arguments provided by the external
panelists are more unique.
Proposition 2c. The kinds of arguments provided by the
two panels differ.
Proposition 2d. The content of the arguments of the two
panels differs.
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potential participants for the survey. These potential participants received advanced information about the survey from
the project's steering committee and a personalized link to the
online Delphi survey platform. Fifty-seven managers, equaling
a response rate of 87.7%, completed the survey, which proves a
high degree of interest in the research project. We can assume
that the panel is representative due to its high response rate
within a short survey period. Thus, the likelihood of a
non-response bias is very low.
For the external panel of the Delphi survey, we investigated
the value chain of the reference company's industry and
identified potential categories of stakeholders. The case company
provided information concerning customers, competitors, suppliers, associations, and academia based on internal contact
databases. Moreover, our research team identified companies of
interest via trade dictionaries and company websites. Participants of a Delphi survey should have a level of expertise in the
topic, which can be determined, among others, by the level of
management, the degree of job specialization, and the academic
or educational background of the individual [53]. The positions of
the invited participants depended on the company and its
internal labels for management positions. For example, knowledgeable participants for our external panel from the subgroup
of logistics service providers included CEOs, country managers,
or senior directors, and for the subgroup of customers sales
directors, supply chain directors, purchasing managers, or quality
managers. Supplier participants comprised CEOs, managing
directors, or supply chain directors. Furthermore, we invited
consultants who worked either for logistics service providers or
for their customer companies, as well as academics from the
supply chain services and the logistics fields. Overall, 449
potential external participants were identified and contacted
personally and were provided with a personalized invitation link
to the Delphi study. Eighty-eight actually completed the survey.
As the survey was market oriented, the majority of participants
were customers (distribution of participants into the subgroups
compare Table 2). The final response rate was 19.6%.
Compared to the internal panel, the response rate of the
external panel was relatively low, possibly due to the target
group being senior level managers of the industry that are
frequently asked to participate in market research. Previous
management research surveying senior managers yield
comparable response rates [54,55]. In order to ensure that
the low response rate does not limit generalizability of
results [56], we checked for non-response bias, as recommended by scholars for mail and Internet surveys [57,58]. It is
common to compare the evaluations of early respondents
with those of late respondents [58]. The non-parametric
Mann–Whitney-U-test applied to control for significant
differences among early and late respondents for the initial
assessments of estimated probability does not reveal significant differences. We therefore can assume that the respondents do not differ from the non-respondents.
3.3. Variables
The development of projections is a crucial process in Delphi
studies since it directly impacts the validity and reliability of the
study [59,60]. The Delphi facilitator team consisted of four
senior researchers competent in Delphi research as well as in
the reference company's industry. We followed a rigorous
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process along 4 phases. First, the four members of the facilitator
team, as well as a corporate team of three key decision makers
of the reference company (including the European president),
compiled an individual list of strategic issues for the industry's
future. After consolidation, 134 strategic issues were identified,
which were partly grounded in literature and partly based on
experience in practice. Second, a workshop was conducted to
further consolidate the list of issues. Redundancies were
eliminated and the issues were further aggregated. The resulting
list of 62 strategic issues was structured according to Porter's
Five Forces Model [61] and prioritized by their expected impact
in an open group discussion process. Prioritization limited the
maximum number of projections to 20 in order to avoid
research fatigue among Delphi panelists and thereby increase
data validity [62]. Third, the facilitator team developed a draft of
25 projections following established guidelines for projection
formulation and based on the 20 strategic issues [53]. The
projections were short, concise and provoking, but allowed for
broad discussion to cover all issues already eliminated in the
consolidation process. In joint discussion with the corporate
team, a final set of 18 projections was selected and the text
formulation refined. Fourth, a test group of 6 senior managers,
including representatives from the reference company's customers as well as suppliers, was formed in order to test the
projection set for face and content validity as well as
understanding. Their feedback resulted in further refinement
of wording. During the Delphi survey process, we presented the
final set of 18 Delphi projections to both internal and external
Delphi survey panels (see Appendix Table A1). These projections included four focus areas: customer expectations, collaboration, technology, and innovations in the logistics service
sector until 2020. The participants were invited to evaluate each
projection regarding its expected probability of occurrence (on a
scale from 0 to 100%), impact on industry in case of occurrence,
and desirability to occur (both rated on a 5-point Likert scale).
Assessments of 1 represented a low impact (undesirability)
whereas assessments of 5 equal a high impact (desirability). For
each evaluated dimension, the participants had the opportunity
to provide reasons for their decisions in writing. In a tutorial, the
participants could learn about the usage of the Delphi platform.
The questionnaire design and the Delphi tools were introduced
and examples on the surveyed dimensions and their evaluation
were provided.
3.4. The Delphi process
The Delphi method is an interactive, iterative group
communication process, in which participants evaluate
projections about the future inter alia regarding their
probability of occurrence, impact, feasibility, or rank a factor
list according to the factor's potential [41,63,64]. The survey
process is anonymous and participants receive feedback about
their evaluations in relation to the other participants' evaluations. Furthermore, they have the opportunity to reassess their
initial evaluations based on the group knowledge. Since its
development by the RAND Corporation in the middle of the
20th century [65] the Delphi technique and related methods on
the “wisdom of crowds” have become prevalent across all
disciplines in research and practice [66], particularly in foresight
and decision-making support [36,37]. Not only foresight in
general [67], but also the Delphi method in particular, has been
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Table 2
Comparison of internal and external panel information.
External panel

