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Abstract 

The paper investigates the question of screening ideas in the ‘fuzzy front end’ of 
engineering design, examining the validity of employee voting schemes and related 
biases. After an employee-driven innovation project at {Company Name removed for review}, 
99 ideas were to be screened for further development. Based on the concept of ‘wisdom of 
the crowds’, all ideas were individually rated by a broad selection of employees, and their 
choices of ideas and idea categories compared to those of a small team of senior marketers. 
The study also tested for two biases: visual complexity and endowment effect/ownership 
of ideas. The study shows that the crowd wisdom of employees significantly correlates 
with the preferences of the marketing team: overall, in top 12 selected ideas and in choice 
of idea categories. This match increases when including only the ratings of the most 
experienced employees. The experienced employees also proved to be less affected by 
visual complexity in the ideas presented. The endowment effect was potent in that every 
employee proved to be more likely to select their own ideas over others, but this effect 
disappeared when aggregating across the crowd of employees.  
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Idea screening in engineering design using employee-driven wisdom of 
the crowds  

 
 

By Balder Onarheim & Bo T. Christensen, CBS 
 

 
 
 
 

1. Introduction 
Idea evaluation and -selection, particularly during the early stages of engineering design, 
is notoriously fraught with uncertainty. While the idea generation process in innovation 
has been examined in quite some research, the early evaluation process (how are ideas to 
be evaluated, who is evaluating and by which criteria) has not been the subject of much 
research, even though it represents an important element in the ‘fuzzy front end’ of new 
product development Fehler! Verweisquelle konnte nicht gefunden werden.. A pool of new 
ideas is alone an insufficient condition for innovation, as the importance lies equally in the 
recognition and selection of the best ideas Fehler! Verweisquelle konnte nicht gefunden 
werden.. Having a number of good ideas generated does not matter if they are not picked 
out for progression to later product development stages. Such selection is therefore a 
major challenge in the fuzzy front end of new product development Fehler! Verweisquelle 
konnte nicht gefunden werden.. This early selection process is a critical, difficult and 
complex task Fehler! Verweisquelle konnte nicht gefunden werden.. Particularly when, as is 
frequently the case, multiple ideas have been generated and company resources only 
permit very few of these to be turned into actual company projects. How are we to select 
the right ideas for progression? Typical solutions involve a selected few executives making 
the decision, or a small panel basing their evaluation on inflexible criteria, such as what 
Cooper describes as ‘must have’ and ‘should have’ Fehler! Verweisquelle konnte nicht 
gefunden werden., Fehler! Verweisquelle konnte nicht gefunden werden.. Most theories of 
idea screening have focused on evaluations taking place at gates later in the innovation 
process, when initial ideas or projects have already been started [e.g. Fehler! Verweisquelle 
konnte nicht gefunden werden.. Such stage-gate model theories tend to focus on the criteria 
to apply in order to ensure that projects do not turn into runaway projects, in the sense 
that once started, there is a tendency to keep them alive and running much too long, at 
additional costs. Additionally, portfolio management of the range of ideas that should 
enter into R&D projects has been examined Fehler! Verweisquelle konnte nicht gefunden 
werden.. An overview of previous research investigating methods for filtering and 
evaluation of new product ideas can be found in Fehler! Verweisquelle konnte nicht 
gefunden werden..  
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As an alternative approach to the use of expert teams to select the best ideas, this study is 
investigating the use of the wisdom of the crowds (WotC) in the fuzzy front end, by 
asking multiple employees to vote for the best ideas after a company wide brainstorm. As 
pointed out by Fehler! Verweisquelle konnte nicht gefunden werden.: “it seems obvious that 
companies should use the knowledge possessed by their employees during this fuzzy front end of 
new product development, but few organizations do so”. Such distribution of decisions is in line 
with concepts like employee-driven innovation (EDI) Fehler! Verweisquelle konnte nicht 
gefunden werden., Fehler! Verweisquelle konnte nicht gefunden werden., idea sourcing 
Fehler! Verweisquelle konnte nicht gefunden werden. and idea markets Fehler! 
Verweisquelle konnte nicht gefunden werden., building on the idea of WotC Fehler! 
Verweisquelle konnte nicht gefunden werden.. To date, not much research has actually 
examined the validity of such distributed voting schemes for selecting ideas. Furthermore, 
it seems relevant to suggest that voting by ‘lay’ people, or a broad selection of employees, 
might be fraught with potential biases. 

