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Clear Writing Promotes Clear Thinking: Implementation and 
Effectiveness of a Homework Writing Guide for Chemical 

Engineering and Materials Science Undergraduates 
 
Abstract 
 
Clear communication is essential for engineering students to improve their conceptual 
understanding of core material and to communicate their ideas and research in professional 
settings effectively. However, curricular efforts to improve writing in engineering often 
emphasize lab reports, technical memos, or other professional genres. Homework problem sets 
are often overlooked as a form of written communication, yet these assignments offer a critical 
opportunity for skill development early in students’ training. Addressing errors in homework 
problems related to organization and process can help reveal conceptual misunderstandings and 
allow instructors to better support student learning. 
 
This paper describes the development and launch of a homework guide for undergraduate 
students in Chemical Engineering and Materials Science. Faculty and instructors in a combined 
Chemical Engineering and Materials Science department collaborated with staff in the Writing 
Enriched Curriculum (WEC) program to establish graduation-level writing expectations for the 
two undergraduate programs offered by the department. As part of the initial implementation 
effort in this multiyear collaboration, department instructors, teaching assistants, and WEC staff 
explored the elements of effective homework responses (e.g., defining assumptions, writing key 
mathematical formulas, commenting code, and annotating figures). These elements were 
incorporated into a single homework guide and implemented in undergraduate engineering 
courses, including sophomore-level chemical engineering and mixed-level material science and 
engineering courses. The guide was briefly presented to students in class and modeled through 
example problems, but no additional in-class instruction or changes to homework practices were 
instituted. The quality and clarity of students' written responses were considered as a component 
of students’ scores. Students were surveyed three times during the semester about their use of the 
guide and its value. 
 
Following the initial implementation in chemical engineering, student responses were largely 
positive, with more than half reporting that the use of the guide helped organize and clarify their 
thinking, improved their learning and exam performance, and increased their confidence. The 
feedback from the materials science and engineering course identified a need to further 
emphasize the guidelines as a strategy for organization that should be adapted to meet diverse 
problem requirements. Overall, this work provides an example implementation of a low time-
demand educational tool that can be introduced early and incorporated throughout the 
engineering curriculum to support student communication and conceptual understanding of 
course material. 
 
Introduction   
 
Strong problem-solving and communication skills are both paramount to engineering education 
as precursors to the demands in the profession. Homework sets are commonly used to strengthen 
problem-solving skills and yet are often overlooked as a potential communication skill-building 



tool. Developing competency in technical writing as a professional skill is emphasized in 
laboratory and capstone courses, but learning to reliably produce a clear homework solution 
presents an opportunity to build communication skills earlier in engineering education. Even 
creating visual representations, a step seen in almost all complex engineering homework 
solutions, is a key communication tool that students must learn to construct and interpret.  
 
Improving effective problem-solving instruction has been a goal for instructors from grade 
schools to universities. Several problem-solving theories have emerged including those based on 
behaviorism, cognitive psychology, and information processing [1]. Most strategies share basic 
steps such as reading the problem, determining what is asked and what is given, drawing a 
schematic, selecting relevant equations, solving the problem, and evaluating the solution [2], [3], 
[4], [5], [6], [7], [8]. How and to what extent these steps are explained, practiced, or achieved 
varies greatly from study to study. 
 
Different approaches have been attempted and assessed, typically with a treatment and a control 
group, and often with a pre- and post-treatment assessment, frequently in the fields of 
mathematics, physics, chemistry, and engineering (particularly statics). Some strategies are based 
on replicating how experts in a field tend to solve problems, while others are based simply on 
assisting novices to more reliably solve the problem of interest, regardless of how that compares 
to expert solvers [1], [3], [4]. Defining the problem or developing an initial problem 
representation is often noted as a key step deserving individual study [9], [10] and for which 
students showed marked improvement with explicit strategy instruction [3], [6]. Sometimes the 
treatment includes not only instruction on problem solving methods or steps but also talking 
through problems or working with a partner or group [3], [8], [11]. Metacognition or reasoning 
activities have also been shown to aid student problem solving abilities and/or conceptual 
understanding if generated by the student [11], [12], [13], [14], [15], [16] but not if provided for 
the student [17]. Further, the use of conceptual problem-solving strategies with emphasis on 
explanations of principles and justifications has been shown to increase students’ conceptual 
learning and problem-solving ability [14], [18]. The goal of these interventions is typically to 
increase the accuracy of the solution or conceptual understanding. However, self-efficacy [5] as 
well as organization, clarity, and communication have also been of interest [19]. 
 
Results varied, with many studies noting significant improvement following more deliberate 
instruction [3], [8], [13], [14], [18], while others saw no significant difference [7], [15], [20]. 
Challenges with strategy instruction include the effort and time required to teach and for students 
to implement and follow through with the strategy, as well as issues with limited flexibility and 
creativity [7], [20]. Additionally, most educational problem-solving strategies and instruction 
have been aimed at single semester general introductory science or math courses rather than as 
an organized curriculum-wide intervention.  
 
