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Validating design principles for creative collaboration

Frans van Gassel', Isabelle Reymen' and Ger Maas'

' Eindhoven University of Technology, fj.m.v.gassel@tue.nl

Design Science Research (DSR) lacks accepted validation approaches to validate its outcomes (design principles and
design solutions). The quality of such a validation has to be ensured so that the outcomes of DSR are as methodologically
thorough and as practically relevant as possible. This study introduces a pragmatic validation approach to ensure the
quality of design principles. It uses a three-step approach, combining (1) evaluating the design solution as a case in
practice, (2) qualifying the implementation of the set of design principles, and (3) assessing the validity of evaluation and
qualification results. The validation approach is illustrated by assessing the evaluation results of a creativity facilitation
course (design solution) developed according to a set of design principles

Keywords: design meetings, design principles, design science research, pragmatic validation

1 Introduction

Design Science Research (DSR) is a research approach, described by Simon [20] [21] and based
on the approach of the design sciences, which develops generic knowledge and understanding to
solve field problems. A field problem is a problem that occurs frequently in practice and for which
there is no solution. By designing and evaluating a product or process the knowledge and
understanding of the problem will be achieved. This research approach is further described by Van
Aken, Romme and Andriessen [2, 24, 25, 27].

DSR [24] links practice with research findings [16] using design principles and design solutions as
research outcomes. Figure 1 depicts this approach based on the research-design-development cycle
adapted from Van Burg, Romme, Gilsing and Reymen [29]. The research-design-development
cycle uses arrows to visualize knowledge and practice streams in design science research. The
practice stream, flowing from right to left, develops new products or processes and provides
practical experience. The knowledge stream, flowing from left to right, develops new scientific
knowledge through the research activity reflection-in-action [18]. These knowledge and practice
streams continually repeat themselves with changing characteristics. Design principles are
“normative ideas and propositions, grounded in research, that serve to design and construct
detailed solutions” [16]. The design principles will be derived from research findings and will
support the design manager to shape, organize and lead complex developing processes and
creative meetings.

A design principle can follow the so-called CIMO logic: “In this class of problematic Context (C),
use this Intervention type (I) to invoke these generative Mechanisms (M) to deliver these outcomes
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(O)” [5]- In this study the descriptions of the design principles follow this logic.

Developing new scientific knowledge ——p

’ Design I Design Research

Practices solutions principles findings

1

—

<«4— Developing new products and processes

Figure 1. The research-design-development cycle (adapted from Van Burg et al. [29]).

According to Van Aken and Van Fenema [26], assessing the validity of design science research
outcomes differs from explanatory research with regard to strategy and objectives. When the
interventions, the system of interest, and/or the desired outcomes are too complex, it can be useful
to evaluate a series of case studies that solves a field problem.

The quality of the validity assessment of design science research outcomes has to be ensured so
that the research is as methodologically thorough and practically relevant as possible [2].
Methodological thoroughness means the results are reliable and valid, the reporting is transparent,
the research design is explicit, and the conclusion is unambiguous, plausible and generic. A
practically relevant design is one that is explicitly workable and useful, tested in practice, and the
client finds innovative and valuable. Pragmatic validation [26] has been proposed for validating
DSR outcomes. A pragmatic validation, according to Kvale and Brinkman in Van Burg [28], is
“the extent to which the research creates guidelines that generate the desired outcomes when those
guidelines are actually applied”. It is unclear, however, what such a validation approach looks like
in practice. Verschuren and Hartog [36] recognized this problem and developed an approach for
validating design solutions. This study focuses on an approach for validating a set of design
principles. Our research question is stated as: How can design principles be validated in a
pragmatic way?

The paper contributes to DSR and more specifically to the validation process of this type of
research. Based on a literature study, a validation approach has been developed, which is
illustrated by assessing the evaluation results of a creativity facilitation course solution developed
according to a set of design principles. Especially in the domain of (building) design management,
where experiments in a laboratory environment are hardly possible, our approach seems very
useful. The paper first introduces the pragmatic validation approach (Section 2), which is followed
in the research. Then discusses the application of the validation approach to the case, being a
creativity facilitation course, in the Sections 3 to 6. The paper ends with a discussion and
conclusion of the research.

2. Pragmatic validation approach

Our pragmatic validation approach assesses the validity of the evaluation results of a design
solution developed according to a set of design principles and assesses the quality of the
implementation of the set of design principles. We split our validation approach into the following
three steps: (1) Evaluating the design solution as a case in practice, (2) Qualifying the
implementation of the set of design principles, and (3) Assessing the validity of evaluation and
qualification results.

In Figure 2 the three steps are connected with each other by arrows that stand for input or output.



International Journal of Design Sciences and Technology, Volume 23 Number 2 (2019) ISSN 1630-7267 127

In this figure the arrow Course — the sample of this study — is part of the practice stream, and the
arrows Evaluation results and Qualification results can be considered as the knowledge stream.
The activities in the knowledge stream can be considered as reflection-in-action, as introduced in
Section 1. In section 4, Applying the validation approach to the case: Method, the three steps will
be described in detail.

An estimation of the

Evaluation Qualification validity of the set of
results results ' design principles
Evaluating [———®| Qualifyingthe — —— Assessingthe  L——p
the course in implementation of validity of the
: OIS the set of design evaluation and
practice . qualification
< principles results

Brazil beta test |

Figure 2. Activities to validate the set of design principles.

