
Paper ID #19178

Does Interdisciplinary Collaboration Alter Student Perceptions of their Dis-
ciplines? A Case Study of a User-Centerd Design Experience for Mechanical
Engineering and Early Childhood Education Students

Prof. Jenni Buckley, University of Delaware

Dr. Buckley is an Assistant Professor of Mechanical Engineering at University of Delaware. She received
her Bachelor’s of Engineering (2001) in Mechanical Engineering from the University of Delaware, and
her MS (2004) and PhD (2006) in Mechanical Engineering from the University of California, Berkeley,
where she worked on computational and experimental methods in spinal biomechanics. Since 2006, her
research efforts have focused on the development and mechanical evaluation of medical and rehabilitation
devices, particularly orthopaedic, neurosurgical, and pediatric devices. She teaches courses in design,
biomechanics, and mechanics at University of Delaware and is heavily involved in K12 engineering edu-
cation efforts at the local, state, and national levels.

Dr. Amy Trauth-Nare, University of Delaware

Amy Trauth-Nare, Ph.D., is the Associate Director of Science Education at the University of Delaware’s
Professional Development Center for Educators. In her role, Amy works collaboratively with K-12 sci-
ence and engineering teachers to develop and implement standards-based curricula and assessments. She
also provides mentoring and coaching and co-teaching support to K-12 teachers across the entire tra-
jectory of the profession. Her research focuses on teacher education, classroom assessment, and P-16
environmental and engineering education.

Dr. Lynn Jensen Worden, University of Delaware
Dr. Jennifer Gallo-Fox

Jennifer Gallo-Fox is an assistant professor in the Early Childhood Program in the Department of Human
Development and Family Studies at the University of Delaware. Her research focuses on early childhood
science education and teacher education.

c©American Society for Engineering Education, 2017



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Does interdisciplinary collaboration alter students’ perceptions of 

their disciplines? A case study of a user-centered design 
experience for mechanical engineering and early childhood 

education students 
  

Jenni Buckley, PhD1, Amy Trauth, PhD2, Lynn Worden, PhD2, and Jennifer 
Gallo-Fox, PhD2 

 
1 College of Engineering, University of Delaware, Newark, DE  
2 College of Education and Human Development, University of Delaware,    
  Newark, DE 
 

 
  



Does interdisciplinary collaboration alter students’ perceptions of their disciplines? A case 
study of a user-centered design experience for mechanical engineering and early childhood 
education students 
 
Abstract 
Interdisciplinary collaboration between undergraduate students in engineering and non-
engineering disciplines is mutually beneficial. For the engineering students, such collaborations 
provide opportunities to practice effective communication and to utilize their technical expertise 
in a broader social and societal context; and, for the non-engineers, collaboration demystifies the 
engineering profession, contextualizes prior STEM knowledge, and, in some instances, allows 
for the physical realization of concepts through hands-on design and prototyping. The benefits of 
interdisciplinary collaboration are best realized when students view each other’s respective 
skillsets and chosen professions as being valuable and necessary in achieving the ultimate goals 
of the group. The origin and nature of students’ beliefs about dissimilar professions warrants 
further investigation, particularly as it relates to interdisciplinary collaborative experiences, 
which have the potential to reshape, either positively or negatively, a priori beliefs about peer 
collaborators.  
 

The purpose of this case study was to characterize the impact of an interdisciplinary 
collaboration on engineering and non-engineering undergraduate students’ perceptions of their 
peers in dissimilar professions. The setting for the study was a mid-sized, research-intensive land 
grant university in the eastern US, where second and third-year mechanical engineering (ME) 
and early childhood education (ECE) students were placed on interdisciplinary teams and tasked 
with designing and fabricating a novel toy for young children that promotes constructive play. 
Online surveys were administered prior to and after this one semester course and focused on: (1) 
a priori knowledge and experience of the other group’s subject area; (2) effect of 
interdisciplinary project on interest in other group’s subject area; and (3) perceptions of other 
group’s profession and/or their skills.  