Incorporating writing into homework assignments to assess or aid student understanding and 
recall has been often investigated, while emphasis on learning to communicate clearly within 
one’s future profession via homework is often neglected. This work investigates a homework 
guide intervention that shows students the key elements needed to communicate increasingly 
complex solutions to chemical engineering and materials science problems, thereby building 
strong technical communication skills. The first stage of implementation is reported here for 



courses early in the major, during sophomore year, with the intent to consistently reinforce and 
model the method throughout all courses within the respective curricula. 
 
The guide also aims to promote transparency, growth mindset, and inclusive teaching, which 
have been shown to reduce achievement gaps between students [21], [22], [23]. By clearly 
illustrating what elements are needed in a good homework solution, students are shown that 
communicating their problem-solving strategy is a skill that can be learned and improved. 
Regardless of prior instruction, they are all shown the elements that are expected, which may 
help reduce the impact of differences in prior problem-solving experience or training. 
 
Methods 
 
Context for the Study 
 
The study was conducted at a large public flagship research institution (approximately 42,000 
undergraduates). The Chemical Engineering and Materials Science department of this institution 
enrolls more than 400 undergraduate students in its two majors: chemical engineering and 
materials science. Admission to the College of Science and Engineering and the majors is 
competitive, and selected students are enrolled in their major in the second semester of their 
sophomore year. 
 
Homework guide development 
 
The idea for a homework guide was inspired by colleagues in the Mechanical Engineering 
department, who developed their own writing resource guides through the Writing Across the 
Curriculum Program. Faculty in the Chemical Engineering and Materials Science and 
Engineering department resonated with viewing homework writing as a form of written 
communication that could be more consistently taught. At the same time, the homework guide 
used in this study was developed from scratch and did not reference the prior example directly.  
 
To develop a set of guidelines for communication instruction, a working session was held with 
eight faculty members from the departments of Chemical Engineering and Materials Science and 
Engineering. Prior to the meeting, faculty completed a pre-session survey on (1) the general steps 
used to model homework problems in their lectures, (2) essential aesthetic elements of 
homework solutions, (3) essential content for students to include in their solutions, and (4) what 
types of problems the homework guide should address (e.g., mathematical solutions, conceptual 
responses, compare and contrast, code, plotting, etc.). Responses were compiled and discussed in 
an in-person workshop. Feedback was used to design an initial set of writing guidelines for 
homework problems in both majors. An initial draft of the homework guidelines underwent a 
series of revisions based on feedback from a subset of five faculty members from the initial 
larger working group. The final version of the guide was reviewed by nine faculty members from 
both departments prior to the guide’s implementation. 



The final version of the homework guide contained general steps for solving problems 
commonly encountered in Chemical Engineering and Materials Science and Engineering 
courses, with additional sections elaborating on problems involving code, graph formatting, and 
tips for submitting electronic work (Figure 1, Appendix A). An example problem from an 
undergraduate Chemical Engineering material and energy balances course and an example from 
an introductory course to materials science and engineering were annotated to demonstrate key 
features of well-communicated solutions. 

 
Figure 1: Excerpts from the homework guidelines. The guide described key steps commonly 
used across problems in the engineering majors, with the provided table summarizing the general 
steps for quick reference. Annotated example problems were also included to highlight features 
of well-communicated homework solutions.  



Homework Guide Implementation 
 
The two courses selected for the initial intervention both occurred in the spring semester of the 
same year. The larger course, a course in thermodynamics in chemical engineering (referred to as 
“ChEn Thermo” from here), had a total student enrollment number around 130. The smaller 
course, an introductory course in material science (referred to as “MatS” from here), had a 
population of just under 50 and, as a result of its place in the curriculum, had a slightly greater 
range of student experiences (with some students of more advanced standing). In the second 
semester of implementation, the guide was introduced in a materials and energy balance course 
in chemical engineering (referred to as “ChEn Balances” from here), which had 167 students 
enrolled. Students take this course as the first course in the major in the fall of their sophomore 
year. In both programs, the majority of students’ lab work emerged in the junior year, and those 
lab courses were the typical sites for writing intervention. The goal in selecting these courses was 
to introduce principles of effective writing earlier in the curriculum to narrow gaps between the 
highest performing students and those with the least experience with technical writing.  
 
The guide was briefly introduced in week three of each course, when the first major homework 
assignments were assigned. A research team representative attended the spring semester sessions 
of ChEn Thermo and MatS and the fall semester version of ChEn Balances to introduce the 
project and to explain the accompanying surveys that would be used to collect student data. The 
representative noted that the survey would be introduced at three different times in the semester, 
and encouraged students to fill out the surveys each time. In each course, a point incentive was 
provided for completing the survey, but even if a student completed the survey, they could select 
to have their data eliminated from the final aggregate via a final opt-out question. Thus, while 
students were encouraged to engage with the survey process, the small incentives for survey 
completion did not purchase students’ consent to use their answers in this study’s assessments. 
 
In the first survey question, students were asked if they had heard of the assignment guide and 
where it may have been mentioned, knowing that all students who attended on the days of class 
visits would have heard about that the guide in their lectures, and that all students would see 
notes about the homework guide on their Canvas course pages. Teaching assistants in recitation 
sections knew about the guide, but their duties did not include providing additional explanation 
or support specifically for the homework guide. The surveys were designed to branch based upon 
students’ use of the guide, but did not prescribe any particular pattern of usage.  
 