Evaluating the design solution is the first step of the validation approach. According to Swanborn
[22], the evaluation of a design solution is “research consisting of advice about the design,
guidance during implementation and, particularly, evaluation of the effects of an intervention on
society”. More specifically, we propose implementing the design solution and measuring the
learning outcomes by conducting a written survey among the participants.

The results of the evaluation can be used to qualify the implementation of the set of design
principles [28]. This qualification can provide an estimation of the validity of the set of design
principles. Some types of evaluation research are more effective than others. We use Veerman and
Van Yperen [35], who have formulated a ladder that can help determine the effectiveness of
interventions. This ladder is divided into four levels of explanatory power: (i) descriptive, (ii)
theoretical, (iii) indicative, and (iv) causal. To qualify the implementation of the set of design
principles, we compare the coherence in the results of implementing the design solution with the
set of design principles.

For assessing the validity of the evaluation and qualification results, we use the method developed
by Ropes [17] known as plausible rival explanations. This method first identifies plausible rivals
and then explains how these rivals can be disqualified. Yin (2013) explains that “the use of
plausible rival explanations remains an extremely promising but still underdeveloped procedure
for strengthening the validity of case study evaluations”. This means that this approach is useful
for this study. According to other researchers [37, 38] mentioned in Ropes [17], rivals can be
classified as either craft rivals (i.e. null hypothesis, threats to internal and external validity, bias on
the part of the researcher) or real-life rivals (i.e. plausible rival explanations that are related to the
intervention, implementation and theory and to the external circumstances).

Our method thus combines existing methods into an approach for pragmatic validation of a set of
design principles. This unique approach is illustrated with a case on assessing the evaluation
results of a creativity facilitation course (design solution) developed according to a set of
(previously published) design principles.

3. Case to illustrate the validation approach
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The specific case chosen for this study deals with a creativity facilitation course that has been
developed, tested and evaluated. The creativity facilitation course — based on a set of design
principles — can enhance creative and collaborative working during face-to-face design meetings;
often these meetings in the Architecture Engineering and Construction (AEC) sector are not
planned, organized or conducted with adequate knowledge or skills. The set of design principles is
developed to increase the level of knowledge and skills. The set consists of 15 design principles
that can be briefly described as follows [32]: plan a detailed meeting plan, invite a variety of
participants, explain working methods in a simple way, have participants listen to each other, put a
reluctant participant to work, create rhythm in activities, reformulate the question, don’t be afraid
to deviate from your meeting plan, continually change the circumstances, take participants out of
their comfort zone, let the participants do the work, let the hands do the thinking, alternate
between strict and lenient, close the meeting with perspective, choose the working method most
appropriate for your meeting. Some of the design principles were published early on in order to
encourage scholars to experiment with them. The article entitled ‘Experiences with collaborative
design by constructing metaphoric objects’ by Van Gassel [31] described not only the method of
working with design principles but also presented questions for measuring the experiences with
the method.

4. Applying the validation approach to the case: Method

Since the set of design principles is evaluated in practice, in a complex, actual social environment
and not in a laboratory, our evaluation will be conducted at the indicative level [17]. This
indicative evaluation research shows that the formulated goals are reached, the problems are
decreased, the skills are enhanced, and the clients are satisfied. In the remainder of this section, we
follow the three steps of our approach: (1) Evaluating the creativity facilitation course in practice,
(2) Qualifying the implementation of the set of design principles, and (3) Assessing the validity of
evaluation and qualification results.

(1) Evaluating the course in practice

The course is developed in four steps, using the design principles as a basis. The first step was to
derive the learning objectives from the set of design principles. The second step was to compose
the course program based on the derived learning objectives, the sub-aims, and the prerequisites.
The third step was to compose a leaflet to recruit participants. This leaflet gives the title of the
course, an explanation of the use of design principles, etc. The final step was to describe the
learning outcomes. For more details see the study of [32] pages 89-96.

The course has been evaluated by implementing the course program in practice and then
measuring the learning outcomes. We describe here how the sample and the measurements were
chosen.

The sample. The best way to evaluate a creativity facilitation course is to implement the course a
number of times. From 2009 until the spring semester of 2014, the course was given ten times to
99 BAM Group employees. The 56 participants of the first six courses (which took place between
the spring of 2009 and the spring of 2012) were invited by email to complete a questionnaire. It
was also announced during a networking meeting of ex-course participants that the effects of the
course would be measured with a questionnaire. The course participants were then asked via a
telephone call from a research assistant if they would come to an appointment with the researcher
of this study, so that the questionnaire could be completed in his presence. The course participants
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held various positions such as director, manager, supervisor or engineer and worked at one of the
Dutch BAM operating companies. The course also became a part of the program at BAM Business
School [4]. Royal BAM Group is a European construction group that is comprised of operating
companies in five home markets. It is active in construction, mechanical and electrical services,
civil engineering, property management, and public-private partnerships. Employees of the BAM
operating companies were eligible to take part in the course. These six courses were attended by
various professionals from the AEC sector, creating a representative sample to evaluate the
creativity facilitation course, despite the fact that all of the participants are employed by one large
company.

