
NORDDESIGN CONFERENCE 

REYKJAVIK, ICELAND, 12-14 AUGUST 2024 

NordDesign 2024 

 

Do Methods Work? 

On the Correlation of Method Application, Effort, and Product Quality 
 

Klemens Hohnbaum1, Nuno Miguel Martins Pacheco1, Josef Christian Ponn2, Markus Zimmermann1 

1TUM School of Engineering and Design, Technical University of Munich, Munich, DE 
2Hilti Entwicklungsgesellschaft mbH, Kaufering, DE 

 

Abstract: Various approaches to support product development, ranging from German VDI guidelines to agile strategies, 

share commonalities, e.g., they recommend methods like requirement elicitation or product evaluation strategies. While 

extensively present in design education, the distinctive effect of development approaches on resulting products often 

remains unassessed. This paper presents the framework of an empirical study and its results, examining (1) the influence 

of development method application on product concept quality and (2) the effect of effort spent on both. Participants 

were supervised in their development process as part of an undergraduate higher education course. Data was assessed 

via rubrics or self-assessment and investigated using descriptive and inferential statistics. The findings show a significant 

moderate to strong positive correlation between effort spent and method application quality but no significant effect on 

product concept quality. However, the introduced framework is a streamlined blueprint for similar studies in educational 

and entrepreneurial contexts. 
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1 Introduction 

Product development methods and supporting approaches are designed to enable the development of products tailored to 

different needs and requirements (Eppinger and Chitkara, 2007; Tyagi et al., 2015). Most developers rely on best practices 

based on experience or scientific recommendations (Cross, 2011). Accordingly, design science aims to provide product 

development approaches for companies and to train young engineers to apply these approaches (Tu et al., 2018). However, 

industry and academia sometimes fail to impart those skills to young engineers and designers (Lawson, 2005; Meyer and 

Norman, 2020). Browsing SCOPUS (an extensive citation database of peer-reviewed literature) reveals that since 2020, 

approximately 1400 publications have been published in engineering alone regarding new methods or best practices (this 

resulted by searching for TITLE-ABS-KEY (("best practices" OR "meta-analysis" OR "review" OR "approach") AND 

"product development") AND PUBYEAR > 2020 AND (LIMIT-TO (SUBJAREA, "ENGI")) ). This figure excludes all 

publications in design science, which should further increase the number of new approaches published regarding product 

development. In contrast, just about 400 publications (again, since 2020 and solely in engineering) evaluated or conducted 

empirical studies on product development approaches (number found by searching for TITLE-ABS-KEY (("evaluation" 

OR "empirical study") AND "product development") AND PUBYEAR > 2020 AND (LIMIT-TO (SUBJAREA, "ENGI")) 

AND (EXCLUDE (EXACTKEYWORD, ("New Approaches" OR “Case-studies”))) ). Thus, there is an imbalance 

between the supply of product development approaches and the level of knowledge regarding their effects. 

This is particularly momentous since we, as involved designers or engineers, only partially live up to the demands we 

make on society and industry. Although we offer sufficient product development approaches, we neglect their large-scale 

evaluation. Whether our methods work is something we typically validate through case studies; general implications are 

much harder to find. Therefore, this paper intends to present our approach to method evaluation and its results. 

Higher education, i.e., imparting methodological knowledge, plays a vital role in this scenario (Tu et al., 2018). We assess 

our ability to transfer design knowledge and its impact in academia to eventually transfer its implications to a broader 

perspective. Thus, this study investigates the relationship between method application and product quality in the context 

of an undergraduate course in higher education. 

A prominent teaching method is Project-based Learning (PBL). Adderley (1975) provides the following definition, still 

valid and acknowledged today (Helle et al., 2006; Hero, 2019): (1) [projects] involve the solution of a problem; often, 

though not necessarily, set by the student himself [or herself]; (2) they involve initiative by the student or group of students, 

and necessitate a variety of educational activities; (3) they commonly result in an end product (e.g., thesis, report, design 

plans, computer programme and model); (4) work often goes on for a considerable length of time; and (5) teaching staff 

are involved in an advisory, rather than authoritarian, role at any or all of the stages – initiation, conduct and conclusion. 