 
Survey results showed that neither ME nor ECE students had a prior exposure to the 

other discipline. After completing the course, ME students perceived that they knew more about 
child development, play, and the design of children’s toys, and ECE students reported they better 
understood the types of engineering disciplines. Interesting, ECE students less positively rated 
their ME counterparts post versus pre-course in the following areas: “very good at math & 
science,” “hardworking,” “good communicators,” and “intense.” Both ECE and ME students 
finished the course with balanced perceptions of their own disciplines relative to their 
counterparts. Both ECE and ME cohorts, on average, agreed that their counterparts’ professions 
were equally legitimate and disagreed that there was a discrepancy in rigor between ECE and 
ME. ECE students solidly agreed that ME was a more valued discipline, although ME students 
were more neutral on this view.  

 
These findings suggest that engineering students have little content knowledge or 

experience in disparate fields, such as in this case child development and education, and benefit 
from interdisciplinary collaboration both in terms of content knowledge and developing a healthy 
appreciation for outside expertise. The collaboration also benefited the non-engineering students 
by demystifying the field of engineering, potentially alleviating “imposter syndrome” by 



normalizing team performance expectations, and providing some literacy of the engineering 
design process. In the case of early childhood education students, these altered perceptions of the 
engineering discipline may have impact on their self-efficacy for teaching science and 
engineering (Maier et al., 2013; Kallery 2004; Watters et al., 2000); as such their teaching in 
these two content areas may positively influence the perceptions of engineering by their future 
students, particularly females and minorities. This study adds to the growing body of research on 
the benefits of interdisciplinary collaboration at the undergraduate level, particularly as it relates 
to shifting perceptions of the involved disciplines (Brown et al., 2014; Burrows, 2015; Falloon 
and Trewern, 2013; Harris Willcuts, 2009; Jeanpierre et al., 2005; and Lee, 2004. 
 
Introduction 

Interdisciplinary collaboration between undergraduate students in engineering and non-
engineering disciplines is mutually beneficial. For the engineering students, such collaborations 
provide opportunities to practice effective communication and to utilize their technical expertise 
in a broader social and societal context (Gruenther, 2009; Bailey, 2007; Hotaling, 2012). For the 
non-engineers, collaboration demystifies the engineering profession, contextualizes prior STEM 
knowledge, and, in some instances, allows for the physical realization of concepts through 
hands-on design and prototyping. The benefits of interdisciplinary collaboration are best realized 
when students view each other’s respective skillsets and chosen professions as being valuable 
and necessary in achieving the ultimate goals of the group. The origin and nature of students’ 
beliefs about dissimilar professions warrants further investigation, particularly as it relates to 
interdisciplinary collaborative experiences, which have the potential to reshape, either positively 
or negatively, a priori beliefs about peer collaborators. 

 
This work represents a case study of a project-based collaboration between mechanical 

engineering and early childhood education students, which was motivated in no small part by 
national trends in K12 education. With the publication of the Framework for K-12 Science 
Education (National Research Council, 2012), emphasis is now placed on the integration of 
engineering principles and practices into formal science education. Understanding factors, such 
as the learning opportunities afforded in preservice education, is essential for preparing future 
educators to meet education standards. Research indicates the need for preservice teachers to be 
proficient with the engineering design process; this can be accomplished through systematic 
engagement in design problems and challenges that allow them to act as engineers while drawing 
on their own expertise about teaching and learning (Brophy et al., 2008; Hsu, et al., 2011).  

 
The purpose of this study was to examine a semester-long interdisciplinary collaboration 

between mechanical engineering and early childhood education undergraduate students to 
determine if interdisciplinary collaboration impacted participants’ perceptions of one another’s 
fields. Previous research on collaborations between K-12 teachers and STEM faculty have 
focused on middle grades (grade 6-8) or secondary education (grade 9-12) – see for example, for 
example, Brown et al. (2014), Burrows (2015), Falloon and Trewern, (2013), Harris Willcuts, 
(2009), Jeanpierre et al. (2005), and Lee, (2004). Few studies have investigated partnerships 
between engineers and early childhood educators. In this study, we hypothesized: 
(1) Engineering students would have little to no experience and relatively negative perceptions 

of early childhood education and child development relative to their own discipline, but 
perceptions would become more positive through collaboration, and  



(2) Early childhood education students would have little to no experience with engineering but 
highly positive perceptions of the field. Through collaboration, their perceptions of engineers 
and engineering would be high before collaboration and remain high. 