Students were provided a link to a Google Form for each survey: one immediately after an early 
homework assignment and introduction to the guide, one at midterm, and one before final exams. 
The research team moved the final survey to before exams to not interfere with Student 
Response to Teaching surveys that are completed by all students at the end of the semester. A 
member of the research team, unaffiliated with the engineering departments, assigned each 
survey participant a unique identifier in order to redact identifying student information and to 
track which students completed all surveys. That team member also provided the teaching 
assistance with the list of student email addresses that corresponded to survey interaction, so 
whether students selected to have their data incorporated or not, all students could receive credit 
for completion. Completion rates were strongest early in the semester and slightly reduced 
toward the end, and refusal/opt-out rates were consistently between 10 and 20%.  



 
Table 1: Coding terms with examples for open ended student survey responses 

 
 
Analysis of survey results 
 
Closed-ended questions (e.g., multiple choice) were analyzed using MATLAB. Percentages were 
calculated by dividing the number of times the option was selected by the total number of 



consenting respondents to that particular question, since students were not required to answer 
every question to complete the survey. An inductive content analysis approach [24] was used to 
analyze and summarize free response answers to the prompt “Please elaborate on your reasons 
for your answer. Full sentences are appreciated!” that was asked following the two questions: 
 

1. If you could speak to future students in this course, how likely would you be to 
recommend using this guide for homework problems? 

2. As you think about your future courses in the major, do you anticipate that a guide like 
this could be helpful for your learning? 
 

In the initial round of coding, student responses were labeled with specific codes to the extent 
possible. A single response could have multiple coded themes. From this initial round, codes 
with similar themes were grouped under broader thematic codes. For example, students 
described the homework guide as helping them receive “full credit”, “better grade[s],” or “partial 
credit” which were grouped together under the theme “improves grade.” Student free responses 
were then re-coded with the final theme categories (Table 1). 
 
Results 
 

 
Figure 2: Student responses about guide usage. (A) Student responses to “Did you refer to the 
problem set guide when completing this problem set assignment” in the first survey of the 
semester. (B) Student responses to “Since you received the guide, how have you used it with 
your homework assignments” in the midterm (S2) and final (S3) survey for ChEn and MatS. 
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Student usage of the homework guidelines 
 
In each of the three surveys, students were asked to report how they used the homework guide to 
assess changes in use throughout the semester-long courses. In the first survey submitted with an 
early homework assignment, at least half the students reported reopening the guide and about 
30% of students recalled the contents of the guide to inform their homework submission (Figure 
2A). Later in the semester, with the midterm (S2) survey and the final survey (S3), the direct 
usage of the guidelines declined, with more than half of the students in the midterm and final 
surveys saying they used the guide initially but no longer use the guide (Figure 2B). In a free 
response section later in the final survey for ChEn Thermo, one student reported that they “don’t 
have to refer to the electronic document anymore because it has integrated itself into how I 
approach and solve problems now.” This statement supports one possible explanation for the 
trend observed in all three courses, where direct usage of the guidelines decreases as students 
gain more competency in incorporating the guidelines into their problem-solving workflow. 
 
Student perception of the homework guidelines 
 
In the midterm survey, about half of ChEn Thermo students reported that the guide helped them 
perform better on the first exam, while about only 6% of students reported that it had a negative 
impact (Figure 3). For students in MatS, about a third of students reported that the guide had a 
positive effect, no effect, or that they did not know the effect, with no students reporting that the 
guide had a negative effect. In the free response allowing students to elaborate on their selection, 
ChEn Thermo students often reported that the guide helped them with organizing their work, 
understanding the problem, and receiving more partial credit. Examples of students’ responses 
are included below: 
 

• “[The guide] allowed me to stop and think about the problem first before diving into 
calculations and potentially getting lost” 

• “How it helped me was I put my givens, assumptions, drawings, and system of the 
problem so I have a better understanding of the problem and where I could go from 
there.” 

• “I believe the guidelines helped me get better partial credit, by allowing me to show my 
work and thought process making it easier for my TA's to understand my work and 
reasoning.” 
 

Students in MatS also cited organization as a reason for the guide’s positive impact, with one 
student writing that the guide was “specific and well guided enough for me to tackle problems in 
well-organized and thoughtful ways.” Although students were not required to follow the 
homework guide format on the exam, students described increased time spent writing out exam 
answers as negatively impacting their exam performance. ChEn Balances was excluded from this 
analysis since there was a technical glitch in delivering this question to students in this course. 
 
In the final survey of the semester, students were provided a list of statements about the 
homework guide and asked to select all of the statements they agreed with. Across all three 
courses, 30-50% of students chose not to respond to statements related to performance 
confidence, learning, or grading, and a small number of students (less than 10%) selected two 



statements under the same theme (Figure 4A-C). Overall, the responses for ChEn Thermo were 
largely positive. 57% of respondents said that the homework guidelines had a positive impact on 
their performance, confidence, and learning, with less than 15% of respondents saying that the 
guide had no effect (Figure 4A-B). No students from ChEn Thermo said that the guide had a 
negative effect on their performance confidence, and only 2% of students said that it had a 
negative effect on their learning. 
 