1.1.  Selecting the right idea 
In addition to the above-mentioned challenges with selecting ideas in the fuzzy front end, 
idea selection in general is considered a notoriously difficult process. Not only do many 
companies lack a coherent or formal process for selecting ideas Fehler! Verweisquelle 
konnte nicht gefunden werden., studies show that people perform very poorly at selecting 
their own most creative ideas as well Fehler! Verweisquelle konnte nicht gefunden werden., 
Fehler! Verweisquelle konnte nicht gefunden werden.. Reitzschel et al. even found Fehler! 
Verweisquelle konnte nicht gefunden werden. that the ideas selected for their creativity in 
some cases was no better than randomly sampling the pool of generated ideas! Clear 
criteria for selection has been pointed out by some scholars as an important step towards 
improvement of the quality of selected ideas Fehler! Verweisquelle konnte nicht gefunden 
werden. Fehler! Verweisquelle konnte nicht gefunden werden., but in a complex real life 
context finding the right criteria might be as challenging as selecting the best ideas. The 
lack of relevant and reliable data when screening product ideas Fehler! Verweisquelle 
konnte nicht gefunden werden. makes it challenging to know what criteria to focus on, and 
the consequences of choosing the wrong criteria can of course be fatal. Thus it is no 
surprise that even a large proportion of best practice companies acknowledge that they 
have problems with the issue of establishing clear criteria for product development 
processes Fehler! Verweisquelle konnte nicht gefunden werden.. 
An alternative to establishing distinct and clear criteria in creative judgment is to rely on 
holistic judgments of products without explicating the dimensions to be rated. The 
Consensual Assessment Technique is one such approach Fehler! Verweisquelle konnte 
nicht gefunden werden.. In this approach, a number of independent ideas/products are 
evaluated for their level of creativity by independent and appropriate judges. In the 
consensual assessment technique, reliability is assumed to basically correspond to 
construct validity Fehler! Verweisquelle konnte nicht gefunden werden.. Research has 
repeatedly shown that it is possible to reliably estimate the level of creativity in products 
in such an experimental framework Fehler! Verweisquelle konnte nicht gefunden werden.. 
The consensual assessment technique has later been extended to also being able to handle 
ideas generated in nonparallel (i.e., non experimental) settings Fehler! Verweisquelle 



 

5-20 Creative Encounters Working Paper # 56 

 

konnte nicht gefunden werden.. While ‘appropriate’ judges originally entailed ‘experts’, it 
has been shown that in some cases less experienced raters are also able to provide reliable 
estimates of creativity Fehler! Verweisquelle konnte nicht gefunden werden., although see 
Fehler! Verweisquelle konnte nicht gefunden werden. for results indicating low reliability in 
novice judges. We wanted to extend these findings to real-world decisions in engineering 
design concerning the picking of promising ideas to be made into projects (rather than the 
more restricted question of evaluating the level of creativity in the product). Is it possible 
to utilize a crowd of more or less randomly picked employees as a valid source of ideas 
selection? Furthermore, we wanted to check whether employees who participated in EDI 
workshops (i.e., who had gained some knowledge of the innovation challenge through 
their own solution attempts during the workshops) could serve as ‘appropriate’ judges, 
despite their varying degrees of background experience. Finally, we wanted to add 
ecological validity to the research design, by utilizing real-world engineering design 
problems and ideas from a large international company working in medical plastics. 

