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Gathering and synthesizing information during the development 

of user requirements and engineering specifications  
 

Introduction 

The development of user requirements is a key component of the front-end design phases and 

can have significant impact on product success
1
. Well-defined user requirements have been cited 

as a pivotal aspect of software development where work on effective requirements elicitation has 

been performed most extensively
2
. In addition to software development, the medical device 

industry has begun to emphasize the importance of interacting with end-users during the 

development of user requirements and engineering specifications in order to reduce medical 

mistakes caused by user errors
3
. In fact, the FDA now requires developers to interact more 

directly with their end-users during the design process in order to prevent ‘use-related hazards’
4
. 

Recently, research has also looked at the importance of eliciting accurate user requirements for 

medical devices in order to increase their safety and usability
5–7

. While the critical nature of user 

requirements within design has been the focus of previous and on-going research, the manner in 

which students learn the process of developing user requirements has not been well studied. 

Thus, we sought to understand how students use information sources during the development of 

user requirements and engineering specifications.  

 

Background 

The development of user requirements requires the designer to gather, synthesize, and use 

extensive amounts of information and data. In some cases, design projects are an engineering 

student’s first significant introduction to this type of advanced information processing. Design 

communication documents are similar to explanatory writing in that one must analyze multiple 

information sources and subsequently make decisions based upon this analysis. Furthermore, 

designers must deal with conflicting information, questionable data sources, and advanced 

technical topics.  

 

The front-end phases of design (problem definition, development of user requirements, and 

translation to engineering specifications) require a particularly large amount of information 

processing because one is just beginning to understand the design problem and must gain a deep 

understanding of the stakeholders who may be affected by the product’s design. Developing user 

requirements requires knowledge from multiple disciplines and engineering students must be 

prepared to use both technical and non-technical skillsets during this phase of design
9
. In 

addition, the fluid and changing nature of requirements runs contrary to engineering students’ 

previous coursework where one correct solution generally exists
10

.  

 

Comparisons of expert versus novice designers can also help us understand the design processes 

in which students have the most difficulty. Studies have found that novices typically spend less 

time gathering information than do expert designers, and that experts spend more time during the 

problem scoping phase of design
11

. Furthermore, final design quality for engineering students 

has been correlated to the time students spent defining the problem they were attempting to 

solve; those who spent more time defining and refining the problem tended to produce higher 

quality designs
12

. In light of the fact that expert designers spend more time than novices 

gathering information in order to better define the design problem, research is necessary to 
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understand how students engage in information gathering, and what effect this information 

gathering has on students’ design decisions.  

 

This study sought to address this knowledge gap by investigating how students gather, 

synthesize, and use information when developing user requirements and engineering 

specifications. Understanding how students process information gathered during design may 

allow instructors to counter the common mistakes students make when developing user 

requirements and engineering specifications. Furthermore, research in this topic outside of 

software engineering is needed to determine whether the lessons learned in software 

development can apply to other disciplines, such as medical device design. 

 

Research Design 

Study Purpose 

The following research questions motivated this study: 

 How do students’ plans compare with their execution of the front-end phases of design 

with respect to gathering, synthesizing, and using information? 

 Which information sources do students rely on most when developing user requirements 

and engineering specifications? 

 Why do students choose particular information or information sources during front-end 

design? 

 

Participants 

The study tracked six design teams as they developed user requirements and engineering 

specifications for their senior capstone design projects. Each design team had four students. Four 

teams consisted exclusively of mechanical engineering students and two teams each had one 

biomedical engineering student in addition to the mechanical engineering students. All students 

were enrolled in the same capstone design course. The design teams focused on the design of 

global health technologies for low-income settings (i.e., diagnostic devices, training devices, and 

medical support equipment).  

