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ABSTRACT: This paper serves as a template for, and argument to, the engineering design research community to pre-
register research studies. Pre-registering allows for a research plan to be validated and results published, no matter the
findings. To support pre-registering, we propose a case study to study how individual perspectives and decision-making
processes interact as design teams collaborate and reach consensus. We explore how narrative misalignments within a
design team—disagreements on the best path forward—are shaped by individual perspectives. Driving requirements,
requirements that reflect a designer's prime motivations, are used to shed light on individual priorities. A data collection
and analysis plan are introduced to explain how the team will examine how consensus was achieved, which divergent
personal interests persist, and how future decision-scenarios might be influenced.

KEYWORDS: narrative misalignment, requirements, teamwork, collaborative design

1. Methodological motivation: pre-registering research studies

A common complaint by many reviewers of engineering design research paper submissions is that the
study itself was limited. The studies could be case studies that failed to more broadly consider the
context, observational studies that failed to account for various factors, or experimental studies that were
conducted with limited replication power. As a result, reviewers are often challenged with providing
feedback to the authors and researchers after the work is completed. Further, the only studies that seem to
have been reviewed by independent scholars before the studies are conducted are part of funding
proposals. If the work is funded, then this presumes that the experimental design was appropriate.
However, some (perhaps many) studies are designed and conducted without the need for funding. Pre-
registration of research studies is one approach to address these challenges.

Expecting researchers to have their research protocols reviewed prior to conducting the research is a growing
trend in the social sciences (Gonzales & Cunningham, 2015). This review process resembles a journal paper
review and is often required by journals for the full study and results to be published. Research teams submit
their rationale, research questions, research hypotheses, and study methods to a journal prior to conducting
the research. Reviews are provided that critique the approaches and suitability of the methods, offering
recommendations to redesign the research. One might consider this similar to dissertation proposals where
committee members can have a positive impact on the conducted research. On acceptance of the research
proposal by the external experts, the research teams then conduct the studies. Final research reports are then
submitted to the journals. At this point, the journal reviews the findings, rejecting papers when researchers
fail to follow the proposed study method, not because of the study's outcome. Thus, studies that are deemed
relevant and acceptable initially cannot be rejected even when the hypothesis is not fully supported.

The proposal process for research project funding is essentially a similar mechanism to validating planned
research. The difference between pre-registration of research through journals or conferences, such as ICED, is
that no funding is tied to the decision. Rather, the focus is on the quality of the planned scholarship, not the
potential return on investment associated with the execution or findings of the research. The National Science
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Foundation does not have sufficient funds to support all high-quality proposed studies. A focus is on high risk
and high reward projects. Research that is focused on theory testing and validation work is often excluded as it is
not “innovative”. Similarly, work that is early and exploratory in nature might not qualify as “high reward*.
Thus, some researchers choose not to pursue federal funding and support for their research. In these situations,
the research is only reviewed after it has been completed through the conference or journal publication process.
The pre-registration of research through conferences and journals allows for this component of the decision-
making process to be removed so that the only factors considered are whether the study is well designed and will
achieve anticipated results if executed as planned.

It is expected that pre-registration of research with journals or conferences will increase the amount of
research that is grounded in theory and will decrease the number of false-positive publications. More
importantly, pre-registration requires that researchers develop more objectivity and distance between the
research approach and the findings, removing several types of potential biases (Jiao et al., 2018; Nelius &
Matthiesen, 2019). Pre-registering the research plan at ICED provides two different forms of feedback,
the first by the reviewers and the second by the audience at the conference. This feedback is invaluable
for correcting and iterating on the design of the study before committing the time associated with
conducting the study. Broadly, pre-registering research supports many of the goals of establishing high
quality research within the design research community (Dain et al., 2013; Weber, 2024). The feedback is
delayed as the submissions go through review and then the authors wait for presentation and discussion at
the conference. This delay should be considered when determining to pre-register studies.

2. Research study: requirements and narrative alignment in teams

Engineering design is a complex, social, and collaborative process (Milne & Leifer, 1999). Designing
often requires that people work in collaborative teams to achieve a common outcome that satisfies a
diverse set of requirements. Yet each team member has their own personal priorities, values, and beliefs.
This dichotomy is recognized by Bucciarelli who states that “the process of designing is achieving
consensus among participants with different ‘interests’ in the design ” (Bucciarelli, 1996). He further
elaborates that while “agreement and consensus are essential to moving forward in the design process, it
does not necessarily follow that all participants share the same vision of the design even when consensus
is achieved and even when the artifact has been realized in hardware. ”

Each member's ‘vision' or ‘interests' is informed by their personal understanding of the problem and the
goal they want to achieve. A narrative process defines the structured way that engineers make decisions
(Ferguson et al., 2024). Elements of the narrative process include processing and assessing information,
simulating and affectively evaluating imagined futures, developing and maintaining conviction in a
course of action, and communicating this decision-making process to others. Throughout the design
process, requirements provide a (perhaps the) foundation for establishing and communicating a common
decision space framing. Requirements span both product and project, with product requirements defining
properties that the final solution should/must have while project requirements characterize how the team
should/must work within their limited resources.