 

Figure 3: Student responses to how they perceived their exam performance being impacted 
by the homework guide. Students were asked if the homework guidelines helped them perform 
better (positive effect), had no effect, perform worse (negative effect), or if they did not know the 
effect on their exam performance. 

While almost 30% of respondents in ChEn Balances still reported that the guide had a positive 
effect on their performance confidence and almost 40% reported a positive effect on their 
learning, there was a higher percentage of respondents from ChEn Balances and MatS who 
thought the homework guide had no effect on their performance confidence or learning. Since 
ChEn Balances is the first course students take in Chemical Engineering, students in this course 
do not have any course experience with chemical engineering prior to the introduction of the 
guidelines, unlike students in ChEn Thermo. This distinction could account for the differences in 
survey responses between the two courses. Students from all three courses responded similarly to 
how following the homework guidelines was incorporated into assignment grading (Figure 4C). 
Of the students that selected a response related to grading, roughly half of the students agreed 
with the statement that the “homework grading fairly accounted for the effort to follow the 
homework guide.” Less than 10% of students thought that more credit should be given for 
following the guidelines, and one reason for this provided in the free response from ChEn 
balances was the increased time spent on completing homework assignments while following the 
guidelines. 
 
About 15% of students said that the grading “should not account for following the homework 
guide,” with students commonly citing increased stress about losing points for not following the 
guidelines exactly. One student from ChEn Thermo stated: “It is annoying to worry whether I 
will lose points because my solution does not strictly adhere to the letter to the solution 
formatting guide.” It is important to note that in all three courses, students were not required to 
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explicitly follow the guidelines in their homework solutions. The homework rubrics included a 
small category for clarity of communication or including applicable content consistent with the 
guide, and students were not required to follow the guide on exams. The first homework 
assignment in ChEn Thermo was an exception to this grading policy where students were 
required to explicitly follow the homework guidelines for the first assignment. Based on student 
feedback and to decrease confusion, this policy was changed in ChEn Balances to not require 
students to explicitly follow the guide to receive full credit on any of the homework assignments. 
This disconnect between course requirements and student beliefs about expectations highlights 
an area for improvement in how the guidelines are introduced to students to better clarify 
expectations for students and further emphasize that the guidelines are a learning and 
communication tool rather than a strict set of rules. 
 

 
Figure 4: Student responses in the final survey to the question “Consider the following 
statements and check any with which you AGREE.” (A) Students’ perceptions on how the 
homework guide impacted their performance confidence. (B) Students’ perceptions on how the 
homework guide impacted their learning. (C) Students’ perceptions on if the homework grading 
fairly accounted for the effort to follow the homework guide (fair), if more credit should have 
been given for following the homework guide (more), or if the homework grading should not 
account for following the guide (less). (D) Students’ agreement with the statements that the 
guide helped their organization, helped them see connections between homework and course 
concepts, had a positive effect on their exam scores, or was a waste of time. 
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More than half of the students indicated that the guide helped with organizing and clarifying 
their thinking, and more than 30% of students indicated that the guide helped them connect 
homework problems to key course concepts (Figure 4D). More than half of the students in ChEn 
Thermo reported that the guide had a positive effect on their exam scores, with students noting 
that the guidelines helped them better identify the problem being asked, keep track of important 
variables, and identify next steps. One student wrote: 
 

I used to have a bit of a problem during exams where I would sometimes not read 
the entire problem and miss key concepts but the homework guide helped me 
create a systematic way of reading problem statements and helped me find a way 
to organize my thoughts quickly in a way to solve questions efficiently. 
 

However, several respondents noted in the final survey that they spent too much time on the 
exam writing out their solutions according to the guidelines, and that they had to “rush through 
the end.”  
 

 
Figure 5: Student responses to (A) “If you could speak to future students in this course, 
how likely would you be to recommend using this guide for homework problems” and (B) 
“As you think about your future courses in the major, do you anticipate that a guide like 
this could be helpful for your learning?”. The number of respondents for each survey question 
equals 85 and 15 for ChEn Thermo and MatS, respectively. ChEn Balances had 92 and 91 
respondents for (A) and (B), respectively. 
 
Students also reported being likely to recommend the guide to future students and expected it to 
be helpful in future courses (Figure 5). In their free response explanations to these questions, 
feedback was largely positive, with many students writing that the guide helped with organizing 
complex problems, keeping track of information, and providing a general approach to problem 
solving to prevent getting lost (Table 2). Some students wrote that writing out the problem goals 
and given information helped them to better understand the problem goal, allowing them to 
maintain focus during their work. Students’ primary criticisms of the guide focus on the guide 
hurting their grade through inconsistent grading, or concerns that they would lose points if the 
guide wasn’t followed exactly. Other criticisms were that the guide increased the time to solve 
problems, that the process felt rigid and strict, and that not all parts of the guide were used for 
every problem, requiring discretion by the student. 