The essential aspect of project-based learning is the activities-driven, organizational character of a challenging problem, 

culminating in a final product addressing this problem (Blumenfeld et al., 1991). Thus, this method is often used in modern  
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higher education (Helle et al., 2006; Hero, 2019). Accordingly, this study examines the influence of methods on product 

quality in a product development course, which teaches students how to apply methods deploying project-based learning 

elements. 

Research Objective 

As depicted, this study aims to evaluate the relationship between method application and product quality in project-based 

learning. Thus, the overall research question guiding this study is: What is the relationship between the application of 

product development methods and the quality of the corresponding product? To address that question, three hypotheses 

were formulated and tested; the presumed relations between the considered variables are shown in Figure 1. 

The primary effect considered is the relationship between method application and product quality, as similar studies 

suggest (Iqbal and Suzianti, 2021). In the context of higher education, we are interested in the quality of method application 

rather than whether methods were merely applied (Lodge and Bonsanquet, 2014). In addition, the scope of the study does 

not allow for the development of tangible products, so the quality of the product concepts is examined instead. Thus, the 

first hypothesis derived from the research question is 

H1: The quality of methods applied in a project-based learning environment correlates with the product concept quality 

at a moderate to high level (|ρ| ≥ 0.3). 

In addition, potential mediators should also be considered. In higher education, prominent mediators are effort and prior 

knowledge (Huang and Li, 2012; McKay and Ellis, 2014; Schneider and Preckel, 2017). The study is embedded in a course 

for undergraduate students, i.e., the methods applied by the students are taught in advance. Thus, the participants' prior 

knowledge is less impactful and excluded from this study's scope. Therefore, effort is considered the most essential 

mediator. Accordingly, the question arises as to the relationship between effort and method application quality, so the 

second hypothesis reads 

H2: The number of hours a team invests in applying product development methods in a project-based learning 

environment correlates with the method application quality at a moderate to high level (|ρ| ≥ 0.3). 

The correlation between effort and product concept quality is also considered to determine the full effect of the effort 

spent. Thus, the last hypothesis examined in this study is stated as 

H3: The number of hours a team invests in developing a product concept in a project-based learning environment 

correlates with the product concept quality at a moderate to high level (|ρ| ≥ 0.3). 

The paper is organized as follows: in section 2, the setting, essential variables, and statistical approach will be shown. In 

section 3, the study’s results will be presented. Section 4 discusses the hypotheses and spotlights the advantages and 

shortcomings of the study. 

2 Method 

2.1 Participants 

The participants of this study were 78 students enrolled in a product development course during the academic summer 

term of 2023. Most participants were undergraduate engineering students with little to no experience applying product 

development methods or developing product concepts. All participants chose project teams of three participants each, 

resulting in 26 project teams. All participants were offered optional lectures on product development approaches, 

corresponding methods, and opportunities for supervised exercises. Each method application entailed a mandatory 

submission of its results during the semester; the developed product concept was due at the end of the academic term.  

 

Figure 1. Presumed relations (hypotheses) between considered variables. 
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2.2 Course Setting 

The study was planned and carried out as part of a product development course during the academic summer term of 2023. 

The participating teams were tasked with developing a bottling system according to customer specifications. The course 

provided the framework for the investigation and offered the participants materials and premises, such as lectures and 

supervised time to exercise. The Munich Product Concretization Model (MCM) was the   urse’s methodological 

framework taught during lectures (Lindemann, 2009; Ponn and Lindemann, 2011). The setting of the entire study is 

visualized in Figure 2. 

The MCM primarily classifies product models, i.e., the development process results (Ponn and Lindemann, 2011). It 

schematically divides the development process into possible product solutions on different layers of abstraction (from an 

abstract functional layer to the concrete embodiment layer). It provides each layer with a set of requirements as well as a 

set of corresponding validations. In addition to visualizing the development process, the primary goal is to recommend the 

next development steps and offer a corresponding portfolio of methods, like Requirement Elicitation, Function Modelling, 

or FMEA (Ponn and Lindemann, 2011). Thus, the MCM focuses on structuring the development process, neglecting early 

stages like discovery (Cooper, 2019, 2004). Since the evaluated methods in this setting are shared among other approaches 

(for comparison, see Table 1), the influence of the MCM as a framework on the study can be neglected. 