Because requirements impact “what is possible” and the “goodness of the outcome”, we believe that they
affect how designers simulate and affectively evaluate imagined futures (Johnson et al., 2023). We also
believe that each team member focuses on a unique (subset of) requirement(s) when processing the
decision space and using their imagination to identify the best path forward given their understanding of
the available information. We define a driving requirement as one that reflects prime motivation of the
designer at a given point in time.

We propose a case study to understand how driving requirements impact narrative alignment within
engineering design teams. Our motivating research question is: How can narrative misalignments within
a design team be explained by the requirements each team member identifies as a driving requirement
and their mindset as characterized by perceptions of motivation, risk propensity, psychological safety,
and systems thinking?

The thesis of our case study is that individual perspectives shape the way designers evaluate and select
driving requirements at various stages of the design process, and that this process can result in team
misalignment. Driving requirements also strongly influence the futures imaged by the designer. Team
members construct their own unique narrative (Bucciarelli's ‘vision'), and narrative misalignment occurs
when team members disagree on the best path forward (that is, the best decision to make right now).
Narrative misalignments within a team need to be settled for the design process to move forward, in that a
consensus must be reached about the course of action the team will take. We draw attention to narrative
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misalignments in team-based design environments because such misalignment can disrupt team dynamics
and ultimately result in team fragmentation. Fragmentation results in increased conflict, arguments, delays,
inefficiencies, and even project failure.

We believe that capturing the driving requirement(s) of a decision provide a useful surrogate as designers
may not be able consciously state how their personal priorities, values, and beliefs influenced their
decision-making. That is, their identification of a driving requirement suggests a focus of perceived
importance. The results from this study will help explain how the interplay of individual perspectives and
team consensus around requirements shapes the design process and outcome. We will also gain insights
into the cognitive, organizational, and technical factors that influence engineers' decision-making at
various steps of the design process. This knowledge can then be used to improve the design process,
enhance collaboration, and deliver products that meet or exceed stakeholder expectations.

2.1. Requirements in engineering design

Requirements are statements that outline important criteria that engineering designers use to evaluate
their solutions (Ullman et al., 2024). The constraints and criteria of a product or project are identified and
documented to create well-defined requirements (Carrillo De Gea et al., 2012). Well written requirements
help increase the likelihood for project success (McLellan et al., 2011). A complete requirement contains
a subject, modal, and verb (Haskins & Forsberg, 2011; Kapurch, 2007). These statements may contain
objects and adjuncts for increased specificity. Consider a requirement that states “The tool should
influence users to prioritize requirements”. The subject is “fool”, the modal is “should’, the verb is
“influence”, the object is “users”, and the adjunct is “fo prioritize requirements”.

Requirements can be on the product or the project (Ullman et al., 2024). Product requirements define the
problem/product through function, performance, and properties. Project requirements are limits of the
timeline, budget, or personnel. Requirements engineering encompasses essential activities that manage
the requirements life cycle, such as elicitation, modelling, analysis, validation, and documentation
(Barcelos et al., 2024; Umar & Lano, 2024).

Requirements also change during the product or project lifecycle as stakeholder needs change (Hong
et al., 2010). Stakeholders can be internal, within the project team, or external like the customer or
investor (Thompson & Parent, 2024). Requirement changes may involve splitting, refining, deleting, and
adding (Asgher-Nadeem et al., 2024; Hein et al., 2022). Changes in requirements over the course of a
project can affect other requirements, leading to increased project costs and delays (Shankar et al., 2012).
One way to manage the design tasks and activities is through prioritization of the requirements.
Prioritizing requirements determines which requirements are implemented and which ones can be
released (Berntsson Svensson & Torkar, 2024). Requirements can be tagged with different priorities,
importance, or criticality. These priorities help the designer in sequencing the design tasks. A common
design process that focuses on “driving requirements” is scrum within agile (Garzaniti et al., 2019;
Peterson & Summers, 2021). In the springs of a scrum process, only a few requirements are considered to
evolve the solution to a minimum viable product.

2.2. Shared motivation and alignment

Individuals make sense of situations differently due to their own unique experiences. Each engineer also
has different motivations for working on a project. Bucciarelli acknowledges these inherent differences
between engineering designers, stating how “different participants with different perspectives and
responsibilities in the design process . .. will construct different stories according to their responsibilities
and interests” (Bucciarelli, 1996). One of the most important facets of team project work is that everyone
is committed to the same course of action (i.e., consensus is reached). This requires that team members
are aligned in their communication and the decisions made, which can be difficult to achieve when team
members have varying motivations. When team members disagree on the best course of action, conflict
can occur and create division, stagnating progress. Furthermore, prior work has addressed how students
in capstone design programs may feel like the requirements for the course and the requirements for the
project are misaligned, especially for competition-based projects (Schibelius et al., 2023). Thus, we
consider it important to understand how teams navigate projects when team members have varying
motivations leading to different preferred courses of action.