The measurements. To evaluate the course, the learning outcomes must be measured, and the
participants’ characteristics must also be examined in order to gain insight into the sample. The
participants’ characteristics (independent variables) are ‘completed education’, ‘subsidiary
company work’, ‘work experience’ in years, ‘job description’, and ‘date of training’, as indicated
in Table 1.

The learning outcomes (dependent variables) are the following: Regarding skills: ‘knowledge of
creative and collaborative thinking’, ‘creative behaviour’, ‘enhancing creative behaviour’,
‘creative leadership behaviour’, and ‘enhancing creative leadership behaviour’; Regarding attitude:
‘course satisfaction’, ‘facilitating design meetings per month after course’, and ‘working on
learned skills after course’.

According to Kirkpatrick and Kirkpatrick [11], the most important evaluation measurement is that
of the extent of the course members’ change in behaviour; however, they state that it is also
necessary to measure the level of learning because a certain level of learning is required in order to
achieve a change in behaviour. Therefore, in this study, the effect of teaching the ‘knowledge of
creative and collaborative thinking’ has been measured.

The survey was conducted by having the participants answer written questions. The measurements
of the eight independent variables is described in more detail below. The complete survey is
available on the website 4TU.Centre for Research Data [30].

The first dependent variable, ‘knowledge of creative and collaborative thinking’, was measured
with a multiple-choice test containing 16 questions with three possible answers and one open-
ended question. The questions tested whether the participants remembered, understood and were
applying the basic elements the course was supposed to have taught them. These basic elements
are the following: ‘creative and collaborative thinking’ (2 questions), ‘rhythm’ (1 question),
‘techniques’ (5 questions), ‘creative thinking skills’ (3 questions), ‘processing ideas’ (4 questions)
and ‘preparation for a meeting’ (1 question). The design of the test is based on the educational
testing service manual written by Baldwin, Fowles and Livingston [3] and it includes a correction
for the guessing factor. The percentage of questions that would on average be answered correctly
by guessing is 33% * 16 = 5.28. Six points were deducted from each participant’s assessment
score to account for this, so that the assessment scores ranged from 0 to 10. A score of 5.5 could
therefore be regarded as ‘sufficient’. This measurement delivered the average assessment score
related to the variable ‘knowledge of creative and collaborative thinking’.

The second dependent variable, ‘creative behaviour’, aims to determine the level of creative
behaviour of the course participants. Amabile, Conti, Coon, Lazenby and Herron [1] described the
creativity of participating individuals and team members as the “production of novel and useful
ideas in any domain”. Creative behaviour helps the employee contribute to the organization’s
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innovation process. The creative behaviour of the employee can be influenced by the social
environment. Based on this description, a measurement scale for ‘creative behaviour’ was
developed by George and Zhou [8], whereby the questions were answered by the supervisor. This
measurement scale was translated by Noordam [13] into a Dutch language, self-reporting
questionnaire containing 12 items. The statements were adopted verbatim from a study by Van
Sele [34] at Ghent University. An example of a statement is: “In my job I propose new ways of
achieving targets”. The other 11 items can be summarized by the following key phrases: I generate
ideas, I generate technologies, I improve quality, I'm a source of ideas, I promote ideas, I'm
creative, I implement techniques, I have new ideas, I propose new ideas, I have innovative visions,
and I introduce new working methods. Scoring is based on a 5-point Likert scale: 1 = ‘Never’, 2 =
‘Rarely’, 3 = ‘Sometimes’, 4 = ‘Often’ and 5 = ‘Always’. The total score shows the level at which
the people completing the survey assess their behaviour as creative. For the Van Sele [34] study,
the Cronbach’s alpha — an indication of the extent to which the items in a questionnaire measure
the same concept [7] was 0.92 for this set of questions. This measurement delivered the average
assessment score related to ‘creative behaviour’.

The third dependent variable, ‘enhancing creative behaviour’, measured to what extent this
behaviour had been enhanced. Since we were unable to conduct both pre and post-measurements,
Kirkpatrick and Kirkpatrick [11] recommend asking the course participants to what extent
attending the course had actually contributed to a change in his/her behaviour. This change in
creative behaviour was also measured in the survey by asking, for each sub-question, “To what
extent has the training contributed to a change in the mentioned behaviour?” Participants could
choose from the following responses: ‘to a large extent’, ‘to some extent’, ‘no change’ and ‘made
it worse’. This measurement delivered the average assessment score related to ‘creative behaviour’
and ‘enhancing creative behaviour’.

The fourth dependent variable, ‘creative leadership behaviour’, aims to determine to what extent
the course members are behaving creatively. When measuring ‘creative leadership behaviour’,
questions related to leadership were adopted from a self-assessment entrepreneurship test [10].
According to Laevers and Bertrands [12], entrepreneurship is a powerful mix of two well-
developed dispositions: self-directed learning and creativity. According to Geraets [9], in the self-
assessment test, creative leadership consists of the following aspects: (i) Mobilizing and uniting,
(i1) Synthesizing and structuring, (iii) Decision-making, (iv) Sharing and delegating, (v) Having an
overview and re-adjusting, (vi) Coaching and (vii) Responsibility. All seven of these concepts
from the self-assessment test have been formulated as multiple-choice questions and were
converted to measure ‘creative leadership behaviour’. A Cronbach’s alpha is not known for the
above measurement. This measurement delivered the average assessment score related to ‘creative
leadership behaviour’.