Guided by the MCM, project teams applied the product development methods shown in Table 1 to the initially stated 

problem (Ehrlenspiel and Meerkamm, 2017; Lindemann, 2009; Ponn and Lindemann, 2011). Those methods are intended 

to support the development process for mechanical products; a detailed approach to each method is given by Ponn and 

Lindemann (2011). The participants were introduced to those methods in a three-stage process: First, the methods and 

their intended goals were presented in a lecture. Then, the application was demonstrated using trivial examples and 

expectations for the method application were stated. Additionally, exercises were offered in which the participants could 

practice, question, and reiterate their method application. Participants were formatively assessed by teaching assistants 

during their exercises. 

Those method applications were submitted biweekly for summative assessment; seven submissions were due. Project 

teams created and submitted their product concept based on the results of the whole set of method applications. 

2.3 Variables and Assessment 

This study measured effort spent, method application quality, and product concept quality as crucial variables. Effort spent 

was an independent variable, whereas product concept quality was the primary dependent variable. The method application 

quality acted as a secondary dependent and an independent variable. 

  

 

Figure 2. Setting of the study with relevant mediators, input, and output variables. The magnifying glass implies an assessment step. 

 ediati    aria les 

     rt   i e s e t 

  ri r     led e

 et     eth d    li ati  s

 r du t C   e t

 r  e t  ea  uality   

 eth d    li ati  

 uality    

 r du t C   e t

                            

Table 1. List of Intended Objectives, methods used, and the expected outcomes of corresponding method application.  

Intended Objective Method Result of Application 

Derive technical requirements Requirement elicitation Requirement list 

Decompose system into sub-systems Function modeling Flow-oriented function model 

Find innovative, partial solutions  Working principles Applied working principles 

Cluster partial solutions to concepts Morphological box Morphological box 

Evaluate concepts Weighted scoring Justified scoring sheet 

Validate concepts Requirement validation Design calculations 

Analyze weak spots FMEA FMEA sheet 
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Method Application Quality 

The specific methods applied by the project teams in this study, the respective objectives, and the assessable results are 

presented in Table 1. The evaluation was performed by teaching assistants involved in this course for each method 

application. 

All method applications were evaluated using a rubric scheme (Dawson, 2017; Popham, 1997) regarding the five metrics 

(1) meaningfulness, (2) completeness, (3) innovation, (4) clarity, and (5) formalism of the corresponding method 

application. The teaching assistants ranked each category using a Likert scale from 1 (lowest value) to 10 (highest value) 

for each method application. The sum above all method applications for each participant was averaged as the score 

representing the method application quality for each team. 

Product Concept Quality 

Each team created a pitch deck for their product concept based on the results of their method application. Those pitch 

decks included sketches, functions, and unique selling propositions of the designed plant and its modules but no specific 

method application results. Product Concept Quality was assessed by a jury of four industry and research experts. It is 

important to note that no jury member was involved in evaluating the method application quality or knew its detailed 

results beforehand. The product concepts were presented to the jury; ea h  e  er   uld assess the tea ’s  r du t 

concepts at their own pace.  

Analogous to the previous evaluation, a rubric scheme regarding the five metrics (1) meaningfulness, (2) completeness, 

(3) innovation, (4) clarity, and (5) formalism, was used by the jury; each category was ranked using a Likert scale from 

1 (lowest value) to 10 (highest value) for all product concepts. The jury’s s  res  ere a era ed as each team's product 

concept quality. 

Effort (Time spent) 

Academic effort is typically defined as time and energy expended on academic tasks (Rieger et al., 2022). Since 

participants’ determination or engagement is not assessed in this study, effort is defined as time spent in hours per method 

application and for developing the product concept. Teams were asked to self-assess ea h  e  er’s ti e spent on each 

task. The sum of time spent on all method applications above all team members is the team score for effort spent. 

2.4 Statistical Analysis 

All statistical analyses were performed using R version 4.3.2 (The R Foundation for Statistical Computing, 2023). 

The data was tested according to Shapiro-Wilk regarding its normal distribution. Since sample size influences Shapiro-

Wilk's assessment of normality, the distribution was also evaluated graphically (Aldor-Noiman et al., 2013). For normally 

distributed data, the correlation could be checked by Pearson's correlation test; for non-normally distributed data, 

Spearman's rank correlation was used. In case of doubt, i.e., if normality cannot be assumed unambiguously, both results 

are available for further consideration. The statistical significance of the results was tested through hypothesis testing. The 

correlations found were finally classified into small, moderate, or strong effects according to Cohen's d. (Cohen, 2009; 

Dodge, 2008; Field, 2009) 

3 Results 

The teams were highly committed to the project, as the average effort (i.e., time spent in hours) of M = 111 (SD = 24; 

range 60 – 148) indicates. Method Application Quality was evaluated on average as M = 8.4 (SD = 0.64; range 6.6 – 9.2), 

showing an application quality above the exa i er’s ex e tati  s. Product quality was evaluated as an average of M = 5.4 

(SD = 1.1; range 3.8 – 8.2), indicating a stricter jury evaluation than the assista ts’ method application evaluation. 