Shared motivation originates in social psychology and organizational behavioural studies (Katz, 1964).
While this concept has not been extensively in engineering design, researchers have explored the effects
of team conflict in capstone design. Prior studies have identified that when someone is not satisfied with
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their team member's performance in completing a task, the effectiveness of the team is negatively
affected and team enjoyment is negatively impacted when a team member is considered difficult to work
with (Mostafapour& Hurst, 2020). Students recognize it is important for their teams to have strong
communication skills to aid in the delegation of tasks, ensuring others feel included, and maintaining
accountability (Schibelius et al., 2023). Emerging conflicts can be managed by team members, and may
be able to be addressed more effectively if students have taken a conflict management workshop
(Schibelius et al., 2023). However, conflict pertaining to project requirements versus product
requirements may be handled differently due to differing motivations. Many capstone programs do not
focus on conflict resolution or provide students with project management skills, leaving groups
unfamiliar with how to resolve disagreements and thus reach an agreed upon course of action. Other
studies have examined how motivated students are in capstone design using the MUSIC model,
measuring students' empowerment, usefulness, success, situational awareness, and individual interest, in
addition to academic caring and personal caring (Jones et al., 2013). The effects of students' problem-
solving efficacy on personal achievement and motivation in capstone design has also been studied (Joo
et al., 2019). However, these studies do not consider how requirements influence motivation.

3. Case study design

Case studies, as a formal research method (Teegavarapu et al., 2008; Yin, 2017), have been used for
decades to understand the complex phenomena associated with engineering design. While many studies
have focused on in-service engineers, their practices, and their organizations (Knackstedt et al., 2023;
Lee et al., 2021), other studies have focused on understanding pre-service engineers (Hess & Summers,
2013; Veisz et al., 2012). Case studies are often conducted through interviews and document analysis of
contemporary and historical processes. They are used to build new theories and to identify critical
elements for future study. For the study, we have identified several research requirements on the structure
of the case (Table 1). These are enumerated here with their explanation of why each requirement is
important to this study.

Table 1. Requirements for pre-registered case study

No. Requirement Justification

1 The case study should be implemented We are interested in design scenarios where students are
with teams that have ownership of the invested in the outcomes of their decision. We avoid
project. student competition teams as they often have too many

designers not integrated into the course project.

2 The case study must be implemented We do not want findings of the case study to be overly
with parallel teams on the same dependent on a unique team. With parallel teams we can
project. increase the generalizability of the study.

2.1 The case study should be implemented We are interested in a team that is consistent in size, level
with teams that are similar in and expertise. This will help eliminate several possible
composition. confounding factors in the study.

2.2 The diversity of team composition The diversity of the team is a secondary (uncontrolled)
should be captured. variable. We will capture the diversity but not modify

the team composition.

3 The case study should track the changes We want to see the differences of requirements across
in requirements throughout the design time as this will help us understand the influence on/
project. from motivation

4 The case study should track the We want to see the possible motivations for the project
motivations of the team members.

4.1 The team members must be regularly It is critical for us to capture the change in the motivation
sampled for their motivations and of the individuals to determine how these changes align
objectives. with the requirements and the design progress.

5 The case study should involve collecting To help generalize the findings to other capstone
context of the problem, project, and programs, it is important to be able to describe the
course. project context in full.

5.1 The context of the course must include We need to understand how requirements are taught to the
the prerequisite understanding that the students in earlier classes to understand how they will
students have as part of the curriculum use requirements in the project.
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3.1. Project and participant selection

We propose implementing this case study with mechanical engineering capstone design teams and
analysing the same project with multiple different teams. We have selected capstone teams since the
structure of capstone design satisfies our needs for parallel teams collaborating on a project to be
completed over a significant period. Capstone is a culminating design experience for undergraduate
students, and they are expected to be familiar with the engineering design process. This makes them more
experienced than first - third year engineering students. An institutional review board (IRB) proposal for
human-subjects research will be submitted and adhered to.

Since this case study is centred around the prioritization of requirements and team alignment,
completing the case study with a single project allows for more consistent analysis. Multiple
projects would require the consideration of additional factors such as differing levels of project
complexity or the number of requirements associated with each project. Thus, multiple teams
assigned to the same project allows for assessment of how the role of requirements can impact the
problem differently for each team. The project selected for this case study must have a clear problem
that requires a novel solution. As many concepts should be possible, teams should not select a single
obvious solution.