 
Science and Engineering in Early Childhood Education 
With the publication of the Framework for K-12 Science Education (National Research Council, 
2012), emphasis is now placed on the integration of engineering principles and practices into 
formal science education. Understanding factors, such as the learning opportunities afforded in 
preservice education, is essential for preparing future educators to meet education standards. 
Research indicates the need for preservice teachers to be proficient with the engineering design 
process; this can be accomplished through systematic engagement in design problems and 
challenges that allow them to act as engineers while drawing on their own expertise about 
teaching and learning (Brophy et al., 2008; Hsu, et al., 2011). Moreover, Hotaling et al (2012) 
suggested that engineering should be holistically connected to the intellectual components of the 
fields for which designs are produced. Working collaboratively on interdisciplinary teams 
affords engineering students with opportunities to experience and demonstrate criteria of 
successful engineers, including the ability to integrate mathematics, science, and engineering; 
design products and processes that meet the needs of users; demonstrate ethical responsibility 
and communicate effectively. 
 

Like their elementary counterparts, early childhood educators often report negative 
attitude towards teaching science, lack of confidence due to inadequate science knowledge, and 
lack of resources including instructional time, classroom space and instructional materials (Maier 
et al., 2013; Kallery 2004; Watters et al., 2000). Nonetheless, several projects have reported 
successful outcomes in integrating science and engineering into early childhood education. Van 
Meetren and Zan (2010) outlined the use of block centers in early childhood classrooms to 
engage children in engineering design of ramps and pathways. Brophy and Evangelou (2007) 
found children’s design activities were sophisticated; they were constructing beyond a visual 
representation to an actual structure. Data indicated young children employed details of physical 
properties to allow them to create increasingly complex designs that worked within the 
governing properties of physics. In sum, engineering design-based instruction can support 
students in developing initial or deeper conceptual understanding, depending on context, of 
domain-specific content knowledge and support proficiency in science and engineering practices 
(Brophy et al., 2008; NRC, 2012; NGSS Lead States, 2013; Roth, 1996). 
 
Methods 

Context and Participants. This study took place at a medium-sized land grant university 
in the eastern United States. Students from two separate undergraduate programs, Mechanical 
Engineering (ENG) and Early Childhood Education (ECE) participated in the study. Participants 
were enrolled in one of three courses; namely, ENG students were enrolled in a 200-level design 
course that covered 3D drafting and modeling, while ECE students were enrolled in either a 400-
level course on inclusive curriculum and assessment for infants and toddlers, or a 400-level 
course on integrated early childhood teaching that emphasized science curriculum, instruction 
and assessment for young children, birth through primary grades. See Appendix A for 
institutional IRB approval. 

 



Participants were randomly assigned to interdisciplinary teams that consisted of three or 
four ENG students and one or two ECE students. The teams were tasked with designing, 
constructing, and field testing a novel toy that was intended to promote constructive play (Drew, 
et al., 2008) among toddlers and preschool-aged children. In preparation for this project, ECE 
students were provided with instruction on hands-on prototyping techniques and ENG students 
were provided with instruction on play and child development. Student teams were expected to 
meet at least weekly outside of normal class time to work on their toy projects. Teams were 
evaluated on project deliverables including a toy design proposal with rationale for how it 
aligned with the developmental needs of a particular age group and a final design report that 
included field notes from testing with children targeted by their toy design (see Appendix B for 
sample assignment guidelines given to students). Figure 1 illustrates several final projects 
submitted by the interdisciplinary teams. 