  

Table 2. Overview of tested hypotheses and corresponding results. 

Hypothesis Variables Condition r p (H0) 

H1 
null 

Method Application Quality, Product Concept Quality 
|ρ| < 0.3 

0.27 0.17 
alternative |ρ| ≥ 0.3 

H2 
null 

Effort (Time spent), Method Application Quality 
|ρ| < 0.3 

0.55 0.01** 
alternative |ρ| ≥ 0.3 

H3 
null 

Effort (Time spent), Product Concept Quality 
|ρ| < 0.3 

0.32 0.10 
alternative |ρ| ≥ 0.3 

Note that * indicates p < 0.05, ** indicates p < 0.01. 
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The Shapiro-Wilk test indicated that neither dataset regarding product concept quality (W = 0.96, p = 0.32) nor effort 

(W = 0.97, p = 0.59) significantly deviated from a normal distribution. At the same time, indicators were found for a 

deviation from normality (p < 0.05) for Method Usage Quality (W = 0.84). However, the graphical evaluation does not 

unequivocally confirm the conclusions regarding non-normality (see Q-Q plots in Figure 3). Thus, Pearson's and 

Spearman's rank correlation were calculated for further correlation evaluation involving the latter variable. 

The results of the correlation analysis and hypotheses tests are listed in Table 2; the scatter plots for each correlation are 

visualized alongside the results of the Shapiro-Wilk tests in Figure 3. 

3.1 Relationship between Method Application Quality and Product Concept Quality 

The correlation analysis revealed a statistically significant moderate relationship between Method Usage Quality and 

Product Concept Quality using Pearson's correlation (r = 0.41, p = 0.04*). Product Concept Quality showed no significant 

departure from normality, justifying Pearson's correlation. However, Method Application Quality cannot be assumed to 

be normally distributed. Thus, Spearman's rank correlation yielded a non-significant result (ρ = 0.27, p = 0.17). The 

Spearman test did not detect a statistically significant relationship, but the estimated correlation coefficient suggested a 

small to moderate positive effect. Since the p-value exceeds the threshold for statistical significance of 0.05, the null 

hypothesis (H1) cannot be rejected. 

3.2 Relationship between Effort (Time spent) and Method Application Quality 

The correlation between time spent and method application quality was examined in this study. Both variables were 

confirmed to be normally distributed. The correlation analysis revealed a high-significant, moderate correlation between 

effort (time spent) and method application quality (r = 0.55, p = 0.01**). Therefore, the null hypothesis of H2 can be 

rejected, and a moderate effect of effort (time spent) on method application quality is demonstrated. 

3.3 Relationship between Effort (Time spent) and Product Concept Quality 

The correlation analysis for the relationship between effort (time spent) and product concept quality indicates a non-

significant moderate correlation between the two variables (r = 0.32, p = 0.10). Thus, the null hypothesis (H3) cannot be 

rejected, and a statistically significant relationship is not proven. 

  

 

Figure 3. The Shapiro-Wilk normality test visualized as Q-Q plots (right), and the corresponding correlation results (left). All plots 

show 95 % confidence intervals; scales are dimensionless if otherwise stated. 
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4 Discussion 

4.1 Relationship between Method Application Quality and Product Concept Quality 

Spear a ’s ra k analysis suggests a weak to moderate effect of method application quality on product concept quality 

(ρ = 0.27, p = 0.17) but cannot reject the null hypothesis. It is interesting to note that method application quality is not 

normally distributed: The evaluation of the participants is directly related to assessing method application quality, and 

normality of the participants' grades is usually expected in education (Taylor, 2021). However, these findings align with 

recent studies implying that grades may be distributed non-normally (Canale et al., 2016; Kosheleva et al., 2019). The 

graphical evaluation of the Q-Q plots provides indications of normally distributed data, which could not be confirmed in 

the Shapiro-Wilk test. Thus, according to Spearman's rank correlation, the null hypothesis cannot be rejected. 