The capstone design course selected for this case study will be one that is not taught by the researchers.
This case study will be completed by 3-5 different capstone design teams working on the same project.
Teams will be composed of 4-6 students assigned to an industry-sponsored project. We will observe
students' progression through critical checkpoints such as the preliminary design review (PDR) where the
team demonstrates that the selected design meets the system requirements, the project is within
constraints relevant to cost and schedule, and verification methods have been described (Ullman et al.,
2024). Furthermore, we will observe the critical design review (CDR) where teams are expected to
demonstrate that the design is ready for prototype fabrication, integration, and testing while confirming
the design is on track to meet all requirements and cost and schedule constraints (Kapurch, 2007).
Additionally, we will observe the final presentation of the prototype after the design has been fully
executed. Completing the case study with multiple teams engaged in the same project allows for the
interpretation of the same requirements to be observed by different teams in addition to observing
commonalities that may occur, such as challenges or setbacks. This approach also allows for a
comparative analysis of the final project deliverable presented by different teams so the research team can
assess if different approaches satisfy requirements.

3.2. Data collection

The requirements generated throughout the project will be documented using the Requirements
Authoring Design Enabler (RADE). RADE is a macro-enabled workbook developed in Microsoft
Excel that has an integrated requirement worksheet, vocabulary sheets, and an embedded user
manual. To write a complete requirement the user follows the template. Table 2 shows an example of
a complete requirement written in RADE.The data fall into four categories: automated, hybrid,
controlled, and free text. Automated data is generated from other user inputs. The data entered can be
through a controlled vocabulary (modal), free text entry (adjuncts), or a hybrid (subjects, verbs)
approach where the user can add options to a dropdown list. RADE displays the percent complete for
a requirement (subject, modal, verb, adjuncts) to help guide users into complete requirements. There
is a capability to add, modify, and delete requirements, with timestamps for each action. The
“deleted” requirements are simply struck through to allow the user to “un delete” as needed.
Messages are provided to enter different types of data in order. A separate sheet illustrates a
concatenated, integrated list of requirements for easier readability. Additional tags to the
requirements include stakeholder, owner, criticality, risk, and justification. Each team will be
asked to write their requirements in RADE and upload a form online every two weeks. RADE will be
used to track the changes of the requirements throughout the project. To encourage submissions, the
students may be asked to present the changes submitted depending on the instructor.
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Table 2. Requirements authoring elements

Column Input
Subject (free text) The case study
Modality (controlled vocabulary) must
Verb (controlled vocabulary) be
Predicate Phrase (free text) implemented with parallel teams on the same project
Stakeholder (hybrid) Researcher
Owner (hybrid) Researcher
Criticality/Priority (controlled) 9
Risk (controlled) high
Justification (free text) We want findings of the case study to be independent of the team

3.3. Study of the individual

To understand students' individual experiences, we plan to distribute surveys for each student to
individually complete. Surveys are frequently used in capstone design to aid in understanding students'
motivations, how they approach project management, team dynamics, and individual performance
(Bessette et al., 2014; Friess & Goupee, 2020; Mostafapour & Hurst, 2020; Shah et al., 2019). The
preliminary survey will consist of what we consider to be ‘stable questions' that only need to be asked
once, such as what is the students' previous design experience, their demographics, and questions
relevant to their personality (McCrae & John, 1992), risk propensity (Meertens & Lion, 2008), and
concept design thinking style (Volpentesta et al., 2009). Once these stable individual differences are
established, we will have students submit an additional individual survey every two weeks answering

» Describe your overall objective of the capstone project.
* What driving requirements are currently influencing your decision making the most? Why?
* Describe your contributions to the project.

These are questions whose answers will likely change over the duration of the project. Ideally, these
biweekly surveys will be collected as “assignments” through the course with specific due dates. It is
recommended that the grades for the assignment be “completed” or “not completed”. A reminder and 24-
hour grace period will be used to help encourage response rates.

3.4. Study of the team (surveys and focus groups)

We will also conduct four focus groups with each team to better understand the experiences of each team
member and how they handle any conflict that arose while working on the project (Schibelius et al.,
2023). Focus groups give voice to how students navigate the influence of driving requirements and pose
questions to them in real time. The focus groups will be conducted online via Microsoft Teams and
scheduled for 45-60 minutes. The scheduled focus groups will be led by the researchers, not the instructor
of the capstone design course and the faculty contact will not be present (Table 3).

Table 3. Schedule of pre-surveys and focus groups

Iteration Activity Course Timing

1 Focus Group/Survey After problem definition/approval
2 Focus Group/Survey After PDR

3 Focus Group/Survey After CDR

4 Focus Group/Survey After final presentation to client

To aid in conducting these focus groups, an online pre-survey will be distributed to the student teams
once they have joined the meeting. The researchers will instruct the students to complete the survey and
then will use the questions to facilitate the discussion. The questions serve as a guide for the conversation,
but the conversation will be open-ended, allowing for students to freely discuss their experiences
(Wentzky & Summers, 2020). By distributing the pre-survey prior to starting the discussion, students will
be familiar with the questions and how the conversation will be guided, reducing anxiety or concern that
may accompany speaking out in front of the team. The open response questions for iterations 1-3 are:
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* What requirements are currently giving you the greatest challenge?
* What is the project plan for the next two weeks?

