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Work in Progress: Evaluation of Biomechanics activities at 

a College-Wide Engineering Outreach Event 

 
Introduction 

In K-12 education, engineering provides a framework for integrating science, technology and 

math in a way that promotes student engagement and innovative thinking. Research around 

effective learning in K-12 classrooms demonstrates that an engineering approach to identifying 

and solving problems is valuable across all disciplines
1
. 

 

Collaborations among educational entities have resulted in the development of educational 

content for various settings for K-12 engineering
1
. The most promising programs are well-tested, 

comprehensive, and consistent with educational standards of governing bodies such as the 

American Society for Engineering Education (ASEE)
2
 and the National Academy of Engineering 

(NAE)
3
. However, these programs are often implemented ad-hoc, without standardized 

professional development for teachers
4
. Consequently, students may be exposed to different 

types and levels of K-12 engineering curricula.  

 

As college engineering programs become increasingly interdisciplinary, it is vital that students 

begin learning to integrate knowledge from across disciplines at the K-12 level. A relatable way 

to introduce integration would be to include biomechanics - a growing, highly interdisciplinary 

field
5
 of engineering in K-12 science programs. The purpose of this study is to understand the 

educational and inspirational efficacy of various biomechanics activities among middle-grade 

students. To this end, we surveyed school groups before and after an engineering outreach event 

at the University of Wisconsin-Madison.   

 

Methods  

Activities 

Four interactive biomechanics activities 

were developed at the University of 

Wisconsin-Madison to educate and inspire 

students attending a college-wide 

engineering outreach event. First, students 

used a Microsoft Kinect (Redmond, WA) to 

measure their jump height for comparison to 

professional athletes and animals. Next, 

students quantified their maximum 

mechanical power output on a stationary 

bicycle (Trek, Waterloo, WI). Then, students 

used signals from a Wii balance board 

(Nintendo, Redmond, WA) to assess their 

balance with and without inducing a reflex 

via tendon oscillators. Finally, they walked 

on a treadmill in a virtual hallway that 

provided either appropriate or inaccurate 

visual feedback.  

 
Figure 1. Conceptual questions answered by students 

before and after the event. 



Survey Questions 

To evaluate the impact of the interactive 

biomechanics-related activities, three school 

groups (n=57) completed surveys before and after 

the event. We developed nine questions to assess 

student understanding of common concepts in 

biomechanics (Fig. 1), student interest (A, B, Fig. 

2), and applicability to related professions (C, Fig. 

2). Teachers from each group administered 

surveys via online software (Qualtrics, Provo, 

Utah) one to three days ahead of attending the 

event and two to three weeks after the event.  

 

Data Analysis 

Students were allowed to select one response per 

question even if multiple answers were correct. 

Educational effect was evaluated using differences 

between pre and post responses to questions 1-6. Inspirational effect was assessed using 

differences between pre and post responses on questions A-C. A one-way ANOVA was 

performed to evaluate pre-post changes in response to each type of question (conceptual, interest, 

and inspiration). Changes in response to specific questions were evaluated with t-tests. Statistical 

significance was defined as p<0.05, p-values less than 0.10 were considered a trend. 

 

Results 

On the initial survey, students answered the majority of conceptual questions correctly (7715%) 

(Fig. 3). In regards to interest, students were largely neutral toward engineering or biomechanics 

as future educational pursuits (Fig. 4). They were also divided as to the applicability of 

biomechanics to various professions (Fig. 5). School group membership was a significant factor 

in survey responses when included in the ANOVA, hence analyses were done both overall and 

on a school group basis. 

 

Following the event, ANOVA’s revealed no significant changes in the rate of correct student 

responses (post: 847%, ANOVA, p=0.12). Students did answer question 1 correctly more 

frequently at follow-up (t-test, p=0.01). Further, students were more likely to select camera 

instead of ruler on question 4 after the event (t-test, p=0.047). Similarly, students selected vision 

Figure 2. Interest and inspiration questions 

answered by students before and after the 

event. 

Figure 3. Student responses to conceptual questions before and after the event, shown by group. 



instead of touch more frequently on question 5 at 

follow-up (t-test, p=0.02). Group 1 had an increase in 

correct responses on question 1 (t-test, p=0.015) and 

changed responses on question 4 (t-test, p=0.02). 

Group 2 tended to respond differently on questions 4 

and 5 than they had previously (t-tests, p=0.091, 

p=0.033, respectively). On average, Group 3 tended to 

answer more questions incorrectly (ANOVA, p=0.08), 

except for question 1, which they tended to answer 

more correctly in the follow-up (t-test, p=0.05).  

 

In evaluating student interest, an ANOVA revealed no 

significant overall change in interest in engineering 

and biomechanics (ANOVA, p=0.17) (Fig. 4). Group 

1 tended to gain interest in both engineering and biomechanics (ANOVA, p<0.10; engineering, t-

test, p=0.14; biomechanics, t-test, p=0.08), but Groups 2 and 3 showed no change. Overall, 

students’ evaluation of the relevance of biomechanics to all listed professions did not change 

(ANOVA, p>0.7) (Fig. 5). However, students tended to say that biomechanics was more relevant 

to athletes following the event (t-test, p=0.076).  

 

Conclusion 

Questions 1, 4 and 5 generated changed responses following the event and were all clearly tied to 

specific activities during the event, suggesting that students learned from the activities. Questions 

4 and 5 had multiple correct answers, thus changes primarily represented a shift in which correct 

response students chose. In both cases, responses 

shifted to more closely match activities at the event. 

Questions 2, 3 and 6 showed no change in response 

following the event. Question 3 was not directly tied to 

an activity, requiring students to extrapolate from their 

experiences. The other two questions (2 and 6) were 

answered correctly by more than 80% of students at 

the start. 

 

Student inspiration is more difficult to track, in part 

because we did not link responses from specific 

students between surveys. Hence, the lack of 

significant change on these questions could represent a 

subset of students with increased interest and another 

subset with decreased interest, cancelling one another 

out. In relating biomechanics to careers, our activities 

may have communicated the relevance of 

biomechanics to athletics, but in the future we plan to 

create clearer links between biomechanics and 

additional career paths. 

 

Differences between groups in this study were likely 

Figure 4. Student interest in engineering 

and biomechanics before and after the 

event, shown by group. 

Figure 5. Student perception of 

applicability of biomechanics to various 

professions before and after the event. 



due to the demographics of the groups. Group 1 included students from grades 5-8 who traveled 

2+ hours to reach the event. They were likely hand-selected to attend based on interest and/or 

proficiency in STEM topics. Groups 2 and 3 were 5
th

 grade classes, both from an elementary 

school roughly 30 minutes away. Hence, these groups were likely more heterogeneous in terms 

of STEM interest and proficiency.  

 

Because surveys were administered at students’ schools, there was no guarantee that students 

completing surveys actually participated in our activities. Moving forward, we will re-structure 

the method of data collection to improve data tracking and quality. Specifically, during the next 

engineering outreach event, students will receive a paper with pre- and post- activity questions 

on opposite sides to be answered as they enter and exit the room, respectively. Further, in the 

next iteration of this study we plan to collect demographic information and the level of science 

preparation from students as a way to identify activities that are appealing, and in particular to 

groups that tend to lose interest in STEM disciplines after middle school – namely young women 

and minorities
6, 7

. Our goal is to build an online repository of well-tested, education standards-

compliant biomechanics activities that are both educational and inspirational to a diverse group 

of middle grade students. 
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