1.2. Wisdom of the crowds 
The WotC hypothesis predict that the independent judgement of a crowd of individuals 
(as measured by some form of central tendency) will be relatively accurate, even when 
most of the individuals in the crowd are ignorant or error prone Fehler! Verweisquelle 
konnte nicht gefunden werden., Fehler! Verweisquelle konnte nicht gefunden werden.. For 
example, Francis Galton Fehler! Verweisquelle konnte nicht gefunden werden. famously 
reported that in a regional fair competition asking people to estimate the weight of an ox, 
the average estimate was just one pound short of the true weight of the ox. The WotC 
hypothesis implies that majority rule or average opinions will frequently outperform, as 
well as be more accurate in an absolute sense, decisions made by single judges, by experts 
or in group decisions. The hypothesis is derived from mathematical principles, in that a 
crowd’s judgment comprises signal-plus-noise, and averaging across judgments will then 
cancel out the noise while extracting the signal Fehler! Verweisquelle konnte nicht gefunden 
werden., Fehler! Verweisquelle konnte nicht gefunden werden.. The conditions for 
occurrence of the WotC are that 1) the crowd is knowledgeable, and 2) individual errors in 
judgment must not be systematic at the sample level. Systematic errors in judgment can 
for example occur with restricted diversity on the judging sample or lack of independence 
amongst the judges.  
It’s important to try to determine whether some form of bias may be leading the crowd to 
make erroneous or poor decision. In the present paper we examine the potential impact on 
the WotC by two sources of bias, as well as two ways to overcome them: visual complexity 
and endowment effects. 

1.3. Visual complexity in the information provided 
Some evidence from the creativity literature suggests that visual complexity may lead 
people to assume that the outcome is creative. Factor analysis has found that complexity 
loads on the same factor as originality and creativity Fehler! Verweisquelle konnte nicht 
gefunden werden., Fehler! Verweisquelle konnte nicht gefunden werden., and recent research 
has shown how increasing complexity or lowering visual fluency lead to higher ratings of 
creativity Fehler! Verweisquelle konnte nicht gefunden werden. or product innovativeness 
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Fehler! Verweisquelle konnte nicht gefunden werden.. As such, it is possible that individuals 
are using visual complexity as a heuristic for estimating product creativity and 
innovativeness – an important, and arguably the most important – criteria when 
estimating which ideas should be allowed to progress though gates in a product 
development process.  
 
H1: High visual complexity in the presentation of the individual idea leads to more selections of that 
idea for further development. 
 
The use of such visual complexity heuristics for estimating product creativity or 
innovativeness may however be moderated by the level of experience of the judges. 
Experienced judges should be able to rely on more sources of knowledge of the market, of 
existing production methods, of the needs of the customer, of patented solutions, and of 
competing and existing products on the market; and should thus not have to rely on 
simply heuristics like the link between visual complexity and creativity. Experts and 
novices often disagree systematically in their selections of product ideas Fehler! 
Verweisquelle konnte nicht gefunden werden., and results from forecasting studies stress 
that using several experts instead of one leads to better results Fehler! Verweisquelle 
konnte nicht gefunden werden.. In addition, Cooper Fehler! Verweisquelle konnte nicht 
gefunden werden. has argued for the need for experienced judges in product evaluation in 
product development gates. Therefore… 
 
H2: Experienced raters should not rely on visual complexity heuristics to the same degree as 
inexperienced raters.  

1.4. Endowment / ownership effects 
When ideas have been generated, it has been shown that the creators or contributors to the 
idea generation lead them to hold their own ideas in higher esteem compared to other 
ideas. In behavioral economics, this has been labeled the endowment effect, whereupon it 
has been shown that investing time and energy in developing solutions leads you to 
appreciate that solution more, and owning an object/solution leads to increased feelings 
of loss when having to let it go [e.g. Fehler! Verweisquelle konnte nicht gefunden werden.. 
Cooper Fehler! Verweisquelle konnte nicht gefunden werden. describes this as a problem in 
idea selection, in that it makes up a potential bias in screening ideas, thus prohibiting 
objective evaluations, and calls for the ‘drowning of your puppies’ in idea selection. 
Almost 50% of best practice companies in product development processes acknowledge 
that they have problems with the issue of establishing clear criteria, and drowning their 
puppies Fehler! Verweisquelle konnte nicht gefunden werden.. As such, the relation 
between who generated the ideas, and who is to make the evaluation of which ideas 
should progress, is important to consider. 
 