Internal panel

Projections

Identical set of 18 projections concerning 4 strategic topics
of the logistics service sectora
Panelists
88 managers from 15 European countries in companies/institutes
related to specific logistics service sector: 44 (potential) customers
(50%), 16 logistics service providers (18%), 9 suppliers (10%), 19
academics and association representatives (22%)
Response rate
19.6%
Sample period
March to April (7 weeks)
Estimated probability [total/per person]
212/2.4
Estimated impact [total/per person]
108/1.2
Estimated desirability [total/per person]
130/1.5
Average number of logins
3.19; SD = 0.91
Number of written arguments [total/per person] 746/8.5
Average IQR of probability ratings (SD)
21.4 (9.6)

57 managers from reference company
(logistics service provider) with
headquarters in Germany
87.7%
May (2 weeks)
164/2.9
92/1.6
131/2.3
3.25; SD = 0.61
859/15.1
18.3 (6.9)

SD = standard deviation.
IQR = interquartile range.
a
Customer expectations, collaboration, technology and innovation, sustainability.

criticized over the past decades [68,69]. Nevertheless, during
decades of application, research supports the reliability and
validity of the Delphi technique if it is conducted under rigorous
standards [12,13]. The broad usage of the Delphi technique in
research today demonstrates its popularity [70]. Literature
reviews of different Delphi applications have been provided by
Gupta and Clarke [71] or Nowack and his colleagues [72].
During the past decades, modifications to the classical Delphi
survey have been made [15,73,74]. For our research, we applied
an online, real-time Delphi survey format [41] that follows the
rationale introduced by Gordon and Pease [75]. After each
projection's first round assessment, our panelists received
feedback almost immediately, or in real-time, about other
panelists' evaluations. This method overcomes the main shortcomings of the paper-and-pencil Delphi survey method: long
time spans for the feedback loop, leading to response fatigue and
high drop-out rates. The real-time Delphi method provides the
same favorable characteristics of a classical Delphi survey,
namely anonymity, controlled feedback, and summarized
group response [36,76]. The Delphi portal was open for several
weeks so that the participants could visit it as often as they liked
to reassess their evaluations.
The two Delphi surveys were conducted sequentially:
Directly after the external panel survey concluded, the internal
company survey started. Information of the external panel was
not provided to the internal panel; the surveys were fully
independent of each other. In the following Table 2, we
illustrate the key characteristics of the two panels.
The survey period for the internal Delphi study could be
reduced to two weeks because the managers from the company
responded faster and logged into the Delphi survey more often
within a shorter period of time. The commitment of the
company's top management and its interest in the survey results
were very high. To give the external participants sufficient
opportunity to re-enter the platform, the survey period was
prolonged. Finally, the average number of logins of the two
panels and therefore the number of survey rounds in which the
panelists participated were almost equal for both panels.
Experience has shown that the majority of arguments are
provided after the first round. The internal panel provided
more written arguments despite the shorter survey period.
As an indicator for consensus among the panels for expected

