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Introduction 

 

From automating tasks to analyzing large amounts of data, or solving complex mathematical 

problems, computer programming is a fundamental skill for engineering students and 

professionals [1], [2], [3]. Learning to program is difficult, and undergraduate engineering 

students are required to learn it regardless of their initial interest and motivation for it. They 

traditionally take their programming course in the computer science department, a course that 

generally delivers to a mixed audience of multiple majors and relies on generic problems for the 

application of coding skills.  

 

Research suggests that motivation plays a key role in student success in programming courses 

[4], [5]. Interest in the content and activities, and relevance or usefulness, i.e. the content is 

useful for students’ short or long term goals, are among the factors that contribute to academic 

motivation [6], [7]. Students perform better in environments where they feel a solid connection 

to their field [8]. One way to foster students’ motivation in the programming classroom is to 

deliver tailored courses that engage students in activities relevant to their own disciplines and 

favor authentic tasks [9].  Forte and Guzdial [10] reported that engineering students enrolled in 

an introductory programming course with programming language and skills tailored to 

engineering needs had lower D -grade, withdrawal and failure rates compared to those enrolled 

in a traditional course. The students who took the tailored course also commented that they 

learned useful content. Pullu and Gomleksiz [11] investigated the impact of authentic task-

oriented applications on undergraduate students’ attitudes and success in a 2nd year programming 

course. The students enrolled in the course featuring authentic tasks performed significantly 

better on a posttest than students enrolled in the traditional course and exhibited more positive 

attitudes towards programming. Individual engineering departments have also designed their 

own computer programming courses, allowing discipline specific instruction and example 

applications. At Michigan State University, a computer programming course was integrated with 

the introduction to mechanical engineering course, and uses assignments dealing with the 

disciplines of mechanical engineering [12]. On the post-course survey, a majority of students 

reported they could use MATLAB and Excel to perform engineering calculations and solve 

engineering problems. At Milwaukee School of Engineering, a programming course was 

designed for mechanical engineers, using example applications in mechatronics [13]. On the 

course evaluations, students reported that they were inspired to put more effort into making sure 

their codes were working in order to see their mechatronic systems function. At Hong Kong 

University of Science and Technology, an Excel VBA course for chemical engineering students 

that focused on problems like solving ordinary differential equations, fluid flow in pipes and 

batch reactor modeling was designed [14]. In the end of course survey, students reported that 

VBA programming was useful to solve Chemical Engineering problems, and that the 

programming also enhanced their understanding of the subject. They also found that the course 

had a broad application to their remaining core courses in chemical engineering.  



 

 

In addition to being more relevant to students’ goals and interests, tailored courses offered by the 

home department provide opportunities for students to develop connections with peers and 

professors in their major and to create a sense of belonging to the program [15].  

 

In the biological engineering program at North Carolina State University, BAE  200 – Computer 

Methods in Biological Engineering is a 2-credit hour course taken by 2nd year undergraduate 

students in the Biological Engineering Program. The course was created to replace the 

introductory computer programming course that students used to take in the computer science 

department. It focuses on teaching computer-based problem-solving using Excel and R and 

contextualizes instruction with real-world BAE problems. This is the first BAE course that 

Biological Engineering students typically take, and it serves as a pre-requisite for multiple 

courses. The goals of this authentic course are twofold. The first is to increase students’ 

motivation towards learning programming by focusing on applications in their chosen discipline. 

The second is to introduce students new to BAE to the different concentration areas in the degree 

program (agricultural, environmental, ecological, bioprocess engineering) to help them choose a 

degree concentration and elective courses. As part of the course, a meet-and-greet event between 

BAE 200 students and faculty members is organized in the first month of the semester. Each 

faculty member introduces their area of expertise to the group and then students are split into 

three groups representing the different concentrations: Agricultural Engineering, Bioprocess 

Engineering, and Ecological and Environmental Engineering together. Students learn more 

specific information about the concentrations, including the future courses they will take and 

career opportunities, and can ask questions to faculty working in that concentration area. 

Until 2022, there was no linkage between the problems used as programming assignments and 

the degree concentrations they represented. We hypothesized that structured course assignments 

that specifically highlight concentrations would increase students’ motivation for learning 

programming and help them make a more informed choice of concentration for the remainder of 

their studies. 