The fifth dependent variable, ‘enhancing creative leadership behaviour’, measured to what extent
the participant’s creative behaviour was enhanced as a result of the course. After each item the
course participants were asked to state to what extent attending the course had actually contributed
to a change in the mentioned behaviour, using the following scale: ‘to a large extent’, ‘to some
extent’, ‘no change’ and ‘made it worse’. This measurement delivered the average assessment
score related to ‘enhancing creative leadership behaviour’.

The sixth dependent variable, ‘course satisfaction’, measured to what extent the course
participants were satisfied with the course. Their level of satisfaction was measured using one
question and a 4-point Likert reply scale that ranged from ‘Very dissatisfied’, ‘Dissatisfied’,
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‘Satisfied’ to ‘Very satisfied’. This scale was taken from the info-line publication from the
American Society for Training & Development (ASTD) [6].

The seventh dependent variable, ‘facilitating design meetings per month after course’, measured
how many design meetings the participant had facilitated (or helped to facilitate) after the course.

The eighth dependent variable, ‘working on learned skills after course’, was also measured using a
question with a 4-point Likert reply scale that ranged from ‘Never’, ‘Seldom’, ‘Sometimes’ to
‘Often’. This scale was taken from the work of Taylor-Powell [23].

The final question of the survey was an open-ended question asking for individual comments
about the course.

(2) Qualifying the implementation of the set of design principles

The qualification of the implementation of the set of design principles involves considering the
measurement results of the learning outcomes and demonstrating the coherence between learning
outcomes and the set of design principles. A certain level of coherence is necessary because the
measurements of these learning outcomes have not been directly derived from the design
principles or the learning objectives. The qualification also involves considering the outcome of
the beta test. In this section the methods used to measure the learning outcomes and to demonstrate
the coherence between the learning outcomes and the set of design principles will be clarified and
a report about the beta test will be cited.

Learning outcomes and coherence with the set of design principles. The mean of the following
learning outcomes is considered: ‘knowledge of creative and collaborative thinking’, ‘creative
behaviour’, ‘enhancing creative behaviour’, ‘creative leadership behaviour’, and ‘enhancing
creative leadership behaviour’. Further, the outcomes of ‘course satisfaction’ and ‘working on
learned skills after course’ are depicted. Finally, the value of the variable ‘facilitating design
meetings per month after course’ is mentioned. The coherence between the three learning
outcomes, or the survey questions, with the 15 design principles is demonstrated in Table 6, where
the 15 design principles are depicted horizontally. The following variables are listed vertically:
‘knowledge of creative and collaborative thinking” which is divided into six sub-groups of
questions: ‘collaborative creative thinking’, ‘rhythm’, ‘techniques’, ‘creative thinking skills’,
‘processing ideas’ and ‘preparation’; ‘creative behaviour’; and ‘creative leadership behaviour’.
The coherence can be demonstrated by matching the keywords in the text of the design principles
with the text of the survey in relation to the survey questions. The following algorithm was
developed in EXCEL to find the matches: =IFISNUMBER(FIND(“keyword cell”;
“question/answers cell”));1;0). This type of research tool originates from the methodology used to
find bisociations. This methodology involves the substantive comparison of two texts from
different domains in order to arrive at new knowledge [19]. From the text of the 15 design
principles, 242 keywords were chosen (Mean 16.1, Max 26 and Min 10). The total number of
possible matches is thus 6,050.

Beta test. In 2005, a preliminary version of the design principles was published in scientific
articles in order to invite users to experiment with them and to receive feedback about them.
During vision design sessions, some design principles were applied in a bachelor’s degree course
for Fashion Design at SENAI CETIQT in Rio de Janeiro, Brazil [14, 15]. The lecturers of this
course based their approach on the Handstorm method and the effect measurement was based on
Van Gassel [31]. The introduction program for incoming students at the Potificia Universidade
Catdlica in Rio de Janeiro presents a Handstorm workshop. The Handstorm method is an approach
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used to visualize and share the tacit knowledge and felt experiences of designers during creative
meetings. One of the set of 15 design principles whereon the method is based is ‘Let the hands do
the thinking’.

(3) Assessing the validity of the evaluation and qualification results

The plausible rival explanation method is suitable to further demonstrate the validly of the course
evaluation and subsequently the qualification of the implementation of the set of design principles.
This validity assessment (i) consists of identifying the plausible rivals and (ii) explaining how
these rivals can be disqualified.

5. Applying the validation approach to the case: Results

We applied the validation approach to our case, following the method discussed above. The results
are reported below.

(1) Evaluating the course in practice

The evaluation of the creativity facilitation course has been carried out by implementing the course
and then measuring the learning outcomes.

Implementation. The implementation of the course has been described in the previous section. The
course participants initiated collaborative activities after the first six courses, which potentially
indicates that the skills they learned have reached some degree of internalization. The course
participants organized three networking meetings (January 2011, September 2012, and June 2013)
during which they exchanged experiences with facilitating design meetings by using poster
presentations and by collectively practicing the new techniques. A number of course participants
opened a BAM Portal, through which former course participants could offer their services as
facilitators and from which information about creativity techniques could be obtained. Figure 3
shows some images of the course participants at work during the creativity facilitation courses.