 
Data Sources and Analysis. Online surveys using Qualtrics were administered to ENG 

and ECE students at two time intervals: at the start of the semester before projects were 
introduced (pre) and at the end of the semester after all project deliverables were submitted 
(post). Survey questions for both groups focused on several key issues: (1) a priori knowledge 
and experience of the other group’s subject area, e.g., childhood development for engineering 
students (pre-survey only); (2) effect of interdisciplinary project on interest in other group’s 
subject area (post-survey only); and (3) perceptions of other group’s profession and/or their skills 
(pre- and post-surveys). All matched survey items (pre- and post-) were forced choice with 5-pt 
Likert scales. Some pre-survey items had 3-point Likert scales. 

 
Pre- and post-survey responses were compared using repeat-measures one-way ANOVA 

(JMP Pro v12). For post-course survey data only, responses common to both ECE and ME 
groups were compared using one-way ANOVA. Items that were only included on either the pre- 
or post-surveys were analyzed using descriptive statistics.  
 

	 
Figure 1. Sample toy design projects submitted by interdisciplinary ENG-ECE teams. Shown 
from left to right: pull-toy snail with rotating “shell,” ECE student working with young child on 
a toy that highlights basic shapes, and a young child assembling a bathtub “coral” mini-reef toy. 
 
 
 
 



Results 
The response rate for all surveys was high, with 45 of 47 ECE students responding (40 

pre-post matched pairs) and 137 of 147 ME students (95 matched pairs). Prior to this course, 
87% of ME students reported no exposure to child development theory in K-12 or college 
coursework. They also had little experience with young children, interacting with them, on 
average, monthly and mostly at family gatherings (51% respondents). Prior to the course, ECE 
students stated that they had little or no interest in pursuing engineering (2.31±1.40 on 5-pt 
Likert) nor they did receive encouragement to do so (1.18±0.39 on 3-pt Likert); and they 
interacted with engineers once or twice annually. None of the ECE students in our study had 
taken engineering courses prior to or during college. 

 
After completing the course, ME students perceived that they knew more about child 

development, play, and the design of children’s toys (Table 1). After the course, they also less 
strongly agreed that their ECE counterparts would have relatively stronger interpersonal and 
communication skills, rating them as similar skill levels to their own. Moreover, after the course, 
ECE students reported they better understood the types of engineering disciplines (Table 2); ECE 
students had lower perceptions of engineering students personal characteristics after the course, 
as indicated by lower mean scores related to ME students as “very good at math & science,” 
“hardworking,” “good communicators,” and “intense.” 
 
Table 1. Comparison of pre- and post-survey responses by ME students. All items included a 5-pt 
Likert scale: Strongly agree (5), Somewhat agree (4), Neither agree nor disagree (3), Somewhat 
disagree (2), Strongly disagree (1). 

  Pre Post Repeat Measures ANOVA 

Survey Items M SD M SD F (DF) p Effect 
Size 

How much do you know about the following?   
Interacting with young children (birth to 
8 years) 3.91 0.61 3.78 0.61 1.01 (95) 0.316  
Child development 2.46 0.51 3.03 0.51 30.71 (95) <0.001 0.57 
Play and the types of play 2.41 0.49 3.31 0.49 80.37 (94) <0.001 0.89 
Purposeful design of children's toys to 
promote play 2.38 0.50 3.82 0.50 203.97 (95) <0.001 1.45 

What is your overall perception of 
individuals who specialize in 
education? 

4.11 0.39 4.20 0.39 1.10 (95) 0.296   

Please state your agreement with the following statements. Compared to my colleagues in engineering, I 
believe education students… 
Have better interpersonal skills. 3.96 0.45 3.76 0.45 4.75 (94) 0.032 0.20 
Are in a more rigorous discipline. 2.23 0.54 2.32 0.54 0.73 (95) 0.396  
Have better oral and written 
communication skills. 3.68 0.52 3.36 0.52 8.68 (95) 0.004 0.31 

Work harder at their chosen profession. 2.79 0.45 2.84 0.45 0.32 (95) 0.572  
Are more valued by society. 2.73 0.51 2.82 0.51 0.82 (94) 0.369  
Can understand and interpret data 2.56 0.44 2.49 0.44 0.65 (95) 0.422  



trends. 