* Qpverall, is the team functioning better or worse than before? Why?
* Is there anything else you would like to share?

For the last focus group, after the final presentation, the team will be asked:

* Opverall, did the team function well? Why?
* What would you change about the project choices that your team made?

In addition to these conversation prompts, a motivation survey (Linnerud & Mocko, 2013) and
psychological safety survey (Arpini-Lorenzoni et al., 2024) will be deployed for each iteration.

At the conclusion of the focus group, transcripts will be immediately downloaded, de-identified, and
securely stored online with restricted access. Within a day of each focus group, a summary of the points
discussed will be sent to each member of the team for their immediate review and feedback. To adhere to
action-based research principles and ethical guidelines, the instructor of the course and the faculty contact
of the team will be notified if any problems develop between team members that have the potential to
harm physical or emotional wellbeing.

Additionally, the faculty assigned to each capstone team will be surveyed to understand their
involvement with the project and how they perceive the team's progress. Specifically, the faculty will
be asked about their observations of the team dynamics, whether the team was pursuing the best path,
and what the team could improve on. Beyond this, the faculty are surveyed for context of the project
within their specific curriculum, using an approach similar to (Howe & Goldberg, 2019). This
additional perspective will be useful in triangulating our own observations from the surveys and focus
group discussions. The survey will be emailed to the faculty contact at the same frequency as the focus
groups.

3.5. Contingency plan

Our contingency and risk plan addresses potential challenges that may arise from working with multiple
capstone teams. We will monitor the progress of each team and implement regular check-ins to address
any concerns or issues early in the process. To mitigate potential biases in data interpretation, we will
employ a structured, consistent approach to observe the key milestones—preliminary design review
(PDR), critical design review (CDR), and final presentation—across all teams, ensuring that each team's
interpretation of requirements and their alignment with system constraints is accurately captured.
Teams may face unique challenges. We will ensure that our data collection framework is flexible enough
to account for team-specific variances while maintaining analysis consistency. If a team experiences
delays that affect their ability to meet key project deliverables, we will adjust our observation schedule,
possibly extending or shifting deadlines for specific checkpoints. In cases where psychological safety or
conflicts arise within teams, we will work closely with faculty or project advisors to provide support and
foster open communication. Lastly, to minimize risk related to the comparability of the final deliverables,
we will standardize evaluation metrics for the design solutions presented at the final presentation,
ensuring that we can assess how each team approaches the same requirements while considering
differences in strategies and results.

4. Analysis plan

Toward answering the motivating research question, the analysis centres on exploring factors that lead to
narrative misalignments within the design team. This is done by a mixed-methods analysis plan that
brings together the study of the individual (demographics, Five Factor Personality Scale, Risk
Propensity, CD-TSI, and bi-weekly written responses) with the study of the team (motivation surveys,
psychological safety surveys, written responses, and focus group transcripts). Correspondingly, the plan
includes a mixture of quantitative and qualitative data. The expectation is that the analysis of the surveys
and written responses collected from each individual at the beginning of each focus group and the focus
group transcripts will allow one to identify narrative misalignments within the design team. The data
collected from the study of the individual is used to triangulate the factors and evolution of the narrative
misalignment within the design team.
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4.1. Thematic analysis of focus group transcripts and written responses

A graduate student will read a sampling of the transcripts to familiarize themselves with the dataset. The
student will conduct an initial reading, making notes of recurring ideas and concepts. The data will be
systematically coded, with key phrases identified and related to specific themes. After coding has been
completed, the codes will be grouped into broader themes that capture main patterns. Themes will be
refined by reviewing them for relevance and ensuring they accurately represent the data. This process
will be completed by multiple researchers to ensure interrater reliability. Finally, the themes will be
interpreted in relation to the motivating research question. Our process will remain flexible, revisiting the
data and themes as necessary to ensure a comprehensive and nuanced understanding.

After we have developed themes from the focus group transcripts, we will use the motivation and
psychological safety surveys and written responses to further triangulate our qualitative findings.

4.2. Quantitative analysis of surveys

The motivation survey can be analysed by evaluating respondents' ratings on various intrinsic and
extrinsic factors, identifying patterns or correlations with themes that emerged from the focus group
discussions. Psychological safety surveys, on the other hand, can be analysed by assessing the extent to
which participants feel comfortable expressing themselves within their teams, comparing this data with
focus group insights about team dynamics and individual behaviours. All surveys (Five Factor
Personality Scale, Risk Propensity, CD-TSI, motivation surveys, psychological safety surveys) will be
subjected to statistical techniques, such as factor analysis or regression models, to identify key variables
that link decision-making to a driving requirement. Cross-referencing the results from the surveys with
the qualitative data from focus groups and written responses provides a robust framework for
triangulating our study of the team.