    ChEn
Balances

   ChEn
Thermo

MatS

1 2 3 4 5 6 7 8 9 10
                  Likelihood to recommend 
 (1=would not recommend, 10=would recommend)

A

    ChEn
Balances

   ChEn
Thermo

MatS

1 2 3 4 5 6 7 8 9 10
Expected helpfulness in future courses 
           (1=not helpful, 10=helpful)

B



 
Table 2: Student responses to “Please elaborate your reasons for your answer” for their 
selection on likelihood to recommend the homework guide to future students or the 
expected helpfulness of the guide in future classes. 

 
 
Conclusions and Future Directions 
 
Overall, this work has detailed the successful implementation of a low time-demand tool to 
support student communication in three full-scale undergraduate courses in Chemical 
Engineering and Materials Science and Engineering. Although it is challenging to isolate the 
effectiveness of a single instructional intervention outside a randomized experiment, students’ 
self-reported data across the three courses indicate that many students view the guide positively 
for their problem-solving abilities, and open-ended responses provided examples of how students 
perceived the guide to be helpful or harmful to their learning or course performance. Student 
critiques of the guide provide concrete ways the implementation of the guide can be improved to 
increase student acceptance and better support learning. 
  
One of the most common critiques of the guide throughout the semester was the increased time 
required to follow the problem-solving method detailed in the guide. The introduction of any 
new process, especially one that requires students to communicate more of their work, will likely 
increase the time they spend on the problems. While students were not graded on communication 
or following the guidelines on the exam, further emphasis on exam expectations could help 



reduce the timing problem experienced by these students. An additional section on time 
management could also be incorporated into the guide to provide advice for navigating the 
conflicting demands of time constraints versus providing thorough explanations. 
 
Currently, data is only available for students who have used the homework guidelines for a 
single semester, but future work entails incorporating the homework guide across courses in both 
Chemical Engineering and Materials Science and Engineering. Within the single semester data, 
some students have already noted that following the guide made them more efficient problem 
solvers. As students gain more experience with the guide across multiple semesters, this fraction 
of students may increase as students have more experience with the homework guidelines. Future 
work will also address a current limitation where a control group was unavailable for the courses 
in this study. The courses only had one lecture section, so students could not be divided into 
different treatment groups, and most courses were being taught by the instructor for the first 
time, limiting comparisons to previous years. As the guide is implemented in more courses, it 
will be possible to compare student performance with the homework guide’s introduction to 
previous years’ data for courses taught by the same instructor. It will also be informative to see 
how students perform in writing intensive courses, such as upper division laboratory courses and 
capstone projects, and how the guide instruction translates to different forms of written 
communication.  
  
Acknowledgements  
 
The authors would like to acknowledge David Poerschke, Samira Azarin, Natalie Boehnke, 
Nathan Mara, Michael Manno, Aditya Bhan, Qi Zhang, Chris Bartel, and Lynn Walker for their 
feedback and contributions to the original version of the homework guidelines used in this study. 
Special thanks to Samira Azarin, Natalie Boehnke, Lynn Walker, and Christopher Akiki for 
assisting in the implementation of the homework guides in the undergraduate chemical 
ngineering and materials science and engineering courses. This work was supported by the 
Writing Enriched Curriculum Program within the Office of Undergraduate Education at the 
University of Minnesota. 
 
References 
 
[1] L. E. Hardin, “Problem-Solving Concepts and Theories,” J. Vet. Med. Educ., vol. 30, no. 3, 

pp. 226–229, Sep. 2003, doi: 10.3138/jvme.30.3.226. 
[2] R. M. Murphy, Introduction to chemical processes: principles, analysis, synthesis. in 

McGraw-Hill chemical engineering series. New York, NY: McGraw-Hill, 2007. 
[3] J. I. Heller and F. Reif, “Prescribing Effective Human Problem-Solving Processes: Problem 

Description in Physics,” Cogn. Instr., vol. 1, no. 2, pp. 177–216, Mar. 1984, doi: 
10.1207/s1532690xci0102_2. 

[4] L. Sutherland, “Developing problem solving expertise: the impact of instruction in a 
question analysis strategy,” Learn. Instr., vol. 12, no. 2, pp. 155–187, Apr. 2002, doi: 
10.1016/S0959-4752(01)00003-2. 

[5] S. Çalışkan, G. S. Selçuk, and M. Erol, “Instruction of problem solving strategies: Effects 
on physics achievement and self-efficacy beliefs,” J. Balt. Sci. Educ., vol. 9, no. 1, pp. 20–
34, 2010. 



[6] D. Huffman, “Effect of explicit problem solving instruction on high school students’ 
problem-solving performance and conceptual understanding of physics,” J. Res. Sci. Teach., 
vol. 34, no. 6, pp. 551–570, Aug. 1997, doi: 10.1002/(sici)1098-
2736(199708)34:6%3C551::aid-tea2%3E3.0.co;2-m. 

[7] M.-P. Goulet-Lyle, D. Voyer, and L. Verschaffel, “How does imposing a step-by-step 
solution method impact students’ approach to mathematical word problem solving?,” ZDM, 
vol. 52, no. 1, pp. 139–149, Apr. 2020, doi: 10.1007/s11858-019-01098-w. 