 

In 2023, assignments were developed or updated and labelled with colored icons picturing the 

concentration they represented: 9 in Environmental Engineering, 7 in Ecological Engineering, 16 

in Agricultural Engineering, 12 in Bioprocess Engineering) (Fig. 1). The assignments were also 

worded specifically to provide background knowledge and context about the problem and to 

project students as engineering professionals solving the problem (Fig 2).  

 

 
Figure 1. Icons depicting the degree concentrations designed for the course 

 

 

 



 

 

 
Figure 2. Example of assignment presenting background knowledge and labelled with the 

representative concentration  

 

To test our hypothesis and evaluate the impact of labelled and structured assignments 

highlighting specific concentrations, students were surveyed in Fall 2022 (pre-labelling) and Fall 

2023 (post-labelling). 

The objectives of this study are to: (i) assess the effectiveness of a tailored programming course 

with authentic assignments on students’ interests, motivation, and sense of belonging in the 

programming course, (ii) identify course strategies that help students make an informed choice of 

degree concentration.  

 

Methods  

Mixed methods data collection 

To answer the objectives, BAE 200 cohorts were surveyed at the end of the course in Fall 2022, 

and at the beginning and the end of the course in Fall 2023. In addition to the survey questions, 

students were invited to answer open-ended questions about the positive aspects of the course 

and to write a reflection after the meet and greet event. The survey questions are presented in 

Table 1. The sense of belonging questions were adapted from the Sense of Belonging to Math 

Scale by Good et al. [16], and the motivation question was taken from the MUSIC model by 

Jones [6]. 

 

 

 



 

 

 

 

Table 1. Survey items related to students’ interests, motivation and sense of belonging  

Measurement Survey Questions Answers  Time of Collection 

Interests How much are you currently 

interested in concentrating on 

each BAE discipline for your 

degree? 

• Bioprocess Engineering 

• Agricultural 

Engineering 

• Ecological Engineering 

• Environmental 

Engineering 

Likert scale 

1. Not interested 

2. Barely interested 

3. Somewhat interested 

4. Interested 

5. Very interested 

• FALL 22 END 

• FALL 23 BEG 

• FALL 23 END 

Perceived 

Learning 

Outcome 

Now that you have nearly 

completed this course, please 

rate your current knowledge or 

skill levels related to this course 

learning objective: 

 

CLO 3: Distinguish the focus 

areas in BAE disciplines to plan 

for degree concentration. 

Likert scale 

1. Novice - Just starting out 

2. Beginning - Getting by 

3. Intermediate - Generally 

good at 

4. Competent - Very good at 

5. Master - Extremely good at 

 

• FALL 22 END 

• FALL 23 END 

Sense of 

Belonging 1 

In the BAE 200 class… 

• I feel that I belong to the 

biological and 

agricultural engineering 

community. 

Likert scale: 

1. Strongly disagree 

2. Disagree 

3. Neutral 

4. Agree 

5. Strongly agree 

• FALL 22 END 

• FALL 23 END 

Sense of 

Belonging 2 

• I consider myself a 

member of the 

biological and 

agricultural engineering 

world. 

 

Likert scale: 

1. Strongly disagree 

2. Disagree 

3. Neutral 

4. Agree 

5. Strongly agree 

• FALL 22 END 

• FALL 23 END 

Sense of 

Belonging 3 

• I feel like I am part of 

the biological and 

agricultural engineering 

community. 

 

Likert scale: 

1. Strongly disagree 

2. Disagree 

3. Neutral 

4. Agree 

• FALL 22 END 

• FALL 23 END 



 

 

5. Strongly agree 

Sense of 

Belonging 4 

• I feel a connection with 

the biological and 

agricultural engineering 

community. 

 

Likert scale: 

1. Strongly disagree 

2. Disagree 

3. Neutral 

4. Agree 

5. Strongly agree 

• FALL 22 END 

• FALL 23 END 

Motivation 

from 

materials 

I was intrigued by the learning 

materials and activities in this 

course. 

Likert scale: 

1. Strongly disagree 

2. Disagree 

3. Neutral 

4. Agree 

5. Strongly agree 

• FALL 22 END 

• FALL 23 END 

Information 

in course 

materials 

 

 

How much information did the 

problems used in this course 

give you about each BAE 

discipline? 