Figure 3. Images of the creativity facilitation courses

Measurements learning outcomes. The 56 participants of the first six courses (which took place
between the spring of 2009 and the spring of 2012) were invited to complete a questionnaire. As
44 of the course participants completed the questionnaire between October 2012 and January
2013, a response rate of 78.6% was achieved. Three course participants could no longer be
contacted because they had started to work for a different employer. The researcher was able to
meet 32 of the course participants. Upon completion of the questionnaire, the researcher provided
explanations, answered questions, asked for further details about comments, and took notes. The
remaining 24 course participants were subsequently invited to complete the questionnaire on their
own and to return it to the researcher. Twelve of those course participants did so. Table 1 shows
the measurement results (absolute frequency (N) and percent per sub-variable) of the independent
variables. The variable ‘completed education’ shows that the course participants were evenly
divided between those with a university education and those with a polytechnic education. Course
participants from BAM Wegen, BAM Civiel and BAM Rail were well represented. The ‘Job
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descriptions’ match with the jobs that were depicted in the methods section. Course participants
from all six of the courses completed the questionnaire; the least represented course still had four
participants who completed the questionnaire. The results of the variable ‘work experience’ are as
follows: mean 18.53 years, standard deviation 7.872 years, maximum 40 and minimum 3 years.
Most of the course participants had a considerable amount of work experience.

Table 1. Measurement results of four independent variables.

Independent variables  Abbr. Sub-variables N Percent
Completed education CE Technical University 14 31.8
University 6 13.6
Polytechnic 22 50.0
Other 2 4.5
Total 44 100
Subsidiary company work ~ CW BAM PPP 8 18.2
BAM Wegen 5 11.4
BAM Civiel il 25.0
BAM Infratechniek 2 4.5
BAM Techniek 1 2.3
Vitaal Zorgvast 4 9.1
BAM Rail 4 9.1
BAM Utiliteitsbouw 1 2.3
BAM Leidingen & Industrie 2 4.5
BAM Infraconsult 5 11.4
Other 1 2.3
Total 44 100
Job description /D Director 7 15.9
Manager 20 45.5
Chief 12 27.3
Engineer 5 11.4
Total 44 100
Date of training DT 2009-1 8 18.2
2010-1 9 20.5
2010-2 7 15.9
2011-1 4 9.1
2011-2 8 18.2
2012-2 8 18.2
Total 44 100

The results of the measurements of the dependent variables have been described by the ‘number of
reactions’, a ‘score’ on a scale (Mean), the ‘standard deviation’ (SD), ‘minimum’ (Min),
‘maximum’ (Max), and the Cronbach’s alpha. These results are depicted in Tables 2-5. Some
remarkable results shown in Table 2 are that CT scored 7.14 on a scale of 1 to 10 and the variables
CB, ECB, CL and ECL scored between 3.008 and 3.541 on a scale of 1 to 4. The Cronbach’s alpha
for CL is low compared to the outcomes of the other variables.
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Table 2. Dependent variables and measurement results.

. - Cronbach’s
Variable Abbr. N Mean SD Min  Max alpha

Knowledge of creative and CT 44 714 1488 10 16
collaborative thinking

Creative behavior CB 41 3.541 0.3667 0.816
Enhancing creative behavior ~ ECB 41 3.008 0.3670 0.839
Creative leadership CL 44 3.231  0.3145 0.384
behavior

Enhancing creative E@[S YA 3.390 0.4217 0.810

leadership behavior

Facilitated design meetings FM 44 0.325 0.022 O 1
per month after course

! Corrected for guessing factor 13.14 - 6 = 7.14

Table 3 shows the scores of seven sub-variables of the variable ‘enhancing creative leadership
behaviour’. These scores are the following: the number (N) of reactions, ‘enhancing creative
leadership behaviour’ on a scale of 1 to 4 (Mean), and the standard deviation (SD) of the mean.
The scores in Table 3 tell us that ‘Overview and readjusting’ and ‘sharing and delegating’ scored
lower than the other sub-behaviours.

Table 3. Enhancing creative leadership behaviour (ECL) per sub-variable.

Sub-variable N Mean SD

Mobilizing and uniting 44 3.64 0.487
Synthesizing and structuring 44 3.07 0.789
Decision-making YA 3.59 0.658
Sharing and delegating 44 2.82 0.896
Overview and readjusting 4Ll 2.43 0.661
Coaching YA 3.30 0.701
Responsibility 44 3.77 0.476

Table 4. This table shows the level of ‘course satisfaction’ of the 44 course participants; thus 23
(52.3%) were ‘satisfied’ and 21 (47.7%) were ‘very satisfied’.

Table 4. Level of course satisfaction.

Level of satisfaction N %

Very dissatisfied ) 0.0
Dissatisfied o 0.0
Satisfied 23 52.3
Very satisfied 21 47.7

Table 5 shows the extent to which the course participants ‘worked on learned skills after training’;
approximately 90% had worked on these skills ‘sometimes’ or ‘often’.



International Journal of Design Sciences and Technology, Volume 23 Number 2 (2019) ISSN 1630-7267 135

Table 5. Further work on skills after training.

