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cover evaluation and measures to prevent and reduce risk and error during the stage of detailed design, 
“Generate solution ideas” is renamed as “concept generation” as solutions and ideas can also be 
combined to form an overall concept. The analysis of the empirical studies also revealed product 
development scenarios that could not be classified unambiguously using the Munich Procedure Model 
since they do address more than one specific stage of the product development or design process. They 
could be classified under the categories: sustainability, variety and change management, user-centric 
design and collaboration. The category general product development was introduced for the remaining 
empirical studies that did not suit these categories. This approach takes into account the amount of 
empirical studies which can be classified under each category. Existing classifications of design 
research areas, e.g. by [Chakrabarti 2011], [Hovárth 2004] were not used, mainly because their level 
of detail would provide too many categories for this analysis. 

2.2 Study design 
Empirical studies can be characterised by various study designs. Table 1 presents a summary of the 
aspects relevant to the analysis and their respective possible configurations. 
Pertaining to the nature of study, studies can either be observational or interventional and comparative 
or non-comparative. The strict definition of ‘interventional studies’ is to be noted: a study where pre-
planned changes are introduced during the process is also considered to be observational. This may 
result in relatively few studies falling under the ‘interventional’ category. However, the aspects of 
setting, task and case dimensions (case size, total number of participants, repetitions per condition and 
number of conditions) are the focus of this publication as they influence the amount of effort required 
for data collection and the significance of the results yielded. A natural setting may complicate data 
collection as compared to a contrived setting, but the findings yielded may be more useful to the 
researcher. Similarly, realistic tasks may reduce the amount of effort required for the study but the 
results may not be as conclusive as that from real tasks. Studies conducted on a larger scale require 
more sources but are also more conclusive than small-scale studies. Hence, the design of the study is 
an important consideration for the researcher as it influences the choice of data collection methods. 

Table 1. Aspects of study design (adapted from [Blessing and Chakrabarti 2009]) 
Aspect Dimension 

configuration 
Explanation 

Nature of study Observational  Circumstances are pre-determined 
 Interventional Deliberate changes are made to the existing 

circumstances in order to investigate their effects 
 Comparative Participants are divided into groups with different study 

designs 
 Non-comparative All participant groups are identical 

Setting Natural Environment where participant carries out his normal 
routine 

 Contrived Environment has been modified for the purpose of the 
study 

Task Real Normal routine or work of the participants 
 Realistic Simplified versions of real tasks where circumstances 

have been modified to facilitate the research 
 Artificial Work which participants do not normally carry out in 

their routine 
Case size 1; 1-5; >5 

participants/case 
Participants work as individuals, in small groups or in 

large groups. 
Total number of 

participants 
<10; 10-50;>50 

participants 
Total number of participants directly performing the task, 

indicating the scale of the study 
Repetitions per condition 1; 2-10; 11-50; >50 number of repetitions per condition (e.g. task) 

Number of conditions 1; 2-5, > 5 Set of circumstances under which tasks are carried out 
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2.3 Data collection methods 
Table 2 summarises the main characteristics of the main data collection methods used in empirical 
studies. Data collection methods can be distinguished between real-time and retrospective methods 
[Blessing and Chakrabarti 2009]. In the case of the former, application of the methods occur parallel to 
the events of interest, whereas in the latter case, the methods are applied after the events of interest. 
Real-time methods can generate “unadulterated, direct and potentially very rich descriptions of events 
and their context, because data is captured while the phenomena occur” [Blessing and Chakrabarti 
2009]. While such methods can gather data in depth and big quantities, they require more effort in 
their application. Hence, the scale of the study can be limited. Real-time methods include observation, 
simultaneous verbalisation whereby participants are required to vocalise their thoughts as they carry 
out the tasks and introspection, where participants capture their reflections mainly in the form of 
diaries. On the other hand, retrospective methods “summarise events and rely upon memory or 
documentation, which may be very selective” [Blessing and Chakrabarti 2009]. Such methods are 
useful for large-scale studies, although they are vulnerable to manipulation due to selective memory 
and documentation and post-rationalisation where participants attempt to account for the observed 
events. The methods were summarized into 8 main data collection methods in order to facilitate the 
analysis of the publications. Collecting documents ranging from meeting protocols to idea sketches, 
collecting products such as prototypes, questionnaires, interviews and (interviews with) focus groups 
are methods falling under this classification. 

Table 2. Summary of data collection methods (adapted from [Blessing and Chakrabarti 2009]) 
DCM Description Effort 

(Participant) 
Effort 

(Researcher) 
Time Factor Data 

Quality 
Observation Researcher records 

occurring events 
Low High Real-time Average 

Simultaneous 
Verbalisation 

(SV) 