[8] R. L. Owen and L. S. Fuchs, “Mathematical Problem-Solving Strategy Instruction for 
Third-Grade Students with Learning Disabilities,” Remedial Spec. Educ., vol. 23, no. 5, pp. 
268–278, Sep. 2002, doi: 10.1177/07419325020230050201. 

[9] G. Duffy, S. Sorby, and B. Bowe, “An investigation of the role of spatial ability in 
representing and solving word problems among engineering students,” J. Eng. Educ., vol. 
109, no. 3, pp. 424–442, Jul. 2020, doi: 10.1002/jee.20349. 

[10] N. Johnson‐Glauch, D. S. Choi, and G. Herman, “How engineering students use domain 
knowledge when problem‐solving using different visual representations,” J. Eng. Educ., 
vol. 109, no. 3, pp. 443–469, Jul. 2020, doi: 10.1002/jee.20348. 

[11] M. Mueller, D. Yankelewitz, and C. Maher, “Teachers Promoting Student Mathematical 
Reasoning,” Investig. Math. Learn., vol. 7, no. 2, pp. 1–20, Dec. 2014, doi: 
10.1080/24727466.2014.11790339. 

[12] P. J. Riccomini, E. E. Hughes, D. Deshpande, J. Y. Lee, L. Fiveash, and T.-H. Lin, 
“Teaching Fifth-Grade Students With Specific Learning Disabilities to Explain Their 
Mathematical Reasoning Through Written Expression,” Learn. Disabil. Q., vol. 47, no. 2, 
pp. 124–136, May 2024, doi: 10.1177/07319487241235148. 

[13] J. L. De La Hoz, C. Vieira, and C. Arteta, “Self-explanation activities in statics: A 
knowledge-building  activity to promote conceptual change,” J. Eng. Educ., vol. 112, no. 3, 
pp. 741–768, Jul. 2023, doi: 10.1002/jee.20531. 

[14] J. L. Docktor, N. E. Strand, J. P. Mestre, and B. H. Ross, “Conceptual problem solving in 
high school physics,” Phys. Rev. Spec. Top. - Phys. Educ. Res., vol. 11, no. 2, p. 020106, 
Sep. 2015, doi: 10.1103/PhysRevSTPER.11.020106. 

[15] P. S. Steif, J. M. Lobue, L. B. Kara, and A. L. Fay, “Improving Problem Solving 
Performance by Inducing Talk about Salient Problem Features,” J. Eng. Educ., vol. 99, no. 
2, pp. 135–142, Apr. 2010, doi: 10.1002/j.2168-9830.2010.tb01050.x. 

[16] R. Badeau, D. R. White, B. Ibrahim, L. Ding, and A. F. Heckler, “What works with worked 
examples: Extending self-explanation and analogical comparison to synthesis problems,” 
Phys. Rev. Phys. Educ. Res., vol. 13, no. 2, p. 020112, Aug. 2017, doi: 
10.1103/PhysRevPhysEducRes.13.020112. 

[17] M. Norqvist, “The effect of explanations on mathematical reasoning tasks,” Int. J. Math. 
Educ. Sci. Technol., vol. 49, no. 1, pp. 15–30, Jan. 2018, doi: 
10.1080/0020739X.2017.1340679. 

[18] W. J. Leonard, R. J. Dufresne, and J. P. Mestre, “Using qualitative problem-solving 
strategies to highlight the role of conceptual knowledge in solving problems,” Am. J. Phys., 
vol. 64, no. 12, pp. 1495–1503, Dec. 1996, doi: 10.1119/1.18409. 

[19] B. Gaines, “On the Use of Writing Prompts in Entry-Level Mathematics Courses,” 
PRIMUS, vol. 32, no. 4, pp. 544–561, Apr. 2022, doi: 10.1080/10511970.2021.1871988. 



[20] D. M. Bunce and H. Heikkinen, “The effects of an explicit problem‐solving approach on 
mathematical chemistry achievement,” J. Res. Sci. Teach., vol. 23, no. 1, pp. 11–20, Jan. 
1986, doi: 10.1002/tea.3660230102. 

[21] S. L. Eddy and K. A. Hogan, “Getting Under the Hood: How and for Whom Does 
Increasing Course Structure Work?,” CBE—Life Sci. Educ., vol. 13, no. 3, pp. 453–468, 
Sep. 2014, doi: 10.1187/cbe.14-03-0050. 

[22] E. A. Canning, K. Muenks, D. J. Green, and M. C. Murphy, “STEM faculty who believe 
ability is fixed have larger racial achievement gaps and inspire less student motivation in 
their classes,” Sci. Adv., vol. 5, no. 2, p. eaau4734, Feb. 2019, doi: 10.1126/sciadv.aau4734. 

[23] C. E. Nelson, “Student Diversity Requires Different Approaches To College Teaching, Even 
in Math and Science,” Am. Behav. Sci., vol. 40, no. 2, pp. 165–175, Nov. 1996, doi: 
10.1177/0002764296040002007. 