H3: Ownership of an idea leads to a higher rate of selection of that idea by individual raters. 
 
There are different ways of trying to counter this well-known bias. Cooper et al. Fehler! 
Verweisquelle konnte nicht gefunden werden. argued that it could be countered through the 



 

7-20 Creative Encounters Working Paper # 56 

 

setup of clear selection criteria (‘must have’, ‘should have’) to be implemented rigorously 
at the gates. However, such clear and rigorous criteria are both hard to formulate 
unambiguously (which is why so many companies have a problem with implementing 
them), and further it is extremely difficult to find objective ways to weight these criteria 
against each other in the selection process Fehler! Verweisquelle konnte nicht gefunden 
werden.. An alternative way may be the use of WotC, by asking employees or other groups 
for holistic measures of overall promise for advancement in product development, for 
example by voting or ranking the ideas. In a WotC setup, the individual endowment 
effects should be cancelled out in the process, as long as there are no systematic 
endowment effects across the sample of raters. Systematic endowment effects across the 
sample of raters could, for example, occur if a large proportion of the raters were involved 
in the generation of a subset of the ideas while others were generated by single 
individuals; or if the sample of raters represented a skewed proportion of the sample of 
generators (e.g., 11 groups of participants helped generate the ideas, but only 5 of these 
groups contributed to their evaluation). Thus… 
 
H4: The ownership bias should disappear in utilizing wisdom of the crowd, as long as the raters 
represent a random and unbiased sample of the subjects who generated the ideas.  
 
In order to estimate whether these biases could be countered, we compared the employees 
rating against the choices of a team of senior marketeers. Unlike other types of prediction 
markets, idea evaluation suffers from the fact that the ideas not chosen for progression 
cannot be evaluated post-hoc (i.e., they drop out and are not developed further). 
Therefore, no objective measure exists to estimate the external validity of the selections of 
the crowd to what might have been Fehler! Verweisquelle konnte nicht gefunden werden.. 
Previous research estimating the validity of idea selection have utilized the same type of 
‘expert team’ measure against which the wisdom of the crowds could be measured, and 
have generally found somewhat low levels of validity ranging in the .10 to .47 Fehler! 
Verweisquelle konnte nicht gefunden werden., Fehler! Verweisquelle konnte nicht gefunden 
werden..  

2. Methods 
The present research attempted to provide a first examination of biases and validity of 
employee voting behavior in company idea selection.  
The research design was a real-world field study conducted in a major international 
company dealing in disposable medical equipment. The base for the study was a 
comprehensive 8-week EDI project at the company. In the project, 93 employees from 11 
departments were involved in a total of 11 workshops, generating a pool of 99 distinct 
ideas described in writing and drawings and sorted in 26 different categories. As pointed 
out by Fehler! Verweisquelle konnte nicht gefunden werden., such a large number of 
contributors with diverse skills can enhance the chances of finding a truly innovative idea. 
For a comprehensive description of the generation of the process, the expert selection and 
the rationale behind the lay out, see Fehler! Verweisquelle konnte nicht gefunden werden..  
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2.1. Materials 
Based on the output from the EDI process the 99 unique product ideas generated were 
each described briefly in text, and the benefits to the company and to the end users were 
listed in bullet point fashion. Furthermore, the drawings were redrawn by a professional 
designer, resulting in a catalogue presenting all 99 ideas in a standardized manner. Each 
idea was presented on a horizontally oriented A4 page, one half of the page with a short 
description of the idea in text, including a list of “Customer benefits” and “{Company 
Name} benefits”; and the other half with drawing(s) and/or graphical figures.  