Nevertheless, indicators of a correlation between the two variables remain since a moderate yet non-significant correlation 

is shown (Amrhein et al., 2019). This implies the effects of mediators or confounders, which were not considered in this 

study (Pearl, 2009). Accordingly, this relationship should be re-examined in future studies. 

4.2 Relationship between Effort (Time spent) and Method Application Quality 

The correlation analysis showed a statistically significant, moderate effect of the effort spent on the method application 

quality (r = 0.55, p = 0.01**). This aligns with previous findings regarding the impact of effort on academic achievements 

(Hagger and Hamilton, 2019; Lee, 2014; Putwain et al., 2019). Thus, it can be stated that the effort involved in methodical 

product development also correlates with the method application quality in the examined setting. This clear result suggests 

a transferability to other use cases. 

4.3 Relationship between Effort (Time spent) and Product Concept Quality 

In contrast to the effort's influence on method application quality, no significant effect on the product concept quality 

could be demonstrated (r = 0.32, p = 0.10). However, the moderate correlation can indicate an existing relationship, which 

could not be proven in this study. This is assumed because of the proven correlation between effort (time spent) and 

method application, as well as the aforementioned results of similar studies (Hagger and Hamilton, 2019; Lee, 2014; 

Putwain et al., 2019). The absence of a tangible product might play another role, as studies involving prototyping show 

effort as a predictor for product success (Batliner et al., 2022; Pacheco et al., 2024). Again, other effects or mediators not 

considered in this study might have limited the possibility of directly proving this relationship. 

4.4 Practical Implications 

This study highlights the relevance of PBL for educators and organizations involved in design education. The moderate 

yet insignificant correlation between method application quality and product concept quality suggests some limitations for 

a comprehensive understanding of the topics taught. This aligns with Dochy et al. (2003), who show a clear positive effect 

of PBL on skill acquisition and simultaneously a slightly negative effect on knowledge transfer. 

Thus, educators should emphasize imparting skills in PBL, i.e., encouraging students to engage with the material being 

taught. As shown, providing a PBL environment where students can spend time on their projects significantly improves 

the quality of their exercise applications. Using formative assessment methods, such as structured supervision, reflection, 

and cooperative learning during PBL, may improve its educational effectiveness.  

Besides, the introduced framework offers a lean opportunity to evaluate the impact of method application on product 

quality, applicable in both educational and industrial settings. Once applied in further studies, this approach may lead to a 

better understanding of the mechanics of PBL, allowing for targeted and practical improvement. 

4.5 Limitations and Future Research 

The study investigated a sample size of 26 teams from a single product development course. This relatively small sample 

potentially limits the generalizability of the presented results due to sample bias. Thus, caution is advised when 

extrapolating these findings to other contexts, such as professional working environments or other educational settings. 

Future studies should incorporate larger and more diverse samples from multiple courses or institutions to enhance 

generalizability. 

Next, jury assessment of product concept quality introduces the potential for individual biases, as industry experts might 

overestimate their professional background and experiences (Stylidis et al., 2020). This emphasizes the importance of 

minimizing those biases for future research (Boudier et al., 2023). 

Similarly, the evaluation of the effort spent relied on self-assessed data. Since those results may be biased and inaccurate, 

objective measures such as standardized performance tests should be implemented in future studies (Gustafsson and 

Borglin, 2013; Shrivastava et al., 2018).  
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The study focused on the effects of time spent on method application and product concept quality, overlooking potential 

mediators or confounders (Pearl, 2009). For instance, cultural differences among participating teams were not considered. 

Given the indicators for the impact of cultural variations in related studies, future research should incorporate these factors 

(Zhang, 2019). As Schneider and Preckel (2017) suggest, more variables affecting academic achievements exist and should 

be considered. 

The teaching staff was aware of implicit educational biases, especially regarding evaluating the method application quality. 

However, individual and blind-spot biases cannot be completely ruled out in an educational setting (Boysen and Vogel, 

2009; Staats et al., 2017). Thus, the efforts to exclude such biases must be maintained or even exceeded in future studies. 