 

Data Collection 

As part of their design course, students were asked to develop a plan for how they would 

generate user requirements and engineering specifications for their projects. In this assignment 

design teams listed all the information sources they planned to use, explained how the user 

requirements would potentially be affected by the information sources, and justified why the 

information sources were important. During the following weeks students developed user 

requirements and engineering specifications for their first design report and subsequently refined 

these requirements for their second design report. These three documents (the plan, the first 

design report, and the second design report) comprised the documented data that was collected 

for the research study. Subsequently, semi-structured interviews were conducted with four of the 

design teams. During these interviews, teams were asked to comment on how and why their 

plans differed from their actual approach. Interviews were transcribed for data analysis. The 

Institutional Review Board of the University of Michigan approved this study, and informed 

consent was obtained from all subjects before interviews began. 
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Data Analysis 

The three written documents were qualitatively coded using the following methodology. First, all 

information sources that design teams used were identified. These were grouped into eleven 

general and exhaustive categories (as seen in Figure 2). Second, information sources were tallied 

for each user requirement in order to determine:  1) the total number of distinct information 

sources teams planned to use versus the number they actually used to develop user requirements 

and engineering specifications, and 2) the types of information sources that contributed to each 

user requirement/engineering specification pair. The interview transcripts were qualitatively 

analyzed using an iterative inductive coding strategy to identify the prominent themes that 

emerged during the interviews
13

. Established guidelines for theme identification were used to 

analyze the data
14

. Coding was iterated until changes ceased to be made to themes. 

 

Results 

To answer our first research question, we compared the average number and standard deviation 

of information sources students planned to consult per user requirement/engineering 

specification pair with the average number and standard deviation of information sources they 

actually used per user requirement/engineering specification pair in the teams’ design reports. 

The results are presented in Figure 1. The number of information sources students planned to 

consult was consistently greater than the actual number of information sources that students used 

to develop user requirements and engineering specifications. Furthermore, all teams used, on 

average, less than two information sources per user requirement/engineering specification pair 

(average for all teams was 1.5 information sources per user requirement/engineering 

specification pair). One can see from Figure 1 that students planned to consult a much larger 

number of information sources than they ended up using. This indicates that while they may have 

seen value in using varied information sources, they did not implement this strategy into their 

design projects. 

 
Figure 1: Average number of distinct information sources students planned to use and then 

used per user requirement; error bars indicate the standard deviation. 
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Our second research question sought to determine which information sources students relied 

upon most heavily. The qualitative analysis of the students’ plans and design reports provided 

the total number of instances of when each information source was mentioned. These results are 

displayed in Figure 2. The categories of information sources in Figure 2 are exhaustive; i.e., 

students did not cite any information sources not captured in the categories in Figure 2. Certain 

information sources featured heavily in the plans that teams developed but then did not heavily 

influence their actual user requirements or engineering specifications. Most noticeably, end-users 

(or proxy end-users) as well as other stakeholders featured extensively in the design teams’ 

plans, but were almost completely absent from their design reports. Furthermore, information 

sources in the three categories of research, benchmark/patents, and online resources were all 

used more extensively in the development of user requirements/engineering specifications than 

the students had planned. 

 

 
Figure 2. Cumulative number of information sources students planned to and consulted 

during the development of user requirements and engineering specifications. 
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Our final research question sought to understand why students emphasized particular information 

sources when developing user requirements and engineering specifications. Several reasons 

emerged during the semi-structured interviews.  

 

One cause of students’ reduced use of end-users and other stakeholders as information sources 

was students’ view that end-users and other stakeholders were most useful towards the end of the 

design process, during product validation. One team described how they would consider 

interacting with end-users once they had a prototype developed and were ready for product 

testing.  

 

“The big thing is testing, we don't have access to [end-users] because that requires a lot of 

approval. [The end-users] wouldn’t help us develop the [concepts], but once we [have] a 

prototype, they [will] help us refine… some of the requirements.” 

 

This team did not consider that speaking with end-users could have supplied them with valuable 

information. Later on in the semester, the team did speak with end-users and received negative 

responses to their design concept, forcing them to drastically redesign. Pursuing a design concept 

that was unwanted by end-users could have been prevented had the students engaged end-users 

in the development of the user requirements and engineering specifications during the early part 

of the semester. Perceiving end-users and other stakeholders as important only in product 

evaluation could have contributed to the significant reduction in use of these information 

sources. 

 

Another contributing factor to the reduction in end-users and other stakeholders as information 

sources for user requirements and engineering specifications is students’ perception of the 

appropriateness of these information sources. During interviews, design teams spoke to the fact 

that interviews did not represent reliable information sources and that academic literature or 

benchmarking were more appropriate. One team described this during their interview. 