4.3. Anticipated findings

We bring together this data with the goal of identifying the driving requirement of each team member,
characterizing their mindset, and connecting these factors to their perceived best direction forward. We
will look for cases where there are differences in perceived best direction forward (i.e. inconsistency
within the group) and use our analysis to explain why such narrative misalignment occurs.

5. Design research community: a call to pre-register

This paper was written to both present a systematic research plan to conduct a case study and to present
the argument for why pre-registering research plans, such as this, are critical. In laying out the plan on
how to conduct the case study, the community has an opportunity, through the rigorous ICED review
process, to provide critical feedback on the design of the case study. This feedback can be integrated into
the study before being conducted. Moreover, as the case study is pre-registered with the research
community, any questions about the quality or validity of the designed study have been addressed prior
to conducting the study. We seek to use this as a template for how others can pre-register their research in
the community to help improve the research rigor.

By pre-registering the case study and having community review and approval, concerns about null-
results from the study are mitigated. Should this case study find no significant relationships between the
requirements evolution and narrative misalignment, the findings can still be presented in future
conferences and journals. Thus, the bias of researchers in skewing their study design to yield publishable
(significant) results should be minimized.

Finally, with pre-registering case study plans, the community is encouraged to replicate the same study
earlier without bias towards results. Replication supports theory validation without infringing on the
original study developer's intellectual property. This provides a roadmap for the community in how to
establish quality standards and expectations without creating onerous demands. Rather, the idea of
proposing the research plan to the community to get feedback and endorsement should provide value to
both the researcher and the community.

References

Arpini-Lorenzoni,A., Hart,R., Polk,T.-W., & Murphy,A.R. (2024). Examining the longitudinal psychological safety
of mentored senior capstone design teams. International Design Engineering Technical Conferences and
Computers and Information in Engineering Conference, 88407, VOO6T06A003.

2628 ICED25



Asgher-Nadeem,M., Hasnain,M., Saleemi,M.M., Awais-Mohsin,M., Adeel-Ansari,M., & Essalah,W. (2024).
Challenges in requirements engineering for IoT solutions. Journal of Computing & Biomedical Informatics,
6(2). https://doi.org/0.56979/602/2024

Barcelos,L. V., Antonino,P.O., & Nakagawa,E.Y. (2024). Requirements engineering in Industry 4.0: State of the
art and directions to continuous requirements engineering. Systems Engineering, 27(5), 955-971. https://doi.
org/10.1002/SYS.21753

BerntssonSvensson, R., & Torkar,R. (2024). Not all requirements prioritization criteria are equal at all times: A
quantitative analysis. Journal of Systems and Software, 209, 111909. https://doi.org/10.1016/J.JSS.2023.
111909

Bessette,A., Okafor,V., & Morkos,B. (2014). Correlating student motivation to course performance in capstone
design. International Design Engineering Technical Conferences and Computers and Information in
Engineering Conference, 46346, VO03T04A004.

Bucciarelli,L.. (1996). Designing engineers. MIT Press.

Carrillo De Gea,J. M., Nicol4s,J., FernandezAleman J. L., Toval,A., Ebert,C., & Vizcaino,A. (2012). Requirements
engineering tools: Capabilities, survey and assessment. Information and Software Technology, 54(10), 1142—
1157. https://doi.org/10.1016/J.INFSOF.2012.04.005

Dain,M.-A. Le Blanco,E., & Summers,J. D. (2013). Assessing design research quality: Investigating verification
and validation criteria. International Conference on Engineering Design.

Ferguson,S. M., Retzlaff,L., Bryden,K.A., & Bryden,K.M. (2024). Narrative drives design decision-making.
Proceedings of the Design Society, 4, 965-974.

Friess,W. A., & Goupee,A.J. (2020). Using continuous peer evaluation in team-based engineering capstone
projects: A case study. IEEE Transactions on Education, 63(2), 82-87.

Garzaniti,N., Briatore,S., Fortin,C., & Golkar,A. (2019). Effectiveness of the Scrum methodology for agile
development of space hardware. 2019 IEEE Aerospace Conference, 1-8.

Gonzales,J., & Cunningham,C. (2015). The promise of pre-registration in psychological research. Psychological
Science Agenda, 29(8), 2014-2017.

Haskins,C., & Forsberg,K. (2011). Systems Engineering Handbook: A Guide for System Life Cycle Processes and
Activities. INCOSE. https://doi.org/INCOSE-TP-2003-002-03.2.1

Hein,P. H., Kames,E., Chen,C., & Morkos,B. (2022). Reasoning support for predicting requirement change
volatility using complex network metrics. Journal of Engineering Design, 33(11), 811-837. https://doi.org/10.
1080/09544828.2022.2154051

Hess,T., & Summers,J. D. (2013). Case study: Evidence of prototyping roles in conceptual design. Proceedings of
the 19th International Conference on Engineering Design (ICEDI13), DS 75-1, Design Processes.