• Bioprocess Engineering 

• Agricultural 

Engineering 

• Ecological Engineering 

• Environmental 

Engineering 

1. None at all 

2. A little 

3. Some 

4. A good amount 

5. Abundant 

• FALL 22 END 

• FALL 23 END 

Beneficial 

aspects 

Which aspects of this course 

were beneficial for your 

learning 

Open ended  • FALL 22 END 

• FALL 23 END 

Reflection • What made you interested 

in your selected discipline? 

• What new insights did you 

get from interacting with the 

discipline's faculty? 

• What are your next steps to 

move forward in this 

discipline? 

Open ended FALL 23 after 

meet and greet 

event  

 

 

 

 



 

 

 

Data analysis 

For each survey question, the distribution of responses and mean scores were calculated for the 

2022 and 2023 class cohorts. Statistical analyses were also performed to determine whether 

significant differences were observed between the two cohorts, which could be attributed to 

course changes adopted to emphasize the different degree concentrations. According to a Shapiro 

test, the data did not follow a normal distribution, so a Mann-Whitney U Test was used to 

determine if the differences between the two means were significant at a 0.05 significance level. 

Students’ comments and reflections were analyzed using a thematic analysis. 

Results     

Students’ interests, motivation and sense of belonging in 2022 and 2023 

The levels of interest in each concentration were surveyed among BAE200 at the end of Fall 

2022, and at the beginning and end of Fall 2023. The Mann Whitney U test revealed no 

statistically significant difference in preference levels for a given concentration between the three 

surveys. Environmental Engineering is the concentration that is the highest rated in terms of 

interest by students in both 2022 (average of 3.45/5 with 51.2 % of students interested or very 

interested) and 2023 (average of 3.74 /5 or 61.8% students interested or very interested at the 

start of the semester, and average of 3.65 or 64.7 % of students interested or very interested at the 

end of the semester) (Table 2). After completion of the course in 2023, the level of interest in 

Ecological engineering slightly increased, whereas the level of interest in Agricultural and 

Bioprocess Engineering slightly decreased. 

 

 

Table 2. Students’ interest levels in the degree concentrations in Fall 22 END and Fall 23 

BEG and END  

 

 Average (on a scale of 5) Percentage of ratings ≥ 4 

Fall 2022 

END 

Fall 2023 

BEG 

Fall 2023 

END 

Fall 2022 

END 

Fall 2023 

BEG 

Fall 2023 

END 

Interest Bioprocess 3.02 3.35 3.06 44.2 47.1 38.2 

Interest Agricultural 2.98 3.15 2.94 44.2 41.2 32.4 

Interest Ecological 3.21 3.47 3.59 41.9 50 52.9 

Interest 

Environmental 3.45 3.74 3.65 51.2 61.8 64.7 
no statistically significant difference between semesters for a given concentration  

 

Students’ sense of belonging to the BAE discipline in the BAE 200 class was quite high for both 

cohorts as exhibited by average belonging ratings of 4.22/5 in 2022 and 4.32/5 in 2023. The 

increase observed between 2022 and 2023 was not statistically significant (Table 3). 



 

 

The degree of motivation that the course materials brought to students significantly increased 

from 2022 to 2023. In 2023, 100% of students “Agreed” or “Strongly Agreed” that they were 

intrigued by the course materials and activities compared to 72 % in 2022. This suggests that 

emphasizing the connections between assignments and the discipline had a positive impact on 

students. This result is further supported by students’ comments related to the aspects of the 

course that they found beneficial to their learning. They reported that the use of authentic 

problems made the course more interesting and meaningful as they could see how their 

programming skills will help them in other courses and jobs. Example quotes include: 

• The real-world examples and not just numbers to use. 

• The problem statements in the problems seemed to have connections or reflected my 

learning from other course in engineering. 

• The assignments were relevant to that of our major making them easier to complete when 

we can see that we are doing work that will be beneficial in the future 

• The instructor also effectively connects the lessons to real application in our discipline 

which makes it practical and meaningful to learn. 

• I really liked this course. I felt like it reaffirmed my decision to join this major. 

 

 

Table 3. Survey Results in Fall 22 and Fall 23 END for motivation from course materials 

and sense of belonging (p-values in Bold highlight significantly different results) 

 

 

Average 

2022 

Average 

2023 

Percentage of 

ratings ≥ 4 in 

2022 

Percentage of 

ratings ≥ 4 in 

2023 P value 

Sense of Belonging 1 4.35 4.47 86.0 100.0 0.643 

Sense of Belonging 2 4.09 4.32 74.4 91.2 0.429 

Sense of Belonging 3 4.14 4.21 74.4 85.3 0.908 

Sense of Belonging 4 4.28 4.26 79.1 85.3 0.718 

Motivation 3.95 4.50 72.1 100.0 0.018 

 

Impact of course materials and activities on students’ ability to choose a concentration 

In 2022, 76.7 % of students considered themselves “Very good at” or 

“Extremely good at” distinguishing the BAE concentrations, a percentage that increased to 

85.3% in 2023, although the increase was not statistically significant. (Table 4.) 

