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Abstract: The “power of the crowd” has been repeatedly demonstrated and various Internet platforms
have been used to applied collaborative intelligence to areas that range from open innovation to
conceptual design. However, crowdsourcing applications in the fields of design research and creative
innovation have been much slower to emerge. In this paper, the statistical analysis methods (i.e.,
normal probability plots) were used to validate the crowdsourced design evaluation results in the
authors’ previous crowdsourced design case study (i.e., car key fob design task). The discussion about
the ranking distributions and results suggested that standard distribution trendlines and r? results
proved the effects of the ranking evaluation method used in the case study. The distribution
determined that the evaluation process and results matched a normal distribution. As the contribution
to knowledge, this paper applied the statistical analysis method to measure and approve the
crowdsourced design evaluation method and its results.
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1. Introduction

In the information age, design can be a product not only of individuals but may also result from the
combined efforts of many people. Although such collaborative design systems are well documented in
the literature for design activities carried out by, say teams of professional engineers and architects
(Whitfield et al., 2002) less is known about the potential of distributed, anonymous, crowd-based
collaboration in creative tasks. When crowdsourcing was defined and applied, this internet tool has
become an effective tool in various research areas including, such as, linguistic study (Zaidan and
Callison-burch, 2011), scientific research study (Buecheler et al., 2010), open innovation (Paulini,
Murty and Maher, 2011) and of course collaborative design (Yu, Nickerson and Sakamoto,
2012)(Nickerson, Sakamoto and Yu, no date). Based on the reported research of crowdsourced design,
it can be found that the fundamental crowdsourced design framework has been built (Hao Wu, Corney
and Grant, 2015). By using crowdsourcing as an effective tool all through design stages, and the
methods for example, the Human-based Genetic Algorithms (HBGA) (Yu and Nickerson, 2011)(Hao;
Wu, Corney and Grant, 2015) for creating designs, or Crowdsourced Design Evaluation Criteria



(cDEC) for design evaluation process, the quality of final design outputs can be improved (the quality
of design means the best designs selected from the crowd).

In this paper, the statistical analysis methods (i.e., Normal Probability Plot®) are used to investigate the
statistical meaning of design measurement methods in the authors’ reported case studies applied the
Crowdsourced Design (cDesign) Framework (i.e., the car key fob design task (Wu and Corney,
2017)). Although the cDesign framework has been systematically applied in different origins of design
tasks, the statistical meaning of this design evaluation process has not been determined. In this section,
the authors give a brief introduction of crowdsourcing, crowdsourced design and the statistical
analysis.

1.1. Crowdsourcing

In 2006, “crowdsourcing” was defined by Jeff Howe as “the act of a company or institution taking a
function once performed by employees and outsourcing it to an undefined (and generally large)
network of people in the form of an open call”’(Howe, 2006). This new type of “crowd” is made up by
anonymous groups (Yochai Benkler, 2006)(Howe, 2006). Crowdsourcing groups include online
product communities (Brabham, 2009)(Jeppesen and Frederiksen, 2006)(Kozinets, Hemetsberger and
Schau, 2008), virtual communities of special interests (Hogue, 2011), the general public (Chilton,
2009)(Haklay and Weber, 2008), and employees who typically would not participant in the tasks to be
completed (Stewart, Huerta and Sader, 2009).

1.2. Crowdsourced Design

Then since 2006, the Human-based Genetic Algorithms (HBGA) has emerged as the principle way to
support design using crowds (Yu and Nickerson, 2011)(Yu, Nickerson and Sakamoto, 2012)(Yu,
2011). HBGA requires designs to be combinable (i.e., merge distinct features) and also evaluable. In
HBGA process, the heart is usually the combination of the best features from the ‘parents’. In contrast
to the established processes academic research into crowdsourced design has investigated the power of
iteration, competition, reward and combination processes (Wu, Corney, & Grant, 2014b; Lixiu Yu &
Nickerson, 2011), and the systematic framework (i.e., a design methodology) called cDesign
(Crowdsourced Design) has been reported (Wu, Corney, & Grant, 2015).