2.2. Measure of complexity 
Each idea was rated by an independent researcher unaware of the hypotheses of this 
article for visual, textual and benefit complexity. Visual complexity was counted as the 
number of separate drawings made to visualize the individual idea. Textual complexity 
measured the LIX value of the text describing the idea (calculated as (O/P + L*100/O), 
where O is the number of words in the text, P is the number of full stops, and L is the 
number of long words, i.e. with more than 6 letters). Benefit complexity was calculated 
simply as the number of bullet points describing the benefits of the idea for the company 
and the users. 

2.3. Product evaluation 
Two groups of company employees independently evaluated each idea. As part of the EDI 
process, company executives selected an expert team consisting of 7 handpicked senior 
marketeers representing 4 national subsidiaries and the main office. Using such expert 
teams to select ideas for advancement is a usual way to filter ideas for new product 
development at the company. This expert team was gathered for a full day workshop 
where all the ideas were assessed, with the criterion of finding the best ideas suited for 
further development. The group discussed what they considered important criteria, and 
reached a consensual understanding of what they considered important for the ideas 
selected. The workshop resulted in a selection of 12 ideas that were later turned into 
company product development projects. The expert team’s evaluation served as the 
standard against which the wisdom of the employee crowd was compared. This was not 
done in order to claim that the expert team did a perfect job in their evaluation, but in this 
real-world project it is the most accurate measurement as the ideas selected by the experts 
are the ideas that actually will be realized. When ideas in product development are 
screened and some discarded, there exists no objective knowledge about what would have 
been the best ideas Fehler! Verweisquelle konnte nicht gefunden werden., thus we selected 
the expert team as the best measure in order to estimate the validity and accuracy of the 
wisdom of the crowds. 
In addition to the expert team, the employees contributing with ideas were invited to 
individually rate the 99 ideas through an online survey. Such a distributed assessment of 
ideas in the fuzzy front end is not a usual method deployed at the company. The 
employee crowd evaluating the products was a group of 35 employees (16 female, 19 
male, mean age 42) from a variety of job functions and company departments, who had 
taken part in the workshop. They represented involvement from 11 departments, had a 
mean of 8 years company experience (range 0 to 24) and 4 years experience working in the 
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product domain in question (range 0 to 24). The sample represented raters from all 
workshops and departments who had taken part in the EDI process. On the introduction 
page of the online catalogue the participants were first given the following instructions: 
“On the next pages you will be asked to help evaluate the 99 individual ideas that came out of the 
workshops, based on the assumption that {Company Name} does not have unlimited resources to 
develop all these ideas. Therefore, it is important to try to select the most promising ones that you 
think should be taken further in future development processes. As such, you should be critical in 
your selections, in order to ensure that the right ideas are selected for advancement. For each idea, 
please try to evaluate whether you think that {Company Name} should develop and work on this 
idea (by answering yes/no). Also, for each idea you will be asked about whether you worked on the 
idea during the workshops (either by proposing it, or helping develop it further). If you worked on 
the idea, then please tick the appropriate box.” Under each presented idea they answered the 
following: “Would you recommend that {Company Name} invest resources in order to try to 
develop this idea further?” [yes/no] and “Did you work on this idea during the workshop?” [yes]. 
Each participant viewed all 99 ideas one by one, randomized for ordering across 
participants, and answered the two questions. Furthermore, information about level of 
expertise of the individual employee was obtained. 