Are equally legitimate professionals. 4.17 0.53 4.09 0.53 0.46 (95) 0.501   
 
Table 2. Comparison of pre- and post-survey responses by ECE students. All items included 5-pt 
Likert scale. 

  Pre Post Repeat Measures ANOVA 

Survey Items M SD M SD F (DF) p Effect 
Size 

How much do you know about the following?   
The different disciplines of 
engineering 2.34 0.64 3.07 0.64 13.29 (40) <0.001 0.73 

Math and science concepts in 
engineering 2.44 0.52 2.73 0.52 3.07 (40) 0.077  
The engineering design process 2.22 0.87 2.61 0.87 2.05 (40) 0.160  
What an engineer does day-to-day 2.39 0.78 2.63 0.78 1.00 (40) 0.323  
The characteristics necessary to 
become an engineer 2.73 0.94 2.54 0.94 0.44 (40) 0.509  
Career options for engineers 3.02 0.94 2.61 0.94 1.99 (40) 0.167   
Please state your level of agreement with the following statements. Engineers are…   
Very good at math & science 4.83 0.31 4.44 0.31 15.85 (40) <0.001 0.39 
Hardworking 4.71 0.35 4.46 0.35 4.99 (40) 0.031 0.24 
Diverse 4.00 0.56 3.98 0.56 0.02 (39) 0.889  
Able to fix anything 3.34 0.47 3.32 0.47 0.03 (40) 0.868  
Creative 4.39 0.38 4.17 0.38 3.43 (40) 0.071  
Good communicators 3.71 0.55 3.29 0.55 5.88 (40) 0.020 0.41 
Intense 3.90 0.34 3.61 0.34 7.59 (40) 0.009 0.29 
What is your overall perception of 
engineers and the engineering 
profession? 

3.84 0.38 3.92 0.38 0.42 (36) 0.520   

Please state your agreement with the following statements. Compared to my colleagues in education, I 
believe engineering students… 
Have better interpersonal skills. 2.41 0.44 2.44 0.44 0.03 (40) 0.860   
Are in a more rigorous discipline. 3.07 0.49 2.95 0.49 0.64 (40) 0.430  
Have better oral and written 
communication skills. 2.32 0.56 2.29 0.56 0.02 (40) 0.891  
Work harder at their chosen 
profession. 2.24 0.43 2.22 0.43 0.03 (40) 0.855  
Are more valued by society. 3.98 0.53 4.00 0.53 0.02 (40) 0.884  
Can understand and interpret data 
trends. 3.71 0.47 3.68 0.47 0.03 (40) 0.868  
Are equally legitimate professionals. 4.34 0.43 4.44 0.43 0.53 (40) 0.472   

 
Both ECE and ME students finished the course with balanced perceptions of their own 

disciplines relative to their counterparts (Figure 2). Both ECE and ME cohorts, on average, 
agreed that their counterparts’ professions were equally legitimate and disagreed that there was a 
discrepancy in rigor between ECE and ME. ECE students solidly agreed that ME was a more 



valued discipline, although ME students were more neutral on this view. On average, ME 
students stated that they were more likely to take ECE coursework after completing this course 
(2.38±1.22 on 3-pt Likert). However, this trend did not hold for ECE students, who stated that 
they were less likely to take ME coursework (1.43±0.69 on 3-pt Likert), despite some increased 
interest in engineering and STEM following the course (3.40±1.01 on 5-pt Likert). 

 

 
Figure 2. Post-course survey responses from ME (n=95) and ECE (n=40) cohorts to: “Please 
state your level of agreement with the following statements. Compared to my colleagues in 
[ME/ECE], [ECE/ME] students…” Bar chart represents M ± SD for ME vs. ECE students using 
one-way ANOVA (*p<0.05). 
 