 

“[For] a lot of [the user requirements] we had support from observations or interviews but 

felt that we needed literature to…secure it and back it up.”  

 

The team made a similar comment later on indicating how literature was a better information 

source than interviews. 

  

 “…We cited the literature, since it was just more concrete than [an] interview.” 

 

The team quoted above had performed extensive observations and interviews in order to define 

their project and develop user requirements. However, they emphasized that academic literature 

represented a better source for developing user requirements and engineering specifications. 

Other teams may have had similar perceptions on the use of interview data and this may have 

caused them to discount these information sources altogether. While design teams should be 

encouraged to seek verification within academic literature and benchmarking, this shouldn’t 

cause them to abandon other sources of information entirely.   
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Discussion  

Ideally, student teams would consult a variety of information sources and synthesize this 

information in order to develop user requirements and engineering specifications. This would 

lead to an iterative process where user requirements and engineering specifications are refined 

and changed as more information and multiple perspectives are introduced. A review of industry 

experts in requirements engineering demonstrated that graduating engineers need this type of 

experience in order to be prepared to begin design work within an industry setting 
10

.  

 

Within this study, however, we found that students planned to consult many information sources 

when developing user requirements and engineering specifications, but in practice they tended to 

rely on a much smaller number of sources and active synthesis of information was not commonly 

performed. On average, teams used 1.5 information sources per user requirement/engineering 

specification pair that they developed. The discrepancy between plans and execution of user 

requirements and engineering specifications indicates that students faced too many challenges 

when synthesizing information or deemed it to be unnecessary in order to develop effective 

requirements.  

 

It was also noted that some planned information sources were much more likely to be abandoned 

during the development of user requirements and engineering specifications than others. For 

example, end-users and other stakeholders featured prominently within the design teams plans, 

however, they were largely unused when actually developing user requirements and engineering 

specifications. Interviews revealed that students viewed end-users and stakeholders primarily as 

a means for testing and evaluating their products and that interviews and observations were not 

as appropriate as benchmarking and academic literature. Changing this perception through the 

use of real world case studies that demonstrate the vital nature of end-users and stakeholders 

during the product development process may help to counter students’ current views and push 

them to incorporate more varied perspectives into their design process. 

 

We note two limitations to this study. First, design teams within this study worked on the design 

of medical devices, a field with which most engineering students have limited experience. This 

may have added complexity to the task of developing user requirements and engineering 

specifications and may have contributed to the teams’ use of a more limited number of 

information sources. Furthermore, the end-users of medical devices (doctors, nurses, patients, 

etc.) may not have been as easily accessible as the end-users of typical consumer products and 

may have contributed to design team’s minimal use of end-users and other stakeholders. Second, 

the design teams may have thought they were only supposed to cite their most reliable source of 

information in their design reports. Therefore, synthesis may have occurred but was simply not 

reflected in the students’ writing. Future studies will address these limitations by expanding 

beyond medical device design teams and expanding the interview protocol to have students 

explicitly state all information sources consulted (regardless of their presence in the design 

reports). Future studies will also attempt to isolate confounding variables, such as time pressure 

and difficulty accessing information sources, that may have prevented students from gathering 

and synthesizing multiple information sources while developing user requirements and 

engineering specifications. 
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Conclusion 

This study focused on assessing students as they gathered, synthesized, and used information to 

develop user requirements and engineering specifications. While students originally planned to 

perform extensive gathering and synthesis, in the end they only referred to a small number of 

information sources for each user requirement/engineering specification pair. This discrepancy 

indicates that while they may see theoretical value in consulting a variety of information sources, 

in practice, they encounter too many challenges or constraints to implement these plans. 

Interviews revealed that certain information sources (such as end-users and stakeholders) may be 

ignored due to a perception that they are inferior. Correcting this misperceptions and 

demonstrating how user requirements and engineering specifications are improved through the 

incorporation of multiple information sources is key to improving students’ ability to perform 

front-end design. Furthermore, capstone and other design courses can demonstrate that even if 

multiple information sources may not always agree, it is the designer’s job to synthesize the 

information until a coherent user requirement and engineering specification is developed. 
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