1.3. Statistical Analysis

In tradition, statistical analysis (the distribution of creativity in the population) has been discussed by
Sternberg and Grigorenko (Sternberg and Grigorenko, 2003) as follows:

“Francis Galton (1986) first established that human abilities tend to be distributed in the population
according to the ‘normal’ or ‘bell-shaped’ curve. His demonstration was based partly on data — the fit
of the normal curve to performance on examinations — and partly on analogy to the distribution of
physical traits, such as height and weight. Since Galton, the normal distribution has become almost an
article of dogma, firmly ingrained in the statistics psychologists use and in their conception of
individual differences, including intelligence (Burt, 1963). Moreover, it is clear that this faith is not
unfounded, for the bell curve provides a reasonable approximation to most empirically observed
distributions. Not surprisingly, creativity has often been perceived after the same fashion (Nicholls,
1972). Presumably, most human beings exhibit average levels of the capacity, the frequencies tapering
off in either direction, with creative genius being about as rare as those who are virtually incapable of
producing a creative idea.”

! The normal probability plotis a graphical technique to identify substantive departures from normality. This includes
identifying outliers, skewness, kurtosis, a need for transformations, and mixtures. Normal probability plots are made of raw
data, residuals from model fits, and estimated parameters. More is shown in Wiki (1/2020):
https://en.wikipedia.org/wiki/Normal_probability_plot



Then the exceptional individual who dominate some creative industries was discussed. However, since
the crowd is drawn from the general population this argument for a skewed distribution are not
relevant.

Although crowds can design (Yu and Nickerson, 2011)(Yu and Sakamoto, 2011)(Nickerson,
Sakamoto and Yu, 2011) and of course can evaluate designs (Bao, Sakamoto and Nickerson,
2011)(Herr et al., 2011), and even a cDEC method has been approved and reported that can be applied
in the crowdsourced design process, the validation, or saying the measurement of this evaluation
process itself has not been determined. Ultimately the results of a crowdsourced design methodology
are critically dependent on the effectiveness of the evaluation process. Without an effective evaluation
process the best designs cannot be reliably identified from the hundreds generated and consequently
competition or HBGA approaches would perform poorly. The rest of this paper investigates the proper
statistical analysis with the aim of assessing the effectiveness of an evaluation process.

So based on the above introductions, the hypothesis of the results is: the traditional statistical methods
can be applied to validate the reported research for the evaluation process in the cDesign framework.
The following sections of this paper are as follows: in the next section (section 2), to understand the
evaluation process of previous design experiments, it will be briefly described as two subsections:
cDesign Framework and three case studies applying this framework. Then an introduction of the
related existed statistical analysis methods is described in section 3, which is followed by the exact
process of statistical analysing in the design task (i.e., car key fob design task), statistical analysis
results and the discussion (section 4). Finally, this paper is ended with the conclusion section showing
the summary of all findings in the paper, the limitation of this research and the suggested work in the
future.

2. Previous Research on cDesign

2.1. Crowdsourced Design (cDesign) Fundamental Framework

The cDesign framework is briefly described in this section. In Figure 1, it is clearly illustrated that the
cDesign Framework consists of four main stages: Specification, Prototype, Execution and Evaluation.
The framework is used in this paper to establish the context of the authors’ investigations (rather than
being, say, a provable optimum model for crowdsourced design).
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Figure 1. The cDesign Framework

2.2. Design Case Study (Evaluation Process) — Car Key Fob Design Case Study

The car key fob design experiment on mTurk has been reported (Wu and Corney, 2017). This design
experiment applied the authors’ cDesign Framework, and used the HBGA crowdsourced design
method to systematically improve the design quality. Specially, the free-hand sketch design method is
firstly in the cDesign framework based design process. Differently from other experiment used
cDesign framework (Wu, Corney and Grant, 2014b)(Hao Wu, Corney and Grant, 2015)(Wu, Corney



and Grant, 2014a), in this crowdsourced design task, because a free-hand sketch method was used to
generate designs. The first step for participants of uploading their submission was to transfer their
work into digital format (i.e., photo of sketch, scanned copy of sketch, etc.), then submitted them to
participants.