Worked on skills after course N %

Never o 0.0
Rarely 4 9.1
Sometimes 26 59.1
Often 14 31.8

The last measurement was an open-ended question that asked participants to give some comments
about the course. Some arbitrarily chosen written comments from the survey are “Practice making
the course participants enthusiastic”, “Creativity techniques are suitable for analytical, policy and
strategic sessions”, “Small group dynamics due to diverse capabilities of the course participants”.
The researcher also noted the following verbal comments: “Got to know and respect participants
during design meetings”, “Also learned social skills”, “I don’t need to be creative, but the group
does”, and “It’s important to give guidance to participants in a meeting”. These comments
illustrate why course participants were (very) satisfied with the course.

(1) Qualifying the implementation of the design principles

Learning outcomes and coherence with the set of design principles. In summary, the learning
outcomes delivered the following scores: ‘knowledge of creative and collaborative thinking’:
mean 7.14, on a scale of 1 to 10, ‘creative behaviour’, ‘enhancing creative behaviour’, ‘creative
leadership behaviour’, and ‘enhancing creative leadership behaviour’: mean 3.008 — 3.541, scale
of 1 to 4. The outcome ‘course satisfaction’ scored 100% (very) satisfied, and ‘working on learned
skills after course’ scored 100% sometimes or often. The mean of the variable ‘facilitating design
meetings per month after course’ is 0.325 times per month. These learning outcomes can be
considered to be good based on the 5-point Likert scale (i.e. poor, fair, average, good and
excellent).

Table 6 demonstrates the coherence between the learning outcomes and the set of design
principles. This table shows that the number of realized matches is 345. In the table, the keywords
were grouped per design principle, so that the number of possible matches was reduced to 375 and
realized matches was 207 (Mean 13.8, Max 24 and Min 7). The design principles matched with the
6 questions on ‘knowledge of creative and collaborative thinking’ 59 of 90 (65.5%), with the 12
questions on ‘creative behaviour’ 51 of 180 (28.3%), and with the 7 questions on ‘creative
leadership behaviour’ 98 of 105 (93.3%). The design principle ‘constantly change conditions’ had
the highest number of matches (36 times) and ‘choosing suitable methods’ had the lowest (7
times). Table 6 shows that the coherence between the descriptions of the survey questions and the
learning outcomes can be qualified as fair based on the 5-point Likert scale (i.e. poor, fair,
average, good and excellent).

Beta test. In the survey conducted after the Fashion Design course in Brazil, the students gave the
course a 3.75 on a scale of one to five (SD 1.28, N = 8), which means the students were satisfied
with the course. Initially there was resistance from the students, but this disappeared during the
practical exercises. The lecturers found that the results achieved by using the design principles
were better than the designs sketched on paper. Pinheiro and Queiroz (2013) concluded that it is
likely three of the stated design principles used in these vision design meetings led to improved
results compared to when these principles were not used. Their article was published in Brazilian
Portuguese but the English translation can be found in Van Gassel [32].
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Table 6. Matching 15 design principles’ keywords with the text of the survey questions.
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(2) Assessing the validity of the evaluation and qualification results

This validity assessment consists of (i) identifying the plausible rivals and (ii) explaining how
these rivals have been disqualified as much as possible. The craft rivals will be discussed first,
followed by the real-life rivals.

The craft rivals. The first type of craft rival is the null hypotheses, which states that the results can
be explained by coincidence. This rival has been disqualified as much as possible by conducting
the field trial six times and by inviting all participants to complete the questionnaire. The scales
used to measure creative (leadership) behaviour have been proven and statistical tests were carried



International Journal of Design Sciences and Technology, Volume 23 Number 2 (2019) ISSN 1630-7267 137

out to determine the Cronbach’s alpha, see Table 2. Only the score for the creative leadership
behaviour measurement was lower than the Cronbach’s alpha standard of 0.7.

The second type of craft rival is threats to the internal validity. There are several craft rivals in this
category; each of these will be successively described hereunder.

To disqualify the rival referred to as ‘history’ — i.e. the effect may be the result of a different event
that took place between the pre- and post-measurements — the course participants were explicitly
asked to what extent the course had contributed to all of the specific items regarding creative
(leadership) behaviour. This additional question also disqualified the rival referred to as ‘natural
development and growth’ — i.e. course participants become smarter, cleverer, more experienced,
etc. between the pre- and post-measurements.

The rival ‘testing’ — i.e. the effect of taking the same test again — has been disqualified by having
the course participants complete the questionnaire only once.

The rival ‘instrumentation’ — i.e. variance of the measurement instruments between the pre- and
the post-measurements — has been disqualified by conducting only one post measurement,
whereby 32 course participants completed the questionnaire in the presence of the researcher and
12 emailed their completed questionnaires. Of the five learning outcomes that were scored, two
differed significantly for the group that responded via email compared to the group that responded
in person. In the presence of the researcher, the course participants scored higher on ‘knowledge of
creative and collaborative thinking’ (CT) (7.47 (N = 32) compared to 6.25 (N = 12)) and scored
higher on ‘enhancing creative leadership behaviour’ (ECL) (3.460 (N = 32) compared to 3.202 (N
=12)).