Finally, the study identifies associations between variables but does not establish causation. The presumed linear 

relationship between effort (time spent), learning effect, and product quality may not fully capture the complexity of these 

interactions (Pearl, 2009). Future research should explore non-linear relationships and potential moderating or mediating 

factors to provide a more nuanced understanding of the dynamics involved. 

5 Conclusion 

This study explored the relationship between method application and product quality within a project-based learning 

course in higher education. We raised the research question, “What is the relationship between the application of product 

development methods and the quality of the corresponding product?” and defined the variables effort (time spent), method 

application quality, and product concept quality. Using methods of empirical statistics, we state a significant, positive, 

moderate effect of effort spent on method application quality, as seen in Figure 4. 

However, the initial research question remains partly unanswered, as no statistically significant correlation was found 

between the method application quality and product concept quality. Since   ear a ’s ra k correlation states a small to 

moderate correlation, the existence of an effect is very much possible. Therefore, future research should incorporate other 

potential moderators and overcome the stated limitations of this study. The same applies to the relationship between effort 

spent and product concept quality. 

While the results of the examined relationships are valid for this study’s s   e, we acknowledge several limitations. The 

sample size of 26 teams from a single product development course in higher education raises concerns about 

generalizability, emphasizing the need for caution when extrapolating findings to other contexts. Additionally, the study 

recognized potential biases in assessing product concept quality by a jury and suggested further exploration of these biases 

in future research. 

To conclude, this research emphasizes the intricate interplay between method application quality, effort spent, and the 

resulting product concept quality. We could not show a significant correlation between method application quality and 

product concept quality; the obvious practical implication is emphasizing a thorough method application for better result 

quality. 

However, this study introduces a lean framework for evaluating methods regarding their effects on product quality. It may 

be used in an educational or entrepreneurial context to evaluate the effects of product development method application. 

For example, this framework can be applied in industry as a measure of quality management to find which development 

approaches potentially have a measurable impact on product quality. This, in turn, enables us to emphasize impactful 

methods in educating future engineers and designers. 

  

 

Figure 4. Relations and correlation coefficients of the analyzed variables. 

 uality   

 eth d    li ati  

    rt

  i e s e t 

 uality    

 r du t C   e t

  

  

  

 .    

 .  

 .  



Do Methods Work? On the Correlation of Method Application, Effort, and Product Quality 

NordDesign 2024 

Acknowledgments 

We thank all the students who participated and all the teaching assistants who supported and enabled this study. 

References 

Adderley, K., 1975. Project Methods in Higher Education. Society for Research into Higher Education. 

Aldor-Noiman, S., Brown, L.D., Buja, A., Rolke, W., Stine, R.A., 2013. The Power to See: A New Graphical Test of Normality. Am. 

Stat. 67, 249–260. https://doi.org/10.1080/00031305.2013.847865 

Amrhein, V., Greenland, S., McShane, B., 2019. Retire statistical significance. Nature 567, 305–307. https://doi.org/10.1038/d41586-

019-00857-9 

Batliner, M., Boës, S., Heck, J., Meboldt, M., 2022. Linking Testing Activities with Success in Agile Development of Physical Products. 

Procedia CIRP 109, 146–154. https://doi.org/10.1016/j.procir.2022.05.228 

Blumenfeld, P., Soloway, E., Marx, R., Krajcik, J., 1991. Motivating Project-Based Learning: Sustaining the Doing, Supporting the 

Learning. Educ. Psychol. 26, 369–398. https://doi.org/10.1207/s15326985ep2603&4_8 

Boudier, J., Sukhov, A., Netz, J., Le Masson, P., Weil, B., 2023. Idea evaluation as a design process: understanding how experts develop 

ideas and manage fixations. Des. Sci. 9, e9. https://doi.org/10.1017/dsj.2023.7 

Boysen, G.A., Vogel, D.L., 2009. Bias in the Classroom: Types, Frequencies, and Responses. Teach. Psychol. 36, 12–17. 

https://doi.org/10.1080/00986280802529038 

Canale, A., Kenne Pagui, E.C., Scarpa, B., 2016. Bayesian modeling of university first-year stude ts’  rades a ter  la e e t test. J. 

Appl. Stat. 43, 3015–3029. https://doi.org/10.1080/02664763.2016.1157144 

Cohen, J., 2009. Statistical power analysis for the behavioral sciences, 2. ed., reprint. ed. Psychology Press, New York, NY. 