3. Results 
The mean number of times an idea was selected of the 35 raters was 14.6 (STD 7.1, ranging 
from 1 to 32). As such, no ideas were unanimously selected and all ideas were selected by 
at least one rater. The individual raters on average selected 41.3 ideas (of 99) for further 
work (STD 12.5, ranging from 15 to 67 ideas).  
The agreement among judges was satisfactory. ICC (two-way for consistency) among the 
35 raters for their selections was .87. It is possible to calculate how many evaluators would 
have been needed in order to reach a satisfactorily high level of agreement (ICC >.8) using 
a variant of the Spearman Browne Prophecy formula 

 

where m is result to be rounded to the next highest integer, ρ* is an aspiration level, and ρL 
is a reliability estimate, typically either ICC(2,1) or ICC(3,1). For an experimental setup like 
this (with 99 individual ideas to be rated, and random judges), we should expect that to 
replicate the high level of agreement, 30 individual raters should have sufficed. 
To estimate whether idea complexity biased subjects towards selection we standardized 
the three kinds of complexity (textual, visual and benefit) and averaged across them, to 
generate a total complexity measure. A linear regression of whether the total complexity 
measure predicted selection of the individual ideas producing an adjusted R2 of .048 (F(1, 

98)=5.98, p<.02) with total complexity being a significant predictor (β =.24, t(98)=2.45, 
p<.02), showing that idea complexity did predict selection.  
To further examine whether employee expertise moderated the idea complexity bias we 
divided the employees into two groups by expertise level with an approximate mean split. 
Expertise level was calculated by averaging the number of years of employment in the 
company and the number of years experience in the product domain. The experienced 
group (N=15) had a mean of 14 years company experience and 8 years domain experience, 
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and the inexperienced group (N=20) had a mean of 3 years company experience and 2 
years domain experience. Experienced and inexperienced raters did not differ significantly 
in the mean amount of ideas they selected for further development from the set of 99 ideas 
(39 and 43 ideas selected for progression respectively t(33)=0.79, NS). 
For the inexperienced group, a linear regression of the three individual complexity 
measures (textual, visual and benefits) using a direct method showed an adjusted R2 of 

.058 (F(3, 89)=2.89, p<.04). Visual complexity (β =.27, t(98)=2.69, p<.01) was significant, 

while textual (β =.12, t(98)=1.20) and benefit complexity (β =.07, t(98)=.72) were 
nonsignificant predictors. For the experienced group, a linear regression of the three 
individual complexity measures (textual, visual and benefits) using a direct method 

showed an adjusted R2 of .076 (F(3, 89)=3.52, p<.02). Benefit complexity (β =.23, t(98)=2.33, 

p<.03) was significant, while visual (β =.19, t(98)=1.88) and textual complexity (β =.16, 
t(98)=1.54) were nonsignificant predictors. In comparison, the same regression was run for 
the selection of the marketing expert team, yielding an adjusted R2 of .051 (F(3, 89)=2.64, 

p=.054). Benefit complexity (β =.23, t(98)=2.24, p<.03) was significant, while visual (β =-.05, 