probability, we provide the average interquartile ranges and
the respective standard deviation. For both panels, we split
the panels into two halves randomly and compared the
results to measure the reliability of results. No differences
were found in this comparison, indicating reliability. An
indicator for the stability of the data over the Delphi rounds
[77] cannot be applied, as the Delphi survey was conducted
in a real-time format and had no clearly defined rounds.
4. Analysis and results
4.1. Analysis and results of quantitative data
Previous researchers comparing two or more Delphi panels
displayed the means of the panels [78] either via applied t-tests
[79], t-tests that assume normality and Mann–Whitney U tests
[24], or Chi-square tests [80], depending on the type of questions
and the obtained data.
To identify the appropriate test for our data set, we started
by analyzing the shapes of our data distributions. First a
Kolmogorov–Smirnov test is conducted which reveals that the
data at hand is not normally distributed. Second, we conducted
Levene's test to test for equality of the variances of the two
panels. The test finds three projections, for which the variances
are not equal (projection 1: F(1, 143) = 11.375, ρ = 0.001;
projection 3: F(1, 143) = 8.115, ρ = 0.005, projection 10: F(1,
143) = 4.968, ρ = 0.027). Likewise, a subsequent Chi-square
test for comparing the similarity of distribution identifies
projections, for which the distribution is not equal (projection
1: X2(17) = 27.722, ρ = 0.048; projection 2: X2(15) = 27.351,
ρ = 0.026; projection 3: X2(18) = 30.904, ρ = 0.030; projection 12: X2(12) = 23.142, ρ = 0.027). No particular pattern,
such as bipolar distributions, could be found to provide
insightful explanation for the differences in distribution.
Levene's test and the Chi-square test support our Proposition 1a
that the data obtained from the two different panels does not
have the same distribution.
Since the Kolmogorov–Smirnov test showed that the data
at hand is not normally distributed, we applied a Mann–
Whitney U test for comparison of the means because it does
not assume normally distributed values. As the previously
mentioned tests revealed that the data sets did not have the
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same shape, the Mann–Whitney U test compares the ranks of
the means [81]. Therefore, a closer investigation of the
distributional differences becomes necessary to obtain more
information on the differences of the two panel data sets [82].
The comparison of the internal and external panels was
conducted for initial and final evaluations of expected probability of occurrence, impact, and desirability.
First, the mean values are compared by investigating the
initial assessments for expected probability of occurrence. For
the initial assessments, differences between the panels are based
on the varying levels of information that the participants have at
the outset. Feedback from co-participants is not yet provided and
therefore, cannot influence the participants' evaluations. The
Mann–Whitney U test finds significant differences in seven of 18
projections on a 0.05 level of significance (see Table 3).
Second, we investigated the final assessments for expected
probability of occurrence. The Mann–Whitney U test likewise
reveals significant differences between our internal and external
panel in seven of the 18 projections on a 0.05 level of significance
for the final results. However, differences were not found for the
same projections in the initial and final assessments. In the final
assessments, we find a significant difference for projection 18
that is not present for the initial assessments. The initial
assessments differ significantly for projection 7, where no
significance is found for final results.
For the investigation of the initial and final evaluations of
impact and desirability provided by the internal and external
Delphi panels, we again applied the Mann–Whitney U test. For
each initial and final estimations, the difference is significant on
a 0.05 level for only one projection (see Table 4).
The difference between the panels regarding initial assessments of desirability of occurrence is significant on a 0.05 level of
significance for six projections. For the final estimations, a
significant difference on at least a 0.05 level of significance is
identified for eight projections, resulting in 44% of projections
with differences in the final results.
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The series of Mann–Whitney U tests (Tables 3 to 5)
demonstrates that there were numerous projections for which
the evaluations of internal and external participants differ
significantly on a 0.05 level of significance. For the final results,
which would be the basis for decision makers, we receive
participants' evaluations regarding three dimensions that were
judged for 18 projections, resulting in 54 outcomes. From these
54 evaluations, 16 deviate significantly from the internal to the
external panel, corresponding to 30% deviation. The greatest
differences are revealed for the evaluation of desirability of
occurrence. Our findings thus supportProposition 1b. In fact,
there were differences for all topics of the projections, which
concerned customers, competition, innovation, and sustainability. Therefore, additional recommendations cannot be made
whether there is a thematic area for which the differences are
often noticeable.
In a more detailed analysis of the final estimations of
probability of occurrence, we also observe differences in the
distribution of the values (Table 6).
Quantifying the degree of consensus among Delphi panelists
is an important component of Delphi data analysis and
interpretation [83,84], but reaching consensus (as measured by
a certain pre-defined threshold value) is not the general aim of a
Delphi survey [85,86]. Among others, the IQR is often used as a
measure for consensus in Delphi literature due to its robustness
as a statistical measure [86–88]. The IQR is the range in which the
middle 50% of the provided evaluations are located. Therefore, a
smaller range is an indicator for a lower dispersion of the data
[89]. Depending on the utilized scales, different thresholds for
the IQR were defined to indicate that consensus among the
experts was achieved [84]. After reviewing these previous
measures and utilizing a scale from 0 to 100%, we defined an
IQR equal to or smaller than 20 as an indication of consensus for
the research at hand. Since such pre-defined measures have to be
treated with caution, we also added summary statistics of the
IQRs to Table 2 additionally strengthening the conclusions drawn

Table 3
Mann–Whitney U test for the comparison of internal and external Delphi panel assessments of probability of occurrence.
Projection number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
⁎ ρ ≤ 0.05.
⁎⁎ ρ ≤ 0.01.
⁎⁎⁎ ρ ≤ 0.001.

Initial evaluations of expected probability of occurrence

Final evaluations of expected probability of occurrence

U

Max [%]

U

Mean [%]

Min [%]

Max [%]

95
100
100
90
100
100
100
100
100
95
100
100
100
100
100
100
100
100

1,561.0⁎⁎⁎

31.1
42.8
61.4
44.6
74.1
72.3
65.8
47.8
73.1
66.8
78.6
80.7
77.6
80.8
62.0
64.3
67.0
63.4

0
10
0
0
10
0
5
0
20
5
20
10
5
10
0
10
0
5

90
90
100
90
100
100
100
100
100
95
100
100
100
100
100
100
100
100

1,761.0⁎⁎
2,669.5
3,069.0⁎
2,520.5
2,764.5
2,640.5
3,041.5⁎
2,294.5
2,561.0
3,009.0⁎
3,156.0⁎⁎
1,879.5⁎⁎
2,362.5
2,637.0
3,355.5⁎⁎⁎
2,439.5
2,245.0
2,067.5

Mean [%]
35.5
44.9
58.8
44.0
71.6
70.9
61.2
48.1
70.4
65.3
77.9
79.9
76.7
80.4
62.6
63.5
66.3
64.3

Min [%]
0
0
0
0
10
10
0
0
10
5
20
10
5
10
0
0
0
5

2,950.5
3,346.0⁎⁎⁎
2,584.5
2,724.0
2,693.5
2,749.0
2,257.0
2,422.5
3,093.5⁎
3,138.0⁎⁎
1,780.0⁎⁎
2,397.0
2,699.5
3,292.0⁎⁎⁎
2,413.5
2,186.0
1,860.5⁎⁎
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Table 4
Mann–Whitney U test for the comparison of internal and external Delphi panel assessments of impact.
Projection number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Initial evaluations of impact

Final evaluations of impact

U

Mean

Min

Max

U

Mean

Min

Max

2,498.0
2,314.0
2,329.0
2,521.0
2,282.0
2,294.0
2,601.0
2,124.0
2,694.0
2,600.0
2,885.5
2,170.5
2,273.0
2,669.5
2,331.0
2,435.5
1,944.5 ⁎⁎,⁎,⁎⁎⁎
2,519.0