Cooper, R.G., 2019. The drivers of success in new-product development. Ind. Mark. Manag. 76, 36–47. 

https://doi.org/10.1016/j.indmarman.2018.07.005 

Cooper, R.G., 2004. New Products—What Separates the Winners from the Losers and What Drives Success, in: The PDMA Handbook 

of New Product Development. John Wiley & Sons, Ltd, pp. 3–28. https://doi.org/10.1002/9780470172483.ch1 

Cross, N., 2011. Design thinking: understanding how designers think and work. Berg, Oxford. 

Dawson, P., 2017. Assessment rubrics: towards clearer and more replicable design, research and practice. Assess. Eval. High. Educ. 42, 

347–360. https://doi.org/10.1080/02602938.2015.1111294 

Dochy, F., Segers, M., Van Den Bossche, P., Gijbels, D., 2003. Effects of problem-based learning: a meta-analysis. Learn. Instr. 13, 

533–568. https://doi.org/10.1016/S0959-4752(02)00025-7 

Dodge, Y., 2008. The concise encyclopedia of statistics, 1st. ed. ed, Springer reference. Springer, New York. 

Ehrlenspiel, K., Meerkamm, H., 2017. Integrierte Produktentwicklung. Carl Hanser Verlag GmbH & Co. KG. 

https://doi.org/10.3139/9783446449084.fm 

Eppinger, S.D., Chitkara, A.R., 2007. The new practice of global product development. IEEE Eng. Manag. Rev. 35, 3–3. 

https://doi.org/10.1109/EMR.2007.329130 

Field, A.P., 2009. Discovering statistics using SPSS, 3rd ed. ed. SAGE Publications, Los Angeles. 

Gustafsson, M., Borglin, G., 2013. Can a theory- ased edu ati  al i ter e ti    ha  e  urses’ k   led e a d attitudes     er i   

cancer pain management? A quasi-experimental design. BMC Health Serv. Res. 13, 328. https://doi.org/10.1186/1472-6963-

13-328 

Hagger, M.S., Hamilton, K., 2019. Grit a d sel ‐dis i li e as  redi t rs    e   rt a d a ade i  attai  e t. Br. J.  du .  sy h l. 89, 

324–342. https://doi.org/10.1111/bjep.12241 

Helle, L., Tynjälä, P., Olkinuora, E., 2006. Project-Based Learning in Post-Secondary Education – Theory, Practice and Rubber Sling 

Shots. High. Educ. 51, 287–314. https://doi.org/10.1007/s10734-004-6386-5 

Hero, L.-M., 2019. Learning to develop innovations. Individual competence, multidisciplinary activity systems and student experience 

(Doctoral dissertation). Annales universitatis Turkuensis, 475, Faculty of Education, University of Turku, Finland. 

Huang, J.-W., Li, Y.-H., 2012. Slack resources in team learning and project performance. J. Bus. Res. 65, 381–388. 

https://doi.org/10.1016/j.jbusres.2011.06.037 

Iqbal, M., Suzianti, A., 2021. New Product Development Process Design for Small and Medium Enterprises: A Systematic Literature 

Review from the Perspective of Open Innovation. J. Open Innov. Technol. Mark. Complex. 7, 153. 

https://doi.org/10.3390/joitmc7020153 

Kosheleva, O., Servin, C., Kreinovich, V., 2019. Why Grade Distribution Is Often Multi-modal: An Uncertainty-Based Explanation, 

in: Kearfott, R.B., Batyrshin, I., Reformat, M., Ceberio, M., Kreinovich, V. (Eds.), Fuzzy Techniques: Theory and 

Applications, Advances in Intelligent Systems and Computing. Springer International Publishing, Cham, pp. 106–112. 

https://doi.org/10.1007/978-3-030-21920-8_10 

Lawson, B., 2005. How Designers Think, 4th ed. Routledge, London. https://doi.org/10.4324/9780080454979 

Lee, J.-S., 2014. The Relationship Between Student Engagement and Academic Performance: Is It a Myth or Reality? J. Educ. Res. 