The rival ‘statistical regression’ — i.e. when groups were selected for their extreme scores, this led
to a distortion of the mean — has been disqualified by comparing the current results to those from
the previous measurement of the ‘creative behaviour’ of 43 BAM employees made by Van
Luijtelaar [33]. The mean score for ‘creative behaviour’ (CB) for these employees was 3.2344 (SD
0.68436) and for the course participants the score after the course was 3.5407 (SD 0.36568). The
performance of a t-test indicated that there was a significant difference between these two groups
(Sig. = 0.012).

The rival ‘distortion through selection’ has been disqualified because all participants of the course
were invited to participate in the survey. There was no selection.

The rival ‘loss of respondents’ has also been mostly disqualified. The response rate of course
participants in completing the questionnaire was 78.6%. A number of participants were not
reachable because they had moved to BAM International or started working for another company.

The third type of a craft rival is threats to the external validity, which has been disqualified by
presenting the results of the survey to some of the course participants. The results have been
endorsed by the course participants.

The last type of craft rival is bias on the part of the researcher. The course was largely designed
by the primary researcher and conducted in collaboration with a professional trainer. This trainer
also conducted the intake interviews so that the course program details could be amended to suit
the existing skills of the course participants. The trainer also provided feedback on the design of
the questionnaire. This collaboration limited any bias on the part of the researcher.
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The real-life rivals. The rival ‘direct or mixed’ — i.e. the assertion that a different intervention is
partly responsible for the result — has been disqualified based on contact with participants after the
course. The researcher was present when 32 of the 44 questionnaires were completed and gained
insight into which other interventions had taken place. For example, the researcher took part in
design meetings organized by former course participants and network meetings in which the
trainers gave additional training. It was found that participating in these meetings boosted the
participant’s motivation to learn during the course.

The ‘implementation rival’ — i.e. the assertion that the implementation method of the intervention
is responsible for the result — has been disqualified because well-established measurements were
used for measuring the creative (leadership) behaviour.

The threat of the ‘rival theory’ — i.e. the choice of the research approach influences the
conclusions relating to the validity — has been minimized because the approach design science
research is the most suitable for this study.

The ‘super rival’ — i.e. the assertion that both the studied intervention and the attained results are
part of a much larger and more powerful process that is responsible for the result — is present; a
number of course participants worked in an environment in which the learned competences could
not be applied or where the manager did not provide any space for such opportunities. As a rule, it
was advised during the course that the skills be used in personal conversations and in self-initiated
progress dialogue.

The ‘social rival’ — i.e. the assertion that a dominant social political or economic situation is
responsible for the result — has been excluded by asking the participants during the survey to what
extent the course had affected their creative (leadership) behaviour.

Summary results. The results of the first sub-topic, Evaluating the creativity facilitation course,
show that the measurements of the learning outcomes can be considered to be good. When
evaluating the course for further research, a pre-measurement of the learning outcomes must be
carried out. In addition, attention must be paid to the survey questions to measure ‘creative
leadership behaviour’ to enhance the Cronbach’s alpha.

The results of the second sub-topic, Qualifying the implementation of the set of design principles,
are the demonstrated coherence and the results of the Brazil course’s beta test. The coherence can
be considered to be fair. By re-composing the survey questions for the variable ‘knowledge of
creative and collaborative thinking’ (CT), the focus must be placed on the knowledge about the set
of design principles. The table also shows that the coherence between the design principles and the
survey question ‘creative leadership’ was higher than the questions about ‘knowledge of creative
and collaborative thinking’, and much higher than the questions about ‘creative behaviour’. The
Brazil beta test showed that it is likely that three of the design principles used in these vision
design meetings led to improved results compared to when these principles were not used.

The third sub-topic, Assessing the validity of the evaluation and qualification results, summed up a
series of activities that could be used to disqualify the rivals. The plausible rival explanations
method has made the rivals visible and has provided insight into the activities that have been
performed to try to disqualify them; however, the use of the method did not lead to perfectly
reliable conclusions but increased the transparency of the research. This transparency is one of the
requirements of a pragmatic validation.
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6. Applying the validation approach to the case: discussing quality of criteria

6.1 Reliability

The researcher has striven to achieve maximum practical relevance and the greatest possible
methodical thoroughness, which is necessary for a design science research approach. The
researcher has chosen to implement the course at a construction firm as part of the existing
educational program in order to achieve the maximum practical relevance. The greatest possible
methodical thoroughness has been achieved by implementing the course six times, by using
existing knowledge, by initiating a beta test, and by evaluating the course on the ‘indicative’ level.

The research was conducted within the researcher’s professional practice. Such commitment leads
to comprehensive research, but it can sometimes also lead to tunnel vision. However, collaborating
with other researchers and publishing results in symposia proceedings between 1990 and 2015
ensured continuous reflection.

6.2 Validity

To wvalidate the set of design principles, a pragmatic approach was chosen because the
interventions, the system of interest, and the desired results were too complex to conduct a causal
research. Implementing a course in practice is complex and causal research requires the researcher
to make concessions regarding practical relevance. Validation requires testing in practice to
determine whether the set of design principles works using evaluation research.

The plausible rival explanations method has been used to enhance the validity of the results. A
rival in this study was the self-rating question, which can be disqualified by further research by
doing a pre-measurement. When designing the research, this method can be useful for identifying
the rivals, without having to make too many concessions regarding the practical relevance.