Hong,Y., Kim,M., & Lee,S.W. (2010). Requirements management tool with evolving traceability for
heterogeneous artifacts in the entire life cycle. 8th ACIS International Conference on Software
Engineering Research, Management and Applications (SERA), 248-255. https://doi.org/10.1109/SERA.
2010.39

Howe,S., & Goldberg,J. (2019). Engineering capstone design education: Current practices, emerging trends, and
successful strategies. In Design Education Today (pp. 115-148). Springer.

Jiao,L., Chua,Z., Moon,S., Song.,J., Bi,G., & Zheng,H. (2018). Femtosecond laser produced hydrophobic
hierarchical structures on additive manufacturing parts. Nanomaterials, 8, 601. https://doi.org/10.3390/
nano8080601

Johnson,S. G. B., Bilovich,A., & Tuckett,D. (2023). Conviction Narrative Theory: A theory of choice
under radical uncertainty. Behavioral and Brain Sciences, 46, e82. https://doi.org/10.1017/
S0140525X22001157

Jones,B. D., Epler,C.M., Mokri,P., Bryant,L.H., & Paretti, M.C. (2013). The effects of a collaborative problem-
based learning experience on students' motivation in engineering capstone courses. Interdisciplinary Journal
of Problem-Based Learning, 7(2), 2.

Joo,Y.J.,Lim,K.Y., & Lee,S.Y. (2019). Project-based learning in capstone design courses for engineering students:
Factors affecting outcomes. Issues in Educational Research, 29(1), 123-140.

Kapurch,S. J. (2007). NASA Systems Engineering Handbook. NASA Special Publication.

Katz,D. (1964). The motivational basis of organizational behavior. Behavioral Science, 9(2), 131-146. https://doi.
org/10.1002/BS.3830090206

Knackstedt,S., Sutton,M., & Summers,J. D. (2023). Part change management: A case study on automotive
engineering and production; Domestic and international perspectives. ASME Open Journal of Engineering, 2.

Lee,S. H., Lin,W.C., Rudnik,J., & Rhodes,D.H. (2021). An architecting approach to transformations within the
design consulting industry: IDEO case study. Proceedings of the Design Society, 1, 405-416. https://doi.org/
10.1017/PDS.2021.41

Linnerud,B., & Mocko,G.M. (2013). Factors that affect motivation and performance on innovative design projects.
ASME 2013 International Design Engineering Technical Conferences and Computers and Information in
Engineering Conference, VOO1T04A019.

ICED25 2629


https://doi.org/0.56979/602/2024
https://doi.org/10.1002/SYS.21753
https://doi.org/10.1002/SYS.21753
https://doi.org/10.1016/J.JSS.2023.111909
https://doi.org/10.1016/J.JSS.2023.111909
https://doi.org/10.1016/J.INFSOF.2012.04.005
https://doi.org/INCOSE-TP-2003-002-03.2.1
https://doi.org/10.1080/09544828.2022.2154051
https://doi.org/10.1080/09544828.2022.2154051
https://doi.org/10.1109/SERA.2010.39
https://doi.org/10.1109/SERA.2010.39
https://doi.org/10.3390/nano8080601
https://doi.org/10.3390/nano8080601
https://doi.org/10.1017/S0140525X22001157
https://doi.org/10.1017/S0140525X22001157
https://doi.org/10.1002/BS.3830090206
https://doi.org/10.1002/BS.3830090206
https://doi.org/10.1017/PDS.2021.41
https://doi.org/10.1017/PDS.2021.41

McCrae,R. R., & John,0.P. (1992). An introduction to the Five? Factor Model and its applications. Journal of
Personality, 60(2), 175-215. https://doi.org/10.1111/j.1467-6494.1992.tb00970.x

McLellan,J. M., Morkos,B., Mocko,G.G., & Summers,J. D. (2011). Requirement modeling systems for mechanical
design: A systematic method for evaluating requirement management tools and languages. Proceedings of the
ASME Design Engineering Technical Conference, 3(Parts A and B), 1247-1257. https://doi.org/10.1115/
DETC2010-28989

Meertens,R. M., & Lion,R. (2008). Measuring an individual's tendency to take risks: The Risk Propensity Scale.
Journal of Applied Social Psychology, 38(6), 1506—1520. https://doi.org/10.1111/j.1559-1816.2008.00357.x

Milne,A., & Leifer,L. (1999). The ecology of innovation in engineering design. International Conference on
Engineering Design.