3.3
3.3
3.7
3.2
3.9
3.8
3.8
3.3
3.6
3.9
4.0
3.9
3.9
3.9
3.8
3.3
3.9
3.5

1
1
1
1
2
1
1
1
2
2
2
1
2
2
2
1
2
1

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

2,446.5
2,148.0
2,296.0
2,447.5
2,282.0
2,318.0
2,577.0
2,340.0
2,781.0
2,619.0
2,835.0
2,187.5
2,304.5
2,685.5
2,158.0
2,468.0
1,974.5⁎⁎
2,683.0

3.2
3.4
3.8
3.2
4.0
3.8
3.8
3.3
3.7
3.9
4.1
3.9
3.9
3.9
3.9
3.3
3.9
3.5

1
1
1
1
2
1
1
1
2
2
2
1
2
2
2
1
2
1

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

⁎ ρ ≤ 0.05.
⁎⁎ ρ ≤ 0.01.
⁎⁎⁎ ρ ≤ 0.001.

regarding consensus. The IQR of the internal panel did not show
consensus for four of 18 projections, while consensus was not
achieved for 9 projections by the external panel. When adjusting
the threshold to 25, another frequently used threshold, the
difference becomes even more obvious with consensus for two
additional projections in the internal survey and just one
additional projection for the external panel. Moreover, the
average of the IQRs and the respective standard deviations
(Table 2) were higher for the external panel. Therefore, we
conclude that consensus was reached more often for the internal
than for external panel.
To shed further light on the dissent results, we conducted an
outlier analysis for Delphi data [86]. It is expected that 1% of the

data, that is one evaluation, is an outlier. For the external panel,
we have four projections for which we observe one outlier,
three projections with two outliers, and five projections with
three outliers. Since none of the eight projections with more
than one outlier has an IQR above 20, this result does not
function as an explanation for the observed dissent. For
comparison, the outlier analysis for the internal panel results
in six projections with one outlier, seven projections with two
outliers, and only one projection with three outliers. As with the
previous analysis, only one of these projections is a projection
for which no consensus was reached — outliers do not function
as an explanation for observed dissent. However, in comparing
the two panels, we determined that the external panel had

Table 5
Mann–Whitney U test for the comparison of internal and external Delphi panel assessments of desirability.
Projection number

Initial evaluations of desirability
U

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
⁎ ρ ≤ 0.05.
⁎⁎ ρ ≤ 0.01.
⁎⁎⁎ ρ ≤ 0.001.

1,900.5⁎
1,922.0⁎
3,198.0⁎⁎
2,075.0
2,134.5
2,361.5
3,078.5⁎
2,538.0
2,834.5
3,094.5⁎⁎
2,234.5
1,791.0⁎⁎
2,192.5
2,302.0
2,920.5
2,263.5
2,126.0
2,545.5

Mean
2.5
2.5
3.5
3.2
3.7
3.7
3.6
3.5
3.6
3.6
3.6
3.9
3.9
3.7
3.4
3.4
3.6
3.2

Final evaluations of desirability
Min
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Max

U

Mean

Min

Max

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

1,612.5⁎⁎⁎
1,728.0⁎⁎⁎
3,320.0⁎⁎⁎
1,925.0⁎

2.4
2.5
3.7
3.2
3.8
3.7
3.6
3.6
3.6
3.7
3.7
4.0
3.9
3.7
3.4
3.4
3.7
3.2

1
1
1
1
2
1
1
1
1
1
1
2
1
1
1
1
1
1

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

2,220.5
2,332.0
3,003.0⁎
2,714.0
2,785.0
3,115.5⁎⁎
2,309.5
1,800.0⁎⁎⁎
2,195.0
2,395.5
3,044.0⁎
2,086.0
2,250.0
2,432.5
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Table 6
Distribution of evaluations for expected probability of occurrence.
Projection number

External Delphi panel

Internal Delphi panel

IQR

Min [%]

Max [%]

SD

CV

IQR

Min [%]

Max [%]

SD

CV

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

30
30
26.25
30
10
10
20
40
10
26.25
10
10
20
10
22.5
30
20
30

0
10
5
5
10
15
10
0
30
5
20
20
20
30
0
10
0
20

90
90
90
100
90
100
100
100
100
90
100
100
100
100
100
100
100
100

21.8
23.0
20.7
20.5
17.0
18.4
19.8
25.9
14.5
17.6
15.7
14.5
16.4
12.4
20.8
17.6
19.0
21.0

−18.4%
−10.5%
−15.1%
−5.9%
−12.6%
−5.8%
−7.7%
−2.0%
−13.6%
−5.2%
−3.9%
−1.1%
−3.0%
−2.9%
−4.8%
−10.1%
−3.7%
−2.5%

20
20
20
30
20
15
20
30
20
10
10
5
15
10
25
20
15
25

0
10
0
0
30
0
5
0
20
20
25
10
5
10
15
20
10
5

70
90
90
90
100
100
95
90
100
95
100
100
100
100
100
90
100
100

15.1
19.8
16.5
20.9
16.8
22.0
20.0
21.5
16.7
14.3
13.0
15.7
15.1
15.7
18.7
15.0
14.9
21.9

−33.6%
−13.2 %
−19.1%
−8.3%
−6.9%
−4.9%
−7.0%
−12.7%
−7.2%
−10.7%
3.3%
−2.0%
−5.2%
−2.1%
−2.3%
−8.1%
−6.6 %
−7.2%

IQR = interquartile range.
SD = standard deviation.
CV = convergence rate (% change in SD of initial and final mean estimate).