Data triangulation — the use of different samples, spaces and persons — carried out by initiating a
beta test, has enhanced the generic applicability of the set of design principles. Lecturers of the
bachelor’s degree course for Fashion Design at the Federal University of Juiz de Fora in Brazil
used some of the design principles to plan, organize and conduct a vision design session. The
lecturers evaluated the course with a questionnaire that was created by the researcher of this study
and which was published in conference proceedings [31]. This evaluation indicates that the
students were satisfied with the results of the course. Initially there was resistance from the
students, but this disappeared during the practical exercise. It seems likely that three of the stated
design principles used in vision design meetings led to improved results compared to when these
principles were not used. The lecturers published the results in a scientific article [14]. This beta
test shows that the use of design principles works for the course in Brazil.

Methodological triangulation — the use of two or more research strategies, in this case desk
research, case study, six experiments and survey research — has ensured the greatest possible
methodical thoroughness.

6.3 Generalizability

The set of design principles has been generically formulated so that the set can be a robust basis
for attractive and broad applications for creative and collaborative working. In particular, the set of
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design principles for creative and collaborative working is generic enough to be used for design
courses at a university. As mentioned above, certain design principles were used to develop a
bachelor’s degree course in fashion design at the Federal University of Juiz de Fora.

The design principles have also been used to compose curricula for three courses at the Eindhoven
University of Technology. There is no reason to believe that the set of design principles for
creative and collaborative working is not applicable for other university design courses.

7. Discussion

This paper aimed to answer the following question: How can design principles be validated in a
pragmatic way? A pragmatic validation approach is necessary because design science research can
be so complex that the strategies and objectives of explanatory research are not suitable.
Therefore, Van Aken and Van Fenema [26] state that “the validity of design science research
outcomes is justified on the basis of descriptive and pragmatic validity”.

Based on literature, a pragmatic validation approach has been developed. This approach has been
illustrated with a case assessing the evaluation results of a creativity facilitation course based on
design principles for creative and collaborative working. This research contributes to DSR an
approach to validate a set of design principles in a pragmatic way. It uses a three-step approach,
combining (1) evaluating the design solution as a case in practice, (2) qualifying the
implementation of the set of design principles, and (3) assessing the validity of evaluation and
qualification results. Our pragmatic validation approach ensures methodological thoroughness and
maximizes practical relevance. It uses the evaluation theory of Swanborn, the indicative levels
described by Veerman and Van Yperen, and the plausible rival explanations method developed by
Ropes for assessing the evaluation results.

The pragmatic validation approach has the following limitations. (i) The approach is limited to
design science research, which links practice with research findings according to the research-
design-development cycle depicted in Figure 1. The validation approach has been tested by only
one design solution, namely, a workshop type of course. It would be useful to test the validation
approach on more design solutions, such as a Massive Open Online Course (MOOC). (ii)
Moreover, the best level of evaluation — the level causal — has not been chosen. The indicative
evaluation level was chosen for the course because the course had been implemented only once in
practice. In future research the higher evaluation level causal should be chosen, as there is now
more data available regarding the impact of the interventions on the outcomes. (iii) Furthermore,
the plausible rival explanations method, according to Yin [37], covers a wide range of validity
aspects and makes them visible, but it did not lead to clear, reliable conclusions.

The case application also has some limitations leading to some recommendations for further
research. (i) Course member experiences were measured with a survey. The learning outcomes
were only measured at the end of the six courses. In this study the participants were asked to rate
what they had learned during the course. This form of self-assessment is weaker than taking
measurements before and after training. In future research it might be better to measure the
knowledge and behaviours of participants at the beginning and at the end of each course. (ii) The
usefulness of the set of design principles was determined by measuring the coherence between the
text of the questionnaire and the keywords of the 15 design principles. This coherence can be
considered fair but there are clearly differences between the learning outcomes ‘creative
behaviour’ and ‘creative leadership’ in relation to the design principles. Further research can more
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explicitly test the course participants’ knowledge of the set of design principles as a part of the
evaluation and can increase this coherence. (iii) The design principles have been used to develop a
creativity facilitation course for the AEC sector in the Netherlands. After implementing and
evaluating this course, the design principles were validated. The design principles were also used
to develop a course at a university in Brazil. Further research should validate a set of design
principles for other sectors, such as the ICT sector, healthcare, and government.

8. Conclusions

The DSR approach delivers, with help of the research-design-development cycle, a method to
validate a set of design principles in a pragmatic way. The approach consists the following three
steps: (1) Evaluating the design solution as a case in practice, (2) Qualifying the implementation of
the set of design principles, and (3) Assessing the validity of evaluation and qualification results.

The study leads to the following contributions: (1) A creativity facilitation course — based on a set
design of principles — as a solution to a field problem. (2) A survey to measure the learning
outcomes of a creativity facilitation course. The method of measuring the variable ‘knowledge of
creative and collaborative thinking’ has been devised by the researcher. The scale of ‘creative
leadership behaviour’ is a modification of a scale from the literature. (3) A plausible rival
explanations method, based on Yin [37], to analyse the data and enhance the validity and
reliability of evaluation results. The procedure consists of identifying the plausible rivals and then
explaining how these rivals can be disqualified. The method covers a wide range of validity
aspects and makes them visible, but it did not lead to excellent, reliable conclusions. The method
will be more valuable when used during the design of the practice-based research.
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