Mostafapour,M., & Hurst,A. (2020). An exploratory study of teamwork processes and perceived team effectiveness
in engineering capstone design teams. International Journal of Engineering Education, 36(1), 436—449.
Nelius,T., & Matthiesen,S. (2019). Experimental evaluation of a debiasing method for analysis in engineering
design. Proceedings of the Design Society: International Conference on Engineering Design, 1(1), 489-498.

https://doi.org/10.1017/DS1.2019.53

Peterson,M., & Summers,J. D. (2021). When worlds collide — A comparative analysis of issues impeding adoption
of Agile for hardware. International Conference on Engineering Design, Paper No. 449.

Schibelius,L., Ryan,O., & Sajadi,S. (2023). Student perceptions of teamwork, conflict, and industry preparedness
in engineering interdisciplinary capstone design. 2023 IEEE Frontiers in Education Conference (FIE), 1-9.
https://doi.org/10.1109/FIE58773.2023.10342957

Shah,D., Morkos,B., Kames,E., & Clark,M.C. (2019). Examining the differences in student motivation for industry
projects and non-industry projects in senior capstone design. 2019 ASEE Annual Conference & Exposition.

Shankar,P., Morkos,B., & Summers,J. D. (2012). Predicting requirement change propagation using higher order
design structure matrices: An industry case study. Research in Engineering Design, 23(12), 905-926.

Teegavarapu,S., Summers,J.D., & Mocko,G.M. (2008). Case study method for design research: A justification.
International Design Engineering Technical Conferences and Computers and Information in Engineering
Conference, 495-503. https://doi.org/10.1115/DETC2008-49980

Thompson,A., & Parent, M.M. (2024). Examining internal and external stakeholders' experiences with radical
change in sport organizations. Managing Sport and Leisure. https://doi.org/10.1080/23750472.2022.2134187

Ullman,D. G., Summers,J.D., & Fielding,J. (2024). Product design best practices (1st ed.). BVT Publishing.

Umar,M. A., & Lano,K. (2024). Advances in automated support for requirements engineering: A systematic
literature review. Requirements Engineering, 29(2), 177-207. https://doi.org/10.1007/s00766-023-00411-0

Veisz,D., Namouz,E.Z., Joshi,S., & Summers,J. D. (2012). Computer-aided design versus sketching: An
exploratory case study. Artificial Intelligence for Engineering Design, Analysis and Manufacturing, 26(3),
317-335. https://doi.org/10.1017/S0890060412000170

Volpentesta,A. P., Ammirato,S., & Sofo,F. (2009). Thinking style diversity and collaborative design learning. In
Leveraging Knowledge for Innovation in Collaborative Networks. PRO-VE 2009. IFIP Advances in
Information and Communication Technology, vol 307 (pp. 785-796). Springer. https://doi.org/10.1007/978-3-
642-04568-4_80

Weber,C. (2024). What does it mean: “Quality of design research”? In Marjanovic D., Storga M., & Skec S. (Eds.),
Design Research: The Sociotechnical Aspects of Quality, Creativity, and Innovation (pp. 173—186). Springer.
https://doi.org/10.1007/978-3-031-50488-4_10

Wentzky,C., & Summers,J. D. (2020). Individual differences in describing levels of automation. 25th Design for
Manufacturing and the Life Cycle Conference (DFMLC), 1-11. https://doi.org/10.1115/DETC2020-22102

Yin,R. K. (2017). Case study research and applications: Design and methods. Sage Publications.

2630 ICED25


https://doi.org/10.1111/j.1467-6494.1992.tb00970.x
https://doi.org/10.1115/DETC2010-28989
https://doi.org/10.1115/DETC2010-28989
https://doi.org/10.1111/j.1559-1816.2008.00357.x
https://doi.org/10.1017/DSI.2019.53
https://doi.org/10.1109/FIE58773.2023.10342957
https://doi.org/10.1115/DETC2008-49980
https://doi.org/10.1080/23750472.2022.2134187
https://doi.org/10.1007/s00766-023-00411-0
https://doi.org/10.1017/S0890060412000170
https://doi.org/10.1007/978-3-642-04568-4_80
https://doi.org/10.1007/978-3-642-04568-4_80
https://doi.org/10.1007/978-3-031-50488-4_10
https://doi.org/10.1115/DETC2020-22102

	Pre-registering a case study: requirements and narrative alignment in teams
	1.. Methodological motivation: pre-registering research studies
	2.. Research study: requirements and narrative alignment in teams
	2.1.. Requirements in engineering design
	2.2.. Shared motivation and alignment

	3.. Case study design
	3.1.. Project and participant selection
	3.2.. Data collection
	3.3.. Study of the individual
	3.4.. Study of the team (surveys and focus groups)
	3.5.. Contingency plan

	4.. Analysis plan
	4.1.. Thematic analysis of focus group transcripts and written responses
	4.2.. Quantitative analysis of surveys
	4.3.. Anticipated findings

	5.. Design research community: a call to pre-register



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