more outliers in total. One explanation might be the greater
diversity in panel composition, but it could also be influenced by
the larger panel size in the internal survey. To provide possible
reasoning for the expected dissent for some of the projections,
we conducted outlier and bipolarity analyses [90]. However,
we could not detect a bipolar distribution of the data.
The total range of the evaluations is only higher for nine
projections of the external panel; for seven projections the
range is even larger for the internal results. This result is
surprising since we expected the range to be broader for the
external panel — the professional background of the panelists
is more heterogeneous and, therefore, the range of provided
evaluations is expected to be broader.
Although the average convergence rate (percent change in
SD of initial and final mean estimate) is higher for the internal
panel than for the external panel (−8.5% vs. −7.2% respectively), there are eight projections for which the evaluations of
the external panel converge more than the internal panel. For
one projection, the opinions of the internal panel even diverge
(projection 11). The majority of projections for which the
external panel evaluations converge more than those of the
internal panel, are those for which the external interquartile
range is smaller than the respective internal range. The low
convergence of the evaluations therefore is not explained by a
smaller range of initial evaluations. In conclusion, an unambiguous answer toProposition 1c cannot be made.
Finally, we compare the frequency of changes in the
evaluations of the two panels as displayed in Table 7. Here, we
Table 7
Total frequency of changes in estimations.
Total changes for

EP

I

D

Internal
External

177 (17.3%)
221 (14.0%)

97 (9.5%)
108 (6.8%)

140 (13.6%)
135 (8.5%)

EP = Estimated probability of occurrence.
I = Impact.
D = Desirability.

display the total number and the percentage of the changes over
all eighteen projections.
We expected that the external panelists would change their
evaluations more often, because they receive information from
a more diverse group with different perspectives. Nevertheless,
changes for the internal panel were more frequent: therefore,
we reject Proposition 1d.
4.2. Analysis and results of qualitative Delphi data
For the analysis of the qualitative arguments, we followed the
general and established coding procedure proposed by Miles and
Huberman [91] with a-priori codes, which are changed and
developed by additional codes arising during the coding
procedure. In order to avoid bias, the coding was conducted by
two different coders of the facilitator team. All discrepancies
were resolved by mutual agreement between the coders; in case
of differing opinions, a common code was developed after
discussion. For each panel, each projection, and each dimension
(high/low expected probability of occurrence, high/low impact,
high/low desirability), we analyzed which aspects were provided
by the participants in their arguments. One argument can include
multiple aspects since these often comprised full sentences.
Therefore, each aspect received a different code. Since different
aspects can be mentioned by more than one individual, we
aggregated the codes for each projection's dimension. We took
into consideration that the same aspect might be new for
different projections. This results in the possibility to have two
different codes for the same aspect. This enables to differentiate
whether one code was mentioned for more than one projection.
In a first step of analysis, we compared the codes for each
projection in detail to determine to what degree the participants
from one panel provided reasoning that was not mentioned by
participants in the other panel. In this stage, we also compared:
a) whether the panelists tended to provide reasoning only for
one aspect of a dimension, or b) whether the panel reasoned
for both directions equally, and c) whether the participants of

224

B. Förster, H. von der Gracht / Technological Forecasting & Social Change 84 (2014) 215–229

one panel provided the same codes as their co-panelists or
d) whether some codes were mentioned only once.
For the analysis of the qualitative data, we coded the 859
arguments from the internal Delphi study as well as the 746
arguments from the external survey. While the internal
participants provided a higher number of arguments, coding
of the arguments resulted in only 99 different codes. On the
other hand, the arguments provided by the external participants could be coded into 142 different codes. Therefore, we
conclude that the external participants provided a greater
variety of aspects in their arguments.
We investigated the distribution of arguments as provided
by the participants along the three dimensions probability of
occurrence, impact, and desirability. Participants provided the
most amounts of arguments for probability of occurrence.
Therefore, we decided to examine whether the number of
arguments provided in the two panels for low and high
probability of occurrence was almost equal. This could function
as an indicator of balanced argumentation for or against the
occurrence of an event. We can observe that for the internal
panel, the number of projections for which we find dissimilar
amounts of arguments for high or low ratings is higher than in
the external panel. For the internal panel, 16 of the 18
projections show a difference in the number of arguments
(delta) that is higher than five arguments. Two projections
even had 23 arguments more for the one opinion direction, e.g.
low, than for the other, e.g. high. For the external panel, the
arguments were provided more equally for low and high
probability of occurrence. Only in 9 of the 18 projections the
difference (delta) in the number of arguments given is higher
than five. The maximum deviation in the external panel is 19
arguments. Therefore, the results support Proposition 2a.
We summarized the frequency of occurrence of one code
for each projection and each dimension. We can observe that
in the external panel more codes appeared only once than in
the internal panel, indicating that these codes were novel and
unique. The codes might be outlier statements or specific
information by knowledgeable individuals. In the internal
panel, the codes were repeated more often. For instance the
“influence on the costs” was stated most often, namely 66
times. These results support Proposition 2b.
In a second step, we aimed to identify differences in the
answering behavior of the individuals. First, we counted the
average number of words the participants used for their
argumentation. However, it is important to note that an
argument with more words is not necessarily better than a
short one. The quality depends on the content. We assumed that
the length of the argument is an indicator for the dedication and
interest of the participant because he or she took the time to
support his or her answers. The external panelists used 15.2
words on average while the internal panelists used 13.1 words.
However, the results indicate that the difference in the length of
the reasoning is very small.
Afterwards, we considered the type of argument. Based
on previous research experience of the facilitator team,
including 32 past Delphi studies with more than 20,000
qualitative arguments, we derived generic categories in
which the arguments were sorted: first with regard to their
content, second with regard to their syntax. The categories
are shown in Table 8. The label “[company]” replaces a specific
name provided by an expert.