[24] D. R. Thomas, “A General Inductive Approach for Analyzing Qualitative Evaluation Data,” 
Am. J. Eval., vol. 27, no. 2, pp. 237–246, Jun. 2006, doi: 10.1177/1098214005283748. 

 
 
  



Appendix A: Chemical Engineering and Materials Science Homework Guidelines 
 
Purpose 
 
Clear, effective communication is essential to your success as an engineer. Many of the real-
world problems that you will face will be complex and multi-staged, requiring documentation to 
be precise and understandable for team members, supervisory committees, and clients. Clear and 
transparent solutions improve your work with collaborators and increase the safety of the overall 
designs by minimizing any errors due to miscommunication. 
 
In your engineering courses, well-explained and easy-to-follow solutions demonstrate your 
conceptual understanding of the material. Consider the following example: 

 
This homework answer would likely not receive full credit in your course, because instructors 
care about the process you take, not just the final answer. When you write solutions in a 
systematic and organized way, instructors are better able to: 
 

• Provide feedback and support on areas that need improvement.  
• Award more credit for work that shows your steps. 

 
Communicating your work will also improve your understanding of the course material since it 
requires you to understand the process to reach a final answer. Developing these problem-solving 
techniques now will prepare you to be successful in your coursework and later in your 
professional career.  

Problem 1. A 1.5 mm thick sheet of iron separates a chamber containing a 
carburizing gas (meaning carbon tends to enter the alloy) from one that contains a 
decarburizing environment (meaning that carbon tends to leave the alloy). After a 
period of time, the diffusion flux was measured to be 1.5 × 10−8 kg/(m2s) at all 
locations through the thickness of the alloy. Under that condition, it is determined 
that one surface contains 0.02 wt% C and the other surface contains 0.01 wt% C. 
 

a) Indicate whether the problem is steady state. 
b) Determine the diffusion coefficient for C in Fe for the described system.  

 

 



Problem Solution Formatting 
 
The following format provides a framework for solving complex problems. This general 
template will provide a good starting point for many problems you’ll see in your undergraduate 
studies, but some problems may require some modification of the given list. 
 
1. Problem summary: Concisely summarize the problem scenario. This step helps ensure that 

you don’t miss any important instructions and that you answer all problem components. 

a. List the problem statement’s given values, constraints, and boundaries.  
b. Draw relevant diagrams to represent key aspects of the problem. 

c. State the goal of the problem. (What are you trying to calculate? What are the 
unknowns?) 
 

2.  Solution:  

a. Write all relevant base equations in variable form before any numbers are 
substituted. 

b. Write any assumptions and constraints. 
c. Show all necessary steps and mathematical calculations. 

i. Provide narration as you work through the problem solution. Including short 
descriptions between equations helps your reader understand your logic.  

ii. Write solutions in a linear, line under line format where each step is written 
underneath the previous.  

iii. Space out your work to increase legibility. 
iv. Make sure to include units. Show necessary conversions and check that the 

units are consistent across variables to avoid calculation errors. 
d. Box or circle final answer. Include the appropriate number of significant figures. 

 
3. Evaluate answer: 

a. Check that your answer makes sense with the context of the problem. Some common 
conceptual checks are listed below: 

i. Do your units make sense? For example, if you are asked to find a flow rate, 
does your answer have “mol/s” or something comparable? 

ii. Does your order of magnitude make sense? 
iii. Do your mass fractions add to 1? 

b. You may be asked to provide a degree of confidence in your solution based on your 
answer evaluation. As an example, if your answer was order of magnitudes larger 
than the typical range expected for that type of value, you might report a lower 
degree of confidence. As an engineer, it will be extremely important for you to call 
out when answers are clearly not correct to prevent unsafe operations. 



c. Even if the homework problem does not specifically ask you to perform this step, 
performing this step will help you catch any errors in your work and improve your 
conceptual understanding of the material. 

Summary of Problem Organization 
 

Section Content 

Problem Summary 

Define given values, constraints and boundaries 

Draw relevant diagrams 

State goal of the problem 

Solution 

Write relevant base equations in variable form 

Write any assumptions 

Show all necessary steps (include narration & units) 

Answer 
Box, circle, or highlight final answer 

Evaluate answer 
 
Exceptions 
 
The problem organization listed here is a great tool to start many problems, but it’s not possible 
to create a guide that anticipates all possible variations that you will see throughout your studies. 
Some problems may not require you to go through every step described here. For example, a 
conceptual question like in Problem 1A (see annotated example) requires a short answer 
response rather than a detailed mathematical solution. It is important to read the problem 
statements carefully to determine which components are necessary for your problem.  
 
  



Tips for Writing and Submissions 
 

Problems with Code 
 
Like with mathematical problems, code should include comments to describe what is being done 
within the file. Figure 2 shows an example Jupyter notebook with comments that describe the 
function of the Python code and markdown cells that include the approach and rationale for the 
code implementation. 
 

 
Figure 2 | Python example code. Markdown cells describe the numerical integration approach, 
and comments describe the function’s purpose, inputs, and outputs along with its execution. The 
executable file result is printed in the last cell. 
 