t(98)=-.46) and textual complexity (β =.18, t(98)=1.75) were nonsignificant predictors. The 
results indicate that while both the marketing expert team and the experienced group of 
employees relied slightly on the number of benefits indicated for each idea, the 
inexperienced group of employees did not consider the number of benefits in their 
selection, but instead relied slightly on visual complexity (number of visual images 
shown).  
To examine whether having worked on an idea biased evaluators towards selecting that 
idea, we calculated the proportion of ideas selected for the ideas the evaluator had or had 
not worked on respectively. Thirteen evaluators did not report having worked on any of 
the ideas, even though they had been present in at least one idea generating workshop. A 
paired t-test showed a significant difference (paired-t(21)=10.34, p<.001), with a mean 
probability of picking an idea the evaluator had worked on of .81, with .40 for ideas not 
reported to have worked on. The effect was so potent that for every evaluator there was a 
higher average proportion of picks for ideas that had been worked on compared to ideas 
not worked on.  
To estimate the size of the biases in the wisdom of the crowds, we used the expert 
marketing team as a benchmark. Overall the mean of the employee crowd selections 
correlated (r=0.32, n=99, p=.001) with the selection of the marketing team. Besides the 
correlation, an important statistic in estimating validity is how many of the top picks (i.e., 
the ideas receiving the most votes) were actually shared between the expert team, and the 
crowd. To estimate this, the 12 ideas (paralleling the 12 picks of the marketing team) with 
the most votes were considered ‘picks of the crowd’. Furthermore, given that the ideas 
were categorized in 26 categories by overall topic, it was possible to also estimate how 
many of the general categories that the expert marketeers and the crowd had agreed on 
selecting/not selecting ideas from. Among the top 12 marketing picks, 5 of the ideas were 
also ranked in the top12 by the employees (Cohens’s κ =.34), and of the 26 categories of 
ideas in the pool, the two groups agreed in their picking/not picking an idea from a 
category in 21 of the categories (Cohens’s κ =.56).  
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The same statistics were then computed for the experienced and inexperienced employees 
respectively. Due to equality in the number of picks in some of the ideas in this reduced 
sample, the top12 actually became a top16 (experienced employees) and top14 
(inexperienced employees) in order to accommodate ideas with equal scores. 
In comparison, the experienced group of employees correlated (r=0.33, n=99, p=.001) with 
the marketing team, shared 7 of the top12 picks (Cohens’s κ =.42) and agreed on 
picking/not picking 23 of the categories (Cohens’s κ =.75); while the inexperienced group 
correlated (r=.29, n=99, p=.004), shared 5 of picks in the top12 (Cohens’s κ =.29) and agreed 
on picking/not picking 21 of the categories (Cohens’s κ =.59). The experienced and 
inexperienced employee groups selections correlated (r=.78, n=99, p=.001), shared 11 of 
picks in their top14/16 (Cohens’s κ =.69) and agreed on picking/not picking 20 of the 
categories (Cohens’s κ =.51). As such, some significant gains appear to result from 
choosing experienced employees as evaluators – particularly in the shared picks in the 
top12, and in choosing the general categories from which ideas would be selected in this 
case.  
To estimate whether the ownership bias could be countered we excluded all data on ideas 
the individual evaluator had worked with. The correlation of this new mean measure to 
that of the marketing team did not show any differences: the correlation was still (r=.32, 
n=99, p=.001) and there were still 5 shared picks in the top 12 (Cohens’s κ =.34). As such, 
although the ownership bias was a potent one at the individual ratings, it was cancelled 
out across the sample of raters.  