In both cohorts, approximately 60% of students considered that the amount of information given 

by the problems on the degree concentrations was “a good amount” or “abundant”. There was 

also no statistically significant difference in students’ perceptions of the amount of information 

provided by the course problems on each concentration, despite the efforts put in designing and 

labelling new assignments representative of the different concentrations for the 2023 cohort.  

One student commented that “I've realized the broadness of BAE and have become interested in 

looking at the other concentrations as well”. 

 



 

 

Table 4. Survey Results in Fall 22 and Fall 23 END for students’ knowledge of 

concentrations and amount of information provided in the course 

 

 

Average 

2022 

Average 

2023 

Percentage of 

ratings ≥ 4 in 

2022 

Percentage of 

ratings ≥ 4 in 

2023 P value 

Perceived Learning 

outcome 4.09 4.12 76.7 85.3 0.943 

Info Bioprocess 3.53 3.50 62.8 58.8 0.893 

Info Agricultural 3.44 3.59 58.1 64.7 0.511 

Info Ecological 3.53 3.53 62.8 58.8 0.825 

Info Environmental 3.63 3.59 67.4 61.8 0.638 

 

 

The ratings for the amount of information provided by the course problems are lower than 

student’s perceived abilities to distinguish between concentrations, which suggest that other 

factors impacted this learning outcome. Students’ reflections emphasize the role that the meet 

and greet event had played in their ability to distinguish between the different concentrations and 

choose one. Example quotes include: 

• I was able to put a stamp on which concentration I wanted to focus on. 

• After talking to a few other staff, I realized that precision agriculture may be the best 

suited discipline for my interests. 

• Interacting with faculty also made me more sure of what I'm studying and why I chose 

this major. 

• I eventually decided on bioprocessing leading to where I ended up at the faculty meet and 

greet. 

• I learned the difference between the ecological concentration and environmental 

concentration. 

• I didn’t previously know that this is what Ecological Engineers do so I was really excited 

to learn more about the discipline! 

 

Discussion 

 

Students in BAE 200 exhibited a strong sense of belonging to the BAE community, with scores 

of 4.22/5 in 2022 and 4.32/5 in 2023, compared to findings from other studies. For example, 

Benson et al. [17] reported that sophomores enrolled in Civil Engineering and surveyed in a Civil 

Engineering courses exhibited belonging scores to engineering of 3.56/5 and 3.31/5. Smith et al. 

[18] reported that sophomore engineering students  enrolled at a large research university showed 

belonging scores to engineering of 3.57/5. 

O’Hara et al  [19] and Schar et al. [20] have shown that there is a strong positive correlation 

between students’ sense of belonging in an engineering course and their sense of belonging in the 

discipline.  



 

 

In the BAE 200 course, students with similar academic backgrounds, goals and interests learn 

content that is tailored to their discipline from an instructor in their discipline. These strategies 

contribute to the development of classroom and discipline belonging.  

In addition, the interactions with members of the BAE community, namely faculty members, 

during the meet and greet event contributed to strengthening students’ sense of belonging to the 

discipline. 

 

Conclusions 

 

Going one step further than computer programming courses tailored to engineers, the BAE 200 

introductory programming course is offered only to BAE students by a BAE instructor and 

tailored to the discipline in terms of programming contents and applications. As a result, BAE 

200 students exhibited a strong sense of belonging to the BAE discipline and community. 

The authentic materials developed in the course seem to be a motivational factor for students to 

learn about programming and understand its applications to the discipline. Redesigning course 

assignments with background information and labelling the concentrations had a positive impact 

on students’ academic motivation. 

The course materials and activities did not impact students’ levels of interests in one or several 

degree concentrations. However, they equipped them with a broader and deeper knowledge of 

the discipline that helped reinforce their choices of concentration. The meet-and-greet event 

between students and BAE200 faculty member was a key activity that contributed to helping 

students select a degree concentration and think about career opportunities. 
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