Participants voice out 
thoughts while working 

High Low Real-time High 

Introspection Participants record events 
and thoughts 

High Low Real-time High 

Collecting 
Documents 

Sketches, logs, meeting 
protocols 

Low Low Retrospective Low 

Collecting 
Products 

Gathering of objects such 
as prototypes and models 

Low Average Retrospective High 

Questionnaires Eliciting feedback in paper 
or electronic form 

Low Low Retrospective Low 

Interviews Face-to-face dialogue with 
an individual 

Average High Retrospective Average 

Focus Groups Discussion of a topic by a 
group of participants 

Average High Retrospective Average 

3. Method of analysis 
As highlighted in Section 2, when designing empirical studies, three aspects play a major role - the 
product development scenario, the study design and the data collection methods used. The relations 
between these 3 aspects are shown in Figure 1. In this publication, we present the most significant 
results from the separate three aspects (section 4.1, 4.2, 4.3) and the influence of the product 
development scenario on the (empirical) study design (section 4.4) and the selection of data collection 
methods (section 4.4). More details and the results of the other influences can be found in [Toh 2013]. 
For the analysis, publications from two different conferences and journals were selected: 

 ASME 2011 International Design Engineering Technical Conferences & Computers and 
Information in Engineering Conference IDETC/CIE 2011 
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in some of the publications in documenting their empirical studies. It is important to document the 
setting, case size and the total participants involved so as to provide a context in the review of the 
empirical study. It is possible that in some of the empirical studies, the product development methods 
were applied by the researchers themselves as a validation of the method. While this can demonstrate 
the workings of the method, conducting an empirical study where the method is applied by test 
participants enables a more rigorous and credible validation of the method. 

4.3 Data collection methods used in analysed empirical studies 
The analysis showed that 34% of the studies used observation, 24% collected products, 35% carried 
out questionnaires, 24% conducted interviews and 12% conducted used focus groups to collect data. 
Collecting documents was the most frequently used data collection method (83%). ‘Documents’ is a 
broad term and encompasses anything from sketches to protocol logs. Moreover, documents are 
commonly produced during the design process and are thus a readily available source of information 
for the researcher. Hence, it is the dominant data collection method used. 
On the other hand, simultaneous verbalisation and introspection were the least frequently used data 
collection methods (8% and 4% respectively). This can be due to the two methods being difficult to 
implement in terms of effort and facilitation. Simultaneous verbalisation is not natural and participants 
either have to be trained in it or make a conscious effort to execute it. This requires considerable effort 
and the results obtained can be incomplete because the participant misses out on something. 
Introspection is time-consuming and requires discipline and motivation on the part of the participants, 
which cannot be guaranteed. Thus, for both methods, while they can certainly provide additional 
insights, the obtainable results may not be justified by the effort required, resulting in them being less 
popular data collection methods. Due to the sample sizes for these two methods from this analysis 
being relatively small, the findings regarding introspection and simultaneous verbalisation can at most 
be used to provide a general idea since they are statistically insignificant to enable the drawing of 
conclusions. 
As the next part of the analysis, the most common data collection method pairs (i.e. both methods 
were applied in the study) of the 101 empirical studies analysed were identified. Given that there were 
8 data collection methods, 28 pairings were possible. The 10 most common pairs can be seen in  
Table 3. 

Table 3. Most common data collection method pairs 
Rank Data Collection Method Pair Usage (100%) 

1 Observation- Collecting Documents 28.7 
2 Collecting Documents- Questionnaires 22.8 
3 Collecting Documents- Collecting Products 18.8 
4 Collecting Documents- Interviews 17.8 
5 Observation- Collecting Products 

Observation- Interviews 
13.9 

7 Collecting Products- Questionnaires 12.9 
8 Collecting Documents- Focus Groups 

Observation- Questionnaires 
11.9 

10 Observation- Focus Groups 
Collecting Products- Interviews 

6.9 

 
While observation and collecting questionnaires are almost on par in terms of frequency of use when 
considered individually (used in 34 and 35 of the studies respectively), when used in conjunction with 
collecting documents, observation-collecting documents was used in around 6% more studies. This 
implies that observation-collecting documents is seen as a more compatible pairing than collecting 
documents-questionnaires by researchers. Observation and collecting documents complement each 
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6. Conclusion 
In this study, we selected and analysed 101 empirical studies from 81 publications with regards to the 
product development scenario, the study design and the data collection methods. Moreover, we 
analysed the impact of the product development scenario on both study design and data collection 
methods. The aim of the study was to identify best practices from peer-reviewed publications as to the 
design of empirical studies and the selection of data collection methods. The main findings are: 

 The use of realistic tasks provides a useful compromise between using artificial or real tasks 
 A combination of real-time and retrospective data collection methods (e.g. observation and 

collecting documents) can provide comprehensive data. 
 Collecting documents in the stage of concept generation and collecting documents and 

products in the late stages of product development are efficient means of data collection. 
In addition, we observed gaps of infrequently used study designs and data collection methods: 

 Few empirical studies regard early stages of product development and concept generation in 
natural settings with real tasks. 

 Few empirical studies in the stage of concept generation use real-time data collection methods. 
Future empirical studies addressing these gaps can provide new, useful insights for design research. 
As a general outcome, we noted the lack of standardized documentation in empirical studies. This 
indicates a need for discussion in design research: What is the most important information on 
empirical study design and data collection methods and how should it be documented? Regarding 
documentation, we suggest a table summarizing the most important aspects of the study being 
presented in the publication, with clear instructions and explanations and examples of the various 
terms to aid the researcher in filling up the table without too much effort and ambiguity. This not only 
provides the most important details regarding the study in a concise manner, but also serves as a basis 
for comparison and the planning of future work for the researcher. 
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