4. Summary and discussion 
The present research attempted to provide a first examination of the validity of employee 
voting behavior for idea selection in engineering design, and the biases related to such 
voting. The results indicate that while employee-driven WotC does suffer from potential 
biases, such as ownership biases and biases towards selecting visually complex ideas, it is 
possible to overcome them. Furthermore, some consistency in picking the most promising 
ideas could be found between employee crowds and an expert marketing team, indicating 
some measure of validity in the selection method.  
The results indicate that in a case like this, with approximately 100 ideas to screen and 
raters who had worked on the problem to be solved in lengthy workshop sessions, reliable 
measures of idea selection could be expected to be obtained with as little as 30 people 
making selections. This informs the literature on the Consensual Assessment Technique in 
generalizing the technique to not only covering ratings on the level of creativity in the 
products or ideas themselves, but also their potential for advancement in product 
development stages. As such, the results show that it may be worthwhile to further 
explore whether WotC could be a usable alternative or supplement to the standard 
selection methods of either individual decision making based on a set of selection criteria, 
or group based discussion leading to consensus. 
The results documented that while it did appear that visual complexity served as a 
heuristic for determining idea potential for advancement, it was only the inexperienced 
employees who seemed to be utilizing this heuristic. Thus a way to overcome the 
tendency to pick ideas that appear visually complex is to rely on experienced raters more 
than inexperienced ones. However, it should be noted that the correlation between the 
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experienced and inexperienced employee crowds was quite high, and therefore, although 
the visual complexity bias did impact on the validity of the results, the impact was 
somewhat modest in size. It should be stressed, though, that the present field experiment 
utilized ideas that were illustrated by a professional designer, thus making the visuals 
appear somewhat homogenous from the outset. If a more heterogeneous set of images is 
to be evaluated in other settings (e.g., if the different respective idea generators themselves 
have drawn the visuals), then it can be expected that the variation in visual complexity 
would rise, along with the potential for the effect of the visual complexity bias. As such, if 
inexperienced raters are utilized in WotC, it seems advisable to control for visual 
complexity of the ideas. 
The second bias was one of ownership, showing that individuals who had proposed or 
helped further develop an idea had a much higher likelihood of selecting the idea for 
advancement, compared to other ideas. Although this bias was exceedingly large at the 
individual level, it had all but disappeared when aggregating across individuals in the 
WotC technique. In this case, it appears that even though the bias to select own ideas was 
a potent one, it did not matter at all to the overall results of which ideas should be 
selected. The reason is probably that each evaluator reported having worked on very few 
ideas (6 ideas on average), and the sample of raters was random and unbiased compared 
to the sample of individuals who had helped generate the ideas. As such, there was no 
consistent bias towards ownership of particular ideas in this experiment. It should be 
noted, however, that if evaluators have worked on a significant proportion of the ideas, 
and particularly if multiple raters have worked on the same ideas, then this is likely to 
provide significant biases. It seems relevant to warn future implementers of wisdom of the 
crowds in EDI idea selection to test whether evaluators consistently have a bias towards 
ownership of particular ideas. In case multiple raters have worked on a large proportion 
of the ideas and there is a danger of a skewed or biased sample of raters in terms of idea 
ownership, it would be advisable to remove ratings of own ideas, as the bias is quite 
potent. 
Overall, some validity of the employee-driven WotC technique could be found when 
comparing to an expert team of senior marketeers. Although the correlation between the 
two was low (i.e., in the 0.3 range), it was significant. More importantly, among the top 
picks selected for advancement in the two groups there was some encouragement in that a 
sizable number (5-7 of 12) of the top picks were shared between the employee crowd and 
the expert marketing group. Furthermore, the expert marketing group and the 
experienced employees agreed on picking or not-picking ideas in 23 out of 26 categories of 
ideas in the present experiment. It is possible that the differences in picks between the 
expert marketing team and the experienced employees was a result of simply selecting 
two different but similar ideas in the same class of ideas. Again, this holds promise for 
both the validity and reliability of the method. Further research is needed in order to 
qualitatively analyze each case where the expert team of marketeers and the experienced 
employees differed. It is to be expected that the expert team utilized a broader range of 
knowledge areas, such as whether the solution was patentable or if something similar 
already exists on the market, which may further explain differences between the top picks 
in the two groups. It is of course also possible that the expert marketing team to some 
extent made less than optimal choices, and thus provided a less than perfect benchmark 
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(e.g., due to social processes such as group think or lack of diversity represented in the 
group).  
Although more research is needed before firm conclusions can be drawn, some 
recommendations can be extracted from the present research: Our study design does not 
allow us to suggest WotC as an alternative to other kinds of idea selection since we do not 
have proof of an absolute improvement in idea quality or creativity in WotC over other 
selection methods. However, it is notable that the WotC technique was able to provide 
reliable picks from only 30 respondents. At least it is possible to utilize WotC as a 
supplement to other forms of idea screening, in order to ensure that the top picks are 
indeed the best ones and that expert groups or individuals basing their ratings on 
inflexible criteria are not inadvertently leaving out good choices to advance to later stages 
in product development. In applying WotC as a supplement, in-so-far as variety exists in 
the visual complexity of ideas, raters selections should be weighed by rater experience. 
Further, if the employees rating the ideas are the same individuals as the employees 
selecting the ideas, care should be taken to ensure that the selected sample of raters is a 
random and unbiased one to ensure that ownership biases are avoided. Finally, of course, 
enough raters should be used, to ensure a reliable selection.  
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