In total, four generations of drawings were created by the crowd and evaluated. During the design
creation stage, the best features from each pair of drawings were combined by the human workers to
generate the new drawings. The process of evaluation and combination repeated to generate better
quality of designs. The final evaluation shows that in this car key fob design task, the process resulted
in improved conceptual design quality by a comparison between the last generation designs and the
first generation designs. The results have not only demonstrated that the free-hand sketch method can
be effectively used in a multi-stage (i.e., iterative) crowdsourcing process but have also provided a
benchmark for the numbers of participants required to successfully carry-out a design task in this
way. While many more trails will be required to establish if there is a general relationship exists
between 'crowd size' and 'degree of design improvement’, these results at least provide a first data
point. Figure 2 shows some examples of the car key fob drawings in collected from design task.
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Figure 2. Examples of the drawings from the car key fob design task

3. Statistical Analysis Methods

To carry out the statistical analysis of the evaluation process and results from the case studies, the
following statistical tools will be considered:

Frequency Distribution

There is academic evidence that design performance like many other human activities is normally
distributed over the population (Runco, 2004). For example, figure 3 (left) illustrates a normal
distribution, and figure 3 (middle) shows a random distribution in which the evaluation does not
distinguish a standard performance.

Trendline Chart/Normal Probability Plot

The trendline chart is used to depict trends in the existing data or forecasts of future data. Figure 3
(fight) is an example of the trendline chart. In this chart, it can be observed that the trendline shows a
normal distribution for the average ranking results, because r? = 0.9699 which is very close to 1.
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Figure 3. A normal distribution showing the design quality and the frequency (left), Evaluation does
not distinguish a standard performance (middle), Trendline for the average ranking results (right)



Inverse Normal Distribution

Inverse normal distribution establishes a normal distribution can be used in reverse to answer guestion
such as:

If the quality of designs is normally distributed with an average of u and a standard deviation of o,
calculate the number of designs required to produce a, say, 80% probability that the results include
designs ranked in the top, say, 10%.

4. Discussions on the Statistical Analysis Results of the Case Study

Figure 4 shows the process of the analysis.

In car key fob design task, when participants evaluated designs, it was required that all designs should
be evaluated by marks: from 1 (the worst) to 100 (the best). However, because different people have
different standards of judgements, the ranking of designs in individual groups was used to provide a
relative ranking of design quality. In this section, the trendlines showing the distributions of these
rankings will be described, and their significance discussed.

Table 1 shows the raw average data for all designs in the car key fob design tasks. Clearly illustrated
in Figure 5 (left), (En-m in the figure means: the evaluation ranks for No.m design which is in the nth
generation) in terms of the normal distribution plots, all ranking results from the 1st generation shows
that the distribution is standard (in total, there were 17 groups of designs in the 1st generation). The r?
information are shown in Table 2. It can be found that only two groups’ r? are less than 0.9 (group 7
and 8). As for the 2nd, 3rd and 4th generation evaluation ranking data, the normal distribution plots
are shown in Figure 5 (right), and their r? are illustrated in Table 3. From the trendlines and r?, it can
be found that the distributions of the rank data are standard (only E2-2’s r? = 0.8736 < 0.9).
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Figure 4. Statistical Analysis General Process

5. Conclusion, Limitation and Future work

In this paper, the distribution of the evaluation ranking results was investigated. The discussions about
the ranking distributions and results suggested that in the freehand sketch car key fob design task,
standard distribution trendlines and r? results proved the effects of the ranking evaluation. The
distributions determined that the evaluation process and results matched a normal distribution.
However, as for the design experiment, it has been reported that the design case study has limitations
(Wu and Corney, 2017). For example, although the experiments validate the effectiveness of cDesign
Framework for concept sketches, it is still unknown that how a crowdsourced design process
(structured by the cDesign Framework) will perform in a real product design projects. So in the future,
to optimise the cDesign model, and to investigate new applications of crowdsourcing in design
domain, for one thing, the cDesign framework should be applied in the real design projects (i.e.,
product design project) to validate its practicability; for another, new forms of crowdsourced design
tools (i.e., mobile design tools) are required in this Internet and intelligence age. Finally, by collecting
these new data and analyse the data statistically, is can be assumed that to receive the required quality
of designs, the size of the crowd, the number of design samples or the time of collecting designs will
be predictable.