One argument may contain variations of the mentioned types
and, therefore, can be assigned to more than one type. The
results of the comparison of the types of arguments the members
of the two panels provided are summarized in Table 9.
Considering the large amount of different types of arguments in relation to the total number of arguments provided,
the internal panel specified their answers more often, for
example to make a distinction between kinds of products and
talked more about their personal experiences than the external
panel. The internal panel also used fragments and catchwords
more frequently, while the external panel used whole
sentences. This is an indicator that the external panelists took
their time to provide reasoning for their evaluation — the usage
of catchwords by the internal panelists might be due to a
common internal understanding of certain terms. The external
panelists discussed trends more often, topics where information
is easily accessible to the public, and were not as specific in
describing past experiences than the internal panelists. Furthermore, only one case was found, where the expert seemed to
have misunderstood the projection at hand. However, in total
the observed differences were very small. No real differentiation
between the panels can be made on behalf of the kinds of
arguments used. We therefore cannot support Proposition 2c.
In a last step, we considered the content of the arguments,
especially focusing on the question whether the internal
panelists discussed company-specific information. The participants in the internal Delphi survey took advantage of the fact that
the discussion was only accessible by fellow colleagues and kept
confidential. They provided statements regarding the reference
company's core competencies, the demands or suggestions made
by customers, the desirability of certain developments considering the business strategy of the company, etc. Such sensitive
information and protection of specific knowledge are crucial to
company success [92]. Therefore, these arguments would not
have been stated in a survey where competitors could read them.
On the other hand, the external participants provided more
arguments concerning the macro economy than the internal
participants. They considered the development of the employment rate, provided insights from customers' or manufacturers'
perspectives more often, and were more skeptical about the
highly integrated logistics service concept that is offered by our
reference company. Proposition 2d is therefore supported.
5. Discussion
Our comparison of an external and internal company
Delphi panel yields support for Proposition 1. One possible
reason for the differences in the numerical evaluations could
be the composition of the panels: the external Delphi panel
has higher heterogeneity with regard to the participants'
professional background and knowledge background than
the internal Delphi panel [1,29]. Our research confirms that
when conducting an internal Delphi survey, the participants
are very likely to have a similar information base and similar
biases, since they have a comparable desirability for certain
events or have similar mindsets [21]. On the contrary, the
external panel encompasses a wider range of perspectives.
An indicator hereof is the high IQR in our research, indicating
higher dispersion, which can have a high value for foresight
projects as well, and might even be the purpose of research
such as Policy Delphi studies [93].
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Table 8
Examples of types of arguments.
Type of argument

Example from Delphi discussion

Particular cases
Figures

New retail concepts are gaining momentum in many countries (see e.g. [company] in Spain).
If they are giving 1–2% discount on the product price, that can be compensated by 10–20%
decrease in logistics costs.
The outsourcing trend will continue.
The automotive industry has already done so, this sector should try to do so as well.
If the customer totally relies on the expertise of the food logistic provider, the customer may
decide to assign their logistics partner with the design and operation.
Competitors will be challenged in the future.
It is fundamental!
Customers already require this.
It depends on the type of firm.
Compare with my first evaluations…
Do not understand what the projection means…

Trends
(Historical) analogies
Cause–effect relationships
Developments
Beliefs
Experience
Differentiation
Lack of information
Misunderstandings
Syntax
Whole sentences
Phrases
Catchwords

The focus on customers does not allow focus on other jobs.
Limited time of consumer
Environment

It was not possible to ascertain whether differences occurred
more often for a certain topical area. The purpose of long-term
foresight activities is not to find true statements about the future,
but to identify possible developments that are not expected,
evaluations that differ from the opinion of the majority are
welcome to find a basis for robust strategy development [94].
Differing ranges of opinions can be observed for the external
panel, where we found dissent in the evaluation of the expected
probability of occurrence in 50% of the projections.
In the analyses of the qualitative data, internal panelists
provided more arguments than the external panelists, which
might be due to higher commitment. The kinds of arguments are
similar, but the external panelists provided more statements that
were unique in reasoning. More codes were derived only once
within the external panel than in the internal panel. While the
internal panelists took advantage of the opportunity to explain
their past experiences and to talk about company-specific
information, external panelists often described cause–effect
relationships followed by expressions of their beliefs. This is in
line with our expectations.
The rather identical knowledge base of employees from
one company causes a limited amount of novel opinions, as
indicated by the lower number of codes for our internal

Delphi survey. Members from different companies in a panel
contribute innovative and uncommon ideas, thereby adding
to the richness of information, and sometimes shared this
indirectly in their estimations or directly in their written
arguments. However, in sum the differences between the
arguments of the external panel and those of the internal
panel are limited in number. Thus, we could not find full
support for Proposition 2, as Proposition 2c is not supported.
In addition to analysis of results, Preble [24] pointed out the
difference in costs related to intra-company and inter-company
panels and suggested choosing intra-company since the costs
related to conducting an internal Delphi survey are lower. He
argued that the costs for recruiting external participants and the
subsequent procedural costs are much higher than for an
internal company Delphi study. However, the research at hand
uses an online Delphi format, which has proven to be more cost
efficient than the paper-and-pencil Delphi surveys: recruiting
participants via Internet and telephone has become cheaper.
Moreover, the online format is more convenient, the amount of
time required to participate in online surveys is less, and the
participant drop-out rates are lower. The panelists receive direct
feedback and the survey finishes after a preset time span; not
when consensus or stagnation have been reached [41,95].