If you have questions on getting started in Python, the department has a helpful guide, 
“Introduction to Scientific Python” found at this link: https://docs.cems.umn.edu/intro/intro.html. 
 
Formatting Graphs 
 
Some engineering problems will ask you to sketch or plot data to represent important conceptual 
trends as part of your solution. Whether you are making these graphs by hand or using a 
computer, all graphs should include the minimum components for accuracy and clarity: 
 

• Labeled axes 



• Defined variable symbols in legend or caption 
• Legible and consistent text 

 
Figure 1 shows an example of two types of graphs that you might be asked to generate in your 
courses. If you were asked to sketch how the concentrations of two compounds change over 
time, you might include a sketch like the one shown in Figure 1A.  
 
If instead, you were given more information about the reaction conditions and were asked to plot 
the concentrations using software, you might provide a plot made in Excel like the one shown in 
Figure 1B. When plotting values using software, make sure to scale the x- and y-axes to allow 
for trends and differences to be observed. 
 

                
Figure 1 | Example graphs A. Sketch reactant dimethylfuran (DMF) and product p-xylene 
concentrations over time B. Plot of DMF (●), p-xylene (■), and side product 2,5-hexanedione 
(▲) concentrations over time. Data obtained from open source publication by Patet, et al.[1]. 

 
Electronic Submissions 
 
Many classes now require homework to be scanned and submitted electronically. Here are some 
tips to make sure that your scans are easy to read so that you receive full credit. 

• Double check the quality of your scans to ensure there is no blurring or smudging.  

• Make sure that your images are scaled appropriately for the greatest legibility. Often, a 
standard Letter (8.5’’x11’’) size works well. Do not take extended screenshots since these 
are often generate small, blurry images for different computer operating systems. 
Converting your homework files to PDF will often solve problems associated with sizing.  

• Light pencil markings or dark page colors make it difficult to read solutions. Make sure 
that there is sufficient contrast with your work and the page background. Using a “high 
contrast” setting on your scanner can also help improve legibility. 

• If submitting on GradeScope, connect each problem with the problem statement in the 
submission portal. 

A B 



Annotated Examples 
 
Let’s look back at Problem 1 that was introduced at the beginning of the guide. Here is how you 
might show your work. The problem statement is given again for reference and important values 
are underlined. Notice how these values show up at the beginning of the student’s problem 
solution, so that the solution itself is a stand-alone document with all relevant information. 
 
Part a is an example of an exception to the “Problem Solution Formatting” guide where not all 
the steps in writing out the solution are necessary. While you don’t need to write out equations 
and show mathematical work for this sub-problem, this conceptual question still requires you to 
explain your decision-making rationale in a short answer response. 
 
Part b is an example of a common multi-step problem that requires most of the steps in the 
“Problem Solution Formatting” section. Narration accompanies the mathematical steps of the 
solution, so it is clear what the student is doing and why.  

 
 
Annotated Solution:  

Problem 1. A 1.5 mm thick sheet of iron separates a chamber containing a 
carburizing gas (meaning carbon tends to enter the alloy) from one that contains a 
decarburizing environment (meaning that carbon tends to leave the alloy). After a 
period of time, the diffusion flux was measured to be 1.5 × 10−8 kg/(m2s) at all 
locations through the thickness of the alloy. Under that condition, it is determined 
that one surface contains 0.02 wt% C and the other surface contains 0.01 wt% C. 
 

a) Indicate whether the problem is steady state. 
b) Determine the diffusion coefficient for C in Fe for the described system.  

 
 

Problem # labeled 

Problem summary 

Diagram 

State the objective 

Answer underlined 

Problem solution 
(labeled subproblems) 



 
 

 
 
 
 
 
 
 
 
 
 

Subproblem 
labeled 

Each step written 
underneath previous 

Write base 
equation  

Narration 

Evaluate Answer 

Answer boxed with 
units and the correct 
number of significant 
figures 

Numbers, with units, 
substituted at the last step 

Write base equation  



The following is an example of a well-explain homework solution to a common chemical 
engineering homework prompt. 
 

 
 
Annotated Solution: 
 

 
 

Homework prompt: 
 
Problem 2. A fuel (CxHyO) is burned in air according to the (unbalanced) chemical reactions 
shown below: 
R1: CxHyO + O2 → CO2 + H2O 
R2: CxHyO + O2 → CO + H2O 
 
After reaction, 80% of O2 and all CxHyO in the feed are consumed. Chemical analysis shows 
that the product exiting the reactor contains 7.30 mol % CO2, 3.70 mol% CO, 16.5 mol % 
H2O, 940. moles of N2, and residual O2. The process operates at steady state. Air contains 21 
mol % oxygen and 79 mol % nitrogen. 
 

a) Calculate the flowrate of each compound in the product stream.  
b) Determine the value of x and y using element balances.  

Diagram 

Problem # labeled 

Problem summary 

State the objective 



 

 

Write base 
equation  

Subproblem labeled 

Each step to solve 
written underneath the 
previous step 

Narration 



  

 

Answer boxed with 
units and the correct 
number of significant 
figures 
 

Answer boxed 

Numbers substituted at 
last step and included 
units 
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