Discussion and Implications 

These findings suggest that engineering students have little content knowledge or 
experience in disparate fields, in this case child development and education, and benefit from 
interdisciplinary collaboration both in terms of content knowledge and developing a healthy 
appreciation for outside expertise. The collaboration also benefited the non-engineering students 
by demystifying the field of engineering, potentially alleviating “imposter syndrome” by 
normalizing team performance expectations, and providing some literacy of the engineering 
design process. In the case of early childhood education students, these altered perceptions of the 
engineering discipline may have an important carry-over effect with their future students, 
particularly women and minorities.  
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Standards for the preparation of teachers for engineering education proposed by Reimers, 
Farmer, and Klein-Gardener (2015) indicate that professional development for teachers should 
address the fundamental nature, content, and practices of engineering in order to promote 
engineering content knowledge. Professional development experiences that allow 
interdisciplinary teams of teachers to engage in engineering design activities serve to promote 
connections among STEM disciplines (Donna, 2012), especially science and mathematics.  
The intervention used in this study was intended to promote collaboration among early childhood 
education and engineering students in order to enhance knowledge of one another’s disciplines.  
 

Gruenther et al. (2009) and Bailey (2007) reported that engineering students on 
multidisciplinary teams had significant gains in their understanding of the importance of user 
wants and design constraints than did students on single discipline teams. These findings and 
ours suggest that engineering students benefit from interacting with those outside of their 
discipline, and in the case of this study, wherein engineering students interacted with early 
childhood education students. Moreover, our results indicated that preservice teachers (i.e., ECE 
students) perceived they had a better understanding of engineering after participating on 
interdisciplinary teams with engineers. Enhancing early childhood educators’ perceptions of 
science and engineering is important, as previous research indicates that they often have negative 
beliefs and attitudes about these fields and are reluctant to teach science and engineering content 
and skills to students (Choi, 2003; Choi and Ramsey, 2009).  

 
This study supports previous research on scientist-educator collaborations, which indicate 

for educators the benefits include increased content knowledge, increased confidence as 
scientists, and for scientists the benefits include a better understanding of PK-12 education and 
ability to communicate to non-scientific audiences (Caton et al., 2000; Drayton and Falk, 2006; 
Kim and Fortner, 2007, 2008; Munson et al., 2013; Nelson, 2005; Paleaz and Gozalez, 
2002).Moreover, both teachers and scientists/engineers work in professions based on bodies of 
research and the connections between theory and practice (Tanner et al., 2003). As such, 
interdisciplinary partnerships and collaborations based on mutual respect for one another’s 
professions ultimately benefit children served by P-12 education. Such collaborations produce 
artifacts (in our case, toy prototypes, but in others, curricula and student-centered instruction) 
that can be used to engage young children in STEM, which can ultimately be used to promote 
knowledge and interest in those fields (Katehi et al., 2009; Munson et al., 2013). 

 
This study contributes to research on beneficial collaborations among educators and 

scientists by extending into the field of engineering. Results from this work should inform 
preservice teacher education and research in the field, adding to our collective understanding of 
the contexts for professional learning and the interactions of preservice teachers with those in 
STEM fields.  Our study supports research conducted by others and extends the field by adding 
to our collective knowledge of learning opportunities that support preservice teachers’ 
knowledge and skills in engineering and engineering students’ knowledge of the contexts and 
needs of end-users of their designs.  
 
Future Directions 

We intend to extend upon this preliminary study by interviewing both ENG and ECE 
students in small focus group interviews in order to investigate in more detail the potential 



mitigating factors and perceptions of both sets of students as they worked together on 
interdisciplinary projects. In particular, interview data from participants will help the research 
team in untangling the multifarious variables that contributed to the average declines in 
perceptions between both sets of students, such as the decline in the average perception of 
interpersonal and communication skills. We anticipate that interviews will clarify and extend 
upon the analysis of survey data, and will inform our efforts in strengthening ENG students’ 
knowledge of end user design and ECE students’ knowledge of engineering design principles for 
integrated STEM education in early childhood classrooms. Moreover, we will gather data on 
interactions among members of the interdisciplinary design teams, and subject these data to 
discourse analysis in order to observe the types and nature of interaction among ECE and ENG 
students. These data will be used to triangulate the results of the analysis of survey data and will 
support revisions and enhancements to learning opportunities afforded to students in future 
offerings of these courses. 
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Appendix B. Toy design project guidelines given to students in this study. 

 
 
 



 
  
 
 



 
  
 
 



 