Table 9
Types of arguments and panel comparison.
Type of argument

External panel
[total number/percentage share]

Internal panel
[total number/percentage share]

Percentage difference

Particular cases
Figures
Trend
(Historical) analogy
Cause–effect relationship
Developments
Beliefs
Experience
Differentiation
Lack of information
Misunderstandings
Whole Sentence
Phrases
Catchwords

5/0.7%
0/0%
116/15.5%
6/0.8%
368/49.3%
60/8.0%
279/37.4%
127/17.0%
67/9.0%
5/0.7%
1/0.1%
568/76.1%
163/21.8%
21/2.8%

6/0.7%
4/0.5%
78/9.1%
5/0.6%
422/49.1%
70/8.1%
332/38.6%
199/23.2%
92/10.7%
6/0.7%
0/0%
588/68.5%
209/24.3%
71/8.3%

0%
0.5%
6.4%
0.2%
0.2%
0.1%
1.2%
6.2%
1.7%
0%
0.1%
7.6%
2.5%
5.5%
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Therefore, online surveys can result in better reliability and
validity [41]. However, the effort required to identify external
participants might be worth the benefit of having external
independent advisors support in improving decision accuracy. A
Delphi survey conducted with external participants might be a
good solution although recruiting costs are still high and the
response rate is considerably lower for the external panel than
for the internal panel, where managers are motivated to
participate by company interests.
An external Delphi panel does have additional disadvantages
in addition to participant identification and recruiting efforts. An
important precondition for advice taking is that the advisors are
trustworthy and not intentionally misleading [3,44]. Since
participants for an external Delphi panel could include individuals from competing companies, the question of whether these
participants would be truthful cannot be answered definitely.
Moreover, customers might want to encourage a company to
endorse risks, so that they do not have to do it themselves. In
order to counteract possible deceptive responses, outliers'
impacts can be qualified in the analysis of Delphi results.
Furthermore, for a heterogeneous panel, such as the external
panel, a larger sample size is required in order to cover all
relevant parties [70].
Based on the aforementioned information, the decision of
selecting an internal or an external Delphi panel depends on the
survey topic and the purpose for which the data will be used.
Internal panels should be consulted when the Delphi survey
strives for consensus-building. The employees of one company
are more likely to arrive at a shared opinion about the future.
Our analysis proved that it is useful to discuss a topic in depth
which is related to the company's strengths and weaknesses
since it provides the opportunity to share knowledge and to
involve the employees in the strategic decision making process.
Therefore, it is applicable for conventional Delphi surveys,
where in addition to structuring the group communication
process, the focus is on finding consensus and the most reliable
forecast for certain topics [68]. The same applies to decision
Delphi applications, where decision making is to be prepared
and supported [96]. Due to the shorter preparation time and the
lower effort required to recruit experts, internal panels are a
useful source of advice when the time frame of the survey
period is short or the resources that are available for the
foresight project are limited, which might especially be an
argument for small and midsize enterprises (SME) [97]. Finally,
we can conclude that the knowledge obtained from own
management sources might be a sufficient source of information, if companies are rather independent of external influences
and act in a stable environment [98].
Our research supports that external Delphi panels are
beneficial when a variety of opinions is desired, such as in policy
Delphi surveys [85,93] or also decision Delphi applications. For
the development of scenarios, it is also desirable to have
divergent data as a basis to develop multiple scenarios, which
should challenge mental models of the future [99]. This is the
target application of the data generated by the Delphi survey at
hand. Furthermore, the usage of external panels is recommendable when a broad set of projections is to be evaluated. When the
projections cover different topics, as in our survey, it is even
more likely that the external experts have knowledge beyond
that of internal panelists and higher levels of expertise for some
of the topics. Finally, involving external panelists in a Delphi