Table 1. Average ranking data for each generation in car key fob design task

E4-1l | E42 | E43 | E3-1 | E32 | E33 | E2-1 | E22 | E2-3 | El-1
1] 1625 | 15 |2625| 35 | 1875 15 2.625 25 | 175 | 2.375
2| 25 | 25 | 375 5 4 |3375| 3125 | 3375 3375 | 3.875
3 | 425 | 4375 | 45 | 525 | 4625 | 3.875 35 425 | 3875 | 45
4 | 5125 | 5125 | 4.625 | 5.375 | 4.625 | 4.375 5 5875 | 45 | 4.875
5 | 525 | 625 | 4625 | 5625 | 5 | 5375 | 5.125 6 | 4875 | 5625
6 | 55 | 65 6 575 | 5375 | 5875 | 5.625 | 6.125 | 5.125 | 5.75
7 | 575 | 6625 | 6.25 | 5875 | 5375 | 6.625 | 6.25 6.25 | 6.625 | 6.125
8 | 75 | 675 | 7125 | 6125 | 7 |6.875| 6375 | 6375 7 6.5
9| 85 | 7625 75 | 65 8 8 7.75 65 | 8.375 | 6.875
10| 875 | 825 | 8125 | 675 | 875 | 8.875 9 75 | 9375 | 9.375

E1-2 | E1-3 | E1-4 | E1-5 | E1-6 | E1-7 | E1-8 | EL-9 | E1-10 | E1-11
1 | 3375 3125 [ 2625 | 225 | 25 | 275 | 1625 | 1125 | 225 | 25
2 | 375 | 425 | 3 275 | 3.75 | 4.625 25 425 | 225 | 2.875
3| 45 | 45 | 425 [ 2875 | 425 | 475 | 475 | 4375 | 35 | 3.75
4 | 4625 | 475 | 4375 | 4875 | 475 | 4.875 55 45 | 4875 | 45
5| 475 | 55 | 475 5 55 5 6.125 | 475 | 575 | 5.125
6 | 525 | 575 | 5125 | 575 | 575 | 55 6.125 | 525 | 625 | 5.75
7| 55 | 5875|6375 6 | 6125 55 6.25 7.25 | 6.375 | 7.375
8 | 6125 | 6.75 | 7.875 | 7.125 | 6.375 | 6.125 | 6.875 | 7.375 | 75 | 7.375
9 | 775 | 7.75 | 8125 | 8875 | 75 | 6.25 7 75 | 7.625 | 7.625
10| 925 | 775 | 875 | 9125 | 85 | 9.25 8 8.375 | 8.375 | 8.375

E1-12 | E1-13 | E1-14 | E1-15 | E1-16 | E1-17 | z-Score
1| 225 [ 3375 | 2875 | 2 | 3375 | 2.375 | -1.64485
2 | 325 | 3375 | 325 | 2.625 | 4.375 | 2.875 | -1.03643
3| 4 |3625| 375 | 3625 | 4.375 | 3.875 | -0.67449
4 | 475 | 4125 | 475 | 4625 | 4625 | 4 | -0.38532
5 | 5.125 | 5375 | 4875 | 4625 | 525 | 5625 | -0.12566
6 | 55 | 5625|5625 | 6.125 | 5625 | 6 | 0.125661
7] 6 [6125 5625 7 6 | 6.625 | 038532
8 | 6375 | 7375 | 6.75 | 7.375 | 6.375 | 6.75 | 0.67449
9 | 775 | 8125 | 7.75 | 8.375 | 7.625 | 6.875 | 1.036433
10 | 975 | 8375 | 9.25 | 9.375 | 7.875 | 9.625 | 1.644854

Table 2. R2 information of the 1st generation evaluation ranks
N%r;‘g‘;r E1-l | E1-2 | E1-3 | El14 | E15 | E1-6 | E1-7 | E18 | EL9
R2 0.9606 | 0.9031 | 0.966 | 0.9435 | 0.9481 | 0.9926 | 0.8578 | 0.8912 | 0.9108
N%rn';‘gzr E1-10 | E1-11 | E1-12 | E1-13 | E1-14 | E1-15 | E1-16 | E1-17
R2 09378 | 0.944 | 0.9740 | 0.9212 | 0.9609 | 0.9762 | 0.9624 | 0.9494




Table 3. R2 information of the 2nd, 3rd and 4th generation evaluation ranks

Group
Number

R? 0.9716 | 0.8736 | 0.9813 | 0.9051 | 0.9484 | 0.9899 | 0.9578 | 0.9202 | 0.9687

E2-1 E2-2 E2-3 E3-1 E3-2 E3-3 E4-1 E4-2 E4-3

Figure 5. Figure caption The normal probability plots, trendlines and r2 information of the average
ranking results in car key fob design task (1st generation) (left), The normal probability plots,
trendlines and r2 information of the average ranking results in car key fob design task (2nd generation)

(right)
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