107, 177–185. https://doi.org/10.1080/00220671.2013.807491 

Lindemann, U., 2009. Methodische Entwicklung technischer Produkte: Methoden flexibel und situationsgerecht anwenden. Springer, 

Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-01423-9 

Lodge, J.M., Bonsanquet, A., 2014. Evaluating quality learning in higher education: re-examining the evidence. Qual. High. Educ. 20, 

3–23. https://doi.org/10.1080/13538322.2013.849787 

McKay, D., Ellis, T., 2014. Tracking the Flow of Knowledge in IT Organizations: The Impact of Organizational Learning Factors and 

Project Learning Practices on Project Success. Presented at the Proceedings of the Annual Hawaii International Conference 

on System Sciences, pp. 5185–5194. https://doi.org/10.1109/HICSS.2014.648 

Meyer, M.W., Norman, D., 2020. Changing Design Education for the 21st Century. She Ji J. Des. Econ. Innov. 6, 13–49. 

https://doi.org/10.1016/j.sheji.2019.12.002 



NordDesign 2024 

Pacheco, N.M.M., Geisler, M., Bajramovic, M., Fu, G., Sureshbabu, A.V., Mörtl, M., Zimmermann, M., 2024. Learning by doing? The 

relationship between effort, learning effect and product quality during hackathons of novice teams. Des. Sci. 10, e9. 

https://doi.org/10.1017/dsj.2024.9 

Pearl, J., 2009. Causality, 2nd ed. Cambridge University Press, Cambridge. https://doi.org/10.1017/CBO9780511803161 

Ponn, J., Lindemann, U., 2011. Konzeptentwicklung und Gestaltung technischer Produkte: Systematisch von Anforderungen zu 

Konzepten und Gestaltlösungen. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-20580-4 

   ha , W.J.,  99 . C  seque tial  alidity  Ri ht C   er ‐Wr    C   e t.  du .  eas. Issues  ra t.  6, 9–13. 

https://doi.org/10.1111/j.1745-3992.1997.tb00586.x 

Putwain, D.W., Nicholson, L.J., Pekrun, R., Becker, S., Symes, W., 2019. Expectancy of success, attainment value, engagement, and 

Achievement: A moderated mediation analysis. Learn. Instr. 60, 117–125. https://doi.org/10.1016/j.learninstruc.2018.11.005 

Rieger, S., Göllner, R., Spengler, M., Trautwein, U., Nagengast, B., Roberts, B.W., 2022.  he  ersiste  e    stude ts’ a ade i  e   rt  

The unique and combined effects of conscientiousness and individual interest. Learn. Instr. 80, 101613. 

https://doi.org/10.1016/j.learninstruc.2022.101613 

Schneider, M., Preckel, F., 2017. Variables associated with achievement in higher education: A systematic review of meta-analyses. 

Psychol. Bull. 143, 565–600. https://doi.org/10.1037/bul0000098 

Shrivastava, M., Shah, N., Navaid, S., 2018. Assessment of change in knowledge about research methods among delegates attending 

research methodology workshop. Perspect. Clin. Res. 9, 83. https://doi.org/10.4103/picr.PICR_41_17 

Staats, C., Capatosto, K., Tenney, L., Mamo, S., 2017. State of the Science: Implicit Bias Review 2017. Kirwan Institute for the study 

of race and ethnicity, Ohio. 

Stylidis, K., Wickman, C., Söderberg, R., 2020. Perceived quality of products: a framework and attributes ranking method. J. Eng. Des. 

31, 37–67. https://doi.org/10.1080/09544828.2019.1669769 

 ayl r,  .,     . Bey  d edu ati    y ra ki    Let’s   t retur  t  “  r al.” FORU   r   t.  -19 Compr. Educ. 63, 9–19. 

https://doi.org/10.3898/forum.2021.63.2.02 

Tu, J.-C., Liu, L.-X., Wu, K.-Y., 2018. Study on the Learning Effectiveness of Stanford Design Thinking in Integrated Design 

Education. Sustainability 10, 2649. https://doi.org/10.3390/su10082649 

Tyagi, S., Choudhary, A., Cai, X., Yang, K., 2015. Value stream mapping to reduce the lead-time of a product development process. 

Int. J. Prod. Econ. 160, 202–212. https://doi.org/10.1016/j.ijpe.2014.11.002 

Zhang, Y., 2019. Metacognition and Knowledge Application: An Empirical Study in Product Design Education. Loughborough 

University, Loughborough. 

Contact: K. Hohnbaum, Technical University of Munich, TUM School of Engineering and Design, Boltzmannstr. 7, 85748 Garching 

Germany, +49 (0) 89 289 – 15164, klemens.hohnbaum@tum.de 