survey is a form of proactive stakeholder management. The
company conducting the external Delphi survey strives to
anticipate the stakeholders' expectations of the future in order
to be able to proactively act in case their expectations do not
match with the company's expectations [35,100]. The interests of
the stakeholders in the company should be enhanced. Knowing
the stakeholders' objectives not only affect firm performance
positively, it is also a way of legitimating decisions [34,101].
Stakeholders, such as (potential) customers, can rate the topics
regarding their expected probability of occurrence, impact and
desirability: dimensions which should be considered when
deciding about actions to adhere to stakeholder interests [102].
The reference company benefited from fruitful discussions with
its partners even after the study.
Conducting not only one internal or external Delphi survey,
but to conduct both simultaneously as separate panels might
have additional advantages. In addition to being able to
determine, prepare for, and adapt to stakeholders expectations
of the future, another advantage from the company's perspective
is that the employee evaluations remain confidential. Of course,
the costs of conducting two separate Delphi surveys need to be
evaluated against the expected benefit for every application
individually.
6. Limitations and future research
We are aware of limitations to our research, which lead to
future research directions. We only presented a limited number
of projections to the panels. The logistics service sector will face
more than these issues in the future. However, in order to
prevent response fatigue and to ensure a vivid text-based
discussion in the survey, we limited the number of topics
presented.
Furthermore, one might assume that the internal panelists
were obliged to participate. Their ‘real’ commitment might be
weaker (artificial motivation) than that of the voluntary external
participants. However, the amount of changes to evaluations per
person and the number of Delphi platform logins were even
higher in our internal panel, which can be perceived as an
indicator of their honest commitment. Moreover, the number of
logins can refute the possible doubts regarding comparability of
the two panels because of the differing survey periods. A shorter
surveying period was possible due to the motivated internal
panel which re-logged-in several times.
In our analysis of the quantitative data, we utilize the Mann–
Whitney U test even though the panel data does not meet the
often mentioned requirement of same shape. According to
literature, the Mann–Whitney U test may be utilized for data
that does not fulfill this requirement, but then the test compares
the ranks of the means and not of the medians [82].
In the literature review, we mention rivalry as one aspect
because of which internal advice might be neglected. The degree
of perceived rivalry might be reduced due to the anonymous
survey design of the Delphi method and by the selection of
panelists, for instance by selecting only one specialist from each
department.
Finally, we cannot state that the evaluations made by the
external Delphi panel are more accurate than those made by the
internal panel. Since we consider events in the future, we can
only indicate reasons why we expect their evaluations to be
more accurate: due to the higher level of diversity within the
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panel and the resulting bracketing effect. However, with our
research we do not claim to make accurate forecasts for the
long-range, but we aim to structure a systematic group
discussion on the future, to facilitate a strategic conversation
among experts, and to compare different panels during that
process.
Future research might particularly focus on the different
dimensions of heterogeneity. In our research, we focused on
diversity in professional background and a diverse range of
companies for whom the external participants work for
(operational focus). Additionally, the biases individuals can
have should be further investigated since they might have
influenced the participants' evaluations.
7. Conclusion and managerial implications
In our research, we compared the results of two independent Delphi panels on an identical set of projections. The first
panel consisted of managers from a reference company, a
global logistics service provider. The participants from the
second panel came from the company environment of the
reference company and included not only competitors that
offer similar logistics services, but also (potential) customers,
suppliers, and academics. An analysis of the results revealed
that the expectations of both Delphi panels differ significantly.
We find significant differences for 30% of the criteria.
From the discussion of our results in the context of the
reviewed literature we derive the following conclusions:
Internal panels should be consulted when the Delphi survey
is designed to promote consensus-building for certain decisions. Internal topics can be discussed; information is kept
confidential. Moreover, less time is needed to recruit participants and their response time is shorter. Therefore, internal
Delphi surveys are applicable when the time frame is limited or
the resources are restricted. External Delphi panels should be
consulted when numerous perspectives on different subjects
are desired. Applications include policy Delphi surveys,
decision Delphi surveys, and, depending on their purpose and
scope, Delphi-based scenario projects. Indeed, conducting
Delphi surveys with both internal and external panels offers
the most diverse and plentiful opportunities for decision
makers. The differing expectations can be analyzed to find
group patterns and to more aptly match strategies.
The reference company benefited in many ways from the
external Delphi survey. Not only did the company receive
knowledge about their stakeholders' expectations, which enables its management to act proactively to suit their requirements. The company also involved stakeholders in its decision
processes and thereby increased their commitment and confidence in the company. Our reference company received very
positive feedback from their customers and potential customers
regarding their foresight activities. After the Delphi project
concluded, the reference company invited customers, who
participated in the external survey, to follow-up workshop
sessions. The reference company took advantage of different
media channels to communicate their activities and presented
the study at conferences, in in-house magazines, and in popular
logistics magazines. Furthermore, the project was the keystone
for the foundation of two interdisciplinary working groups, who
work on the upcoming topics from the foresight project, such as
sustainability certification.
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Appendix A
Table A1
Set of projections.
Projection Projection text
number
1
2
3
4

5
6

7
8
9

10
11
12

13

14
15
16

17

18

2020: The demand for one-stop shopping concepts has
significantly decreased within the food service logistics industry.
2020: Long-term contracts between customers and food
service logistics providers represent exceptional cases.
2020: Food service logistics providers are responsible for the
design and operation of the customers' food supply chains.
2020: Small- and medium-sized logistics service providers
have been able to increase their competitiveness against
large logistics enterprises.
2020: The food service logistics industry is characterized by
high pressures to innovate.
2020: Customers demand food service logistics companies
to take care of reverse logistics processes (e.g. removal and
recycling of all fractions of waste).
2020: Food service logistics providers take over in-store
logistics processes (e.g. inventory management).
2020: Customers are willing to pay a premium for hygiene
and safety in the food supply chain.
2020: Food service logistics providers have been able to
extend their distribution networks to the supply of kiosks,
petrol stations, automated shops etc.
2020: Customers increasingly ask their food service logistics
providers to take over supply planning.
2020: Challenges in city supply demand for innovative logistics
services.
2020: Customers force food service logistics providers to
reduce their carbon footprint (without compensating for
occurring additional cost).
2020: New technologies (e.g. smartphones, apps, RFID etc.)
have helped food service logistics providers to increase
customer satisfaction.
2020: Customers ask for high flexibility in service offer from
their food service logistics providers.
2020: Food service logistics providers are forced to switch to
alternative modes of transport (e.g. rail, sea, air, pipeline).
2020: Workplace design and ergonomics (e.g. senior
oriented infrastructures) in the food service logistics
industry are focused to meet the requirements/capabilities
of elderly employees.
2020: Local sourcing for food products has become more
important than global sourcing in the food service logistics
industry.
2020: Customers demand full cost transparency from their
food service logistics providers (e.g. disclosure of cost
structures, cost breakdown, etc.).
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