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INTRODUCTION 

A course textbook can have a significant effect on the learning of students [1]. When designed well and selected 
correctly, it can provide a strong support to student learning and help them develop a wider understanding of topics [2]. 
Textbooks can serve as preparation materials that students can read before coming to class, a resource for assigning and 
completing homework, an aid to supplement or clarify material covered in class, a study aid to prepare for examinations, 
and more. 

However, just because a course has an accompanying text does not mean it will benefit student learning. If a text is not 
designed in an effective manner or not incorporated well into the course, it is easy for it to just become an expense with 
little positive contribution [3]. A poorly selected or utilised textbook can lead to student frustrations, especially given 
the typically high cost. Without an effective course text, students struggling with course material are limited in help 
resources. This problem is exacerbated for non-traditional students who need to predominantly study during evenings or 
weekends when instructors may not be available. Not all students have access to reliable Internet connections, while off 
campus, so these students can be dependent on physical resources like a textbook. 

For this project, a course book was created for a first-year engineering (FYE) course. It was written in direct response to 
many student requests received on end of the semester course evaluations throughout a three-year period. In this article, 
the author reports the considerations made while creating the book and the observed benefits from utilising the text 
within the classroom.  

The course book was written for a first-year engineering (FYE) course at a medium-sized university in the Midwest of 
the United States of America. The goal of the FYE course, ENGR 100, is to develop and strengthen students’ 
understanding of mathematics and science concepts and engage them with the material by using engineering 
applications. Prior to this project, ENGR 100 did not have a designated course book. There was a recommended 
textbook, but students did not technically need to access the book in order to complete the course. 

On course evaluations, students commented that they would try to use the recommended text when they were struggling, 
but they were often frustrated with how the book did not entirely align with the course and felt that the writing was 
difficult to understand, because they felt it assumed prior engineering knowledge. Because of this, students did not feel 
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that it was worth the cost. Consistently mediocre student feedback about the existing recommended textbook was 
a primary driving force behind the development of a personalised course book. 

In addition to wanting a text that was more useful to students, the author also wanted to decrease the financial burden. 
Students in the fall 2019 semester of ENGR 100 reported spending an average of over $280 on textbooks for that single 
semester. With many students needing to work in addition to taking a full course load (80% of the fall 2019 class), 
it was important to the author that finances would not limit a student’s access to the resource. One way to decrease the 
financial burden from textbooks is for students to purchase electronic copies. However, 73% of surveyed ENGR 
100 students reported preferring to study with paper versions of textbooks over electronic copies. Because of this, 
the author wanted to ensure flexibility, so that students could access the course book in a manner best for them. This was 
especially important considering the observed number of students who do not have reliable Internet at home, because 
they commute daily from rural areas without strong Internet infrastructure. 

METHODS 

Course Book Design Considerations 

The course book was written during the summer of 2019 by a FYE faculty member. The book was written using 
a common word processor software, so that the author could easily make future edits as needed. This is important, 
because courses constantly adapt and change what content is covered and what course goals are addressed. Maintaining 
the book in a format that is easily changed allows the author to adapt content to continually fit the needs of the course. 
The structure of the book directly mimicked the order the material is covered within the semester. This was done to help 
students navigate the book more efficiently and to make it easier for instructors to direct students to helpful sections. 
It also served to remind students how closely linked course content and book content was. 

When writing the course book, emphasis was placed on including fully worked out example problems and practice 
problems at the end of each chapter due to strong evidence that practice problems are a highly effective way to learn and 
retain information [4]. The author wrote all explanations in a conversational tone instead of a technical tone that could 
be overwhelming to first-year students. The course book presented material in a variety of ways to increase 
understanding and retention of material for a wider variety of students. In the literature, students showed increased 
success in courses where instructors presented information using varied techniques [5]. 

Varied delivery methods not only keep students engaged, but also help reach a wider range of learning preferences. 
Engineering students often prefer learning to solve problems with standardised methods and prefer information 
presented in visual aids like figures [6]. To accommodate this, many types of figures and example problems with 
formalisms that distil complex problems down into consistent steps were included. 

Each chapter started with an overview of the topic, which included descriptions of real-world applications and how each 
engineering degree offered at the University could potentially use the material in their future career. This helped students 
relate to, and understand, the importance of the material before they delved into the math in order to avoid the dreaded 
student attitude of, when will we ever use this? At the end of every new concept, a fully worked out example problem 
helped students understand how the new material could be applied. Every chapter also had a student success topic 
embedded into the text. For example, students were taught how to create their own formalisms to solve categories of 
problems. This made new material less overwhelming and help tackle new scenarios. At the end of each chapter, 
additional practice problems were listed to give students another opportunity to practice the new material. The solutions 
for the additional practice problems were provided at the end of the book. The solutions were purposely physically 
separated from the problem statements to encourage students to attempt these problems before reading the solution. 
A common trap seen with new students is they read the solution without trying the problem and assume they know the 
information just because the solution made sense as they read it. 

When choosing the distribution format, flexibility was a top priority to eliminate access barriers like inconsistent or no 
Internet access at homes, cost, inability to carry around heavy physical texts, and reading style preference of electronic 
or paper forms [7-9]. The book was electronically posted to the ENGR 100 course Web site through the University 
learning management system (LMS). Students were then encouraged to either 1) access the book through the Web site 
each time they needed it; 2) download and save the file to a device, or 3) print out the book so that they had a paper 
copy. This gave the students flexibility to engage with the course book in the method they preferred and eliminate 
financial barriers.  

Data Analysed 

To study the effectiveness of the course book, there were two main data sources collected: usage statistics totalled at 
the end of the semester (16 weeks) and a student survey given during week 10. All reported data was collected during 
the fall 2019 semester. This semester, there were three lecture sections taught by three different instructors with 
an average of 40 students per section. Because the course book author taught one section, all data was not viewed until 
after final grades were submitted to minimise any biasing of the results. 
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Throughout the semester, ENGR 100 instructors kept an electronic copy of the course book posted to the course LMS 
page. The LMS tracked how many times students viewed the file throughout the semester. It only collected a straight 
count of views, not the duration. At the beginning of the semester, students were notified that this data was going to be 
collected and viewed after the semester was completed. This safeguard eliminated the possibility that instructors could 
be biased towards a student depending on their course book usage, and it also helped avoid students feeling like they 
needed to open the course book a lot just to look good to the instructor. The usage data was tallied as the number of 
views per student for each day of the semester, and the LMS calculated the number of views per hour of the day and 
the number of views per day of the week.  

Although the usage statistics did provide helpful information about the overall usage trends, they may not fully capture 
how frequently students interacted with the text. First, if a student downloaded and saved the book to a device, then their 
recorded number of views would be lower than a student who accessed it through the Web site every time even though 
they may use the book just as often. Second, a student whose schedule allows them to study for longer periods of time 
may appear to access the book less frequently than a student who can only study in small bursts. They may be using the 
book the same amount overall, but one could have a visibly lower recorded usage. 

The second data set collected was a survey completed by the students 10 weeks into the semester. Students completed 
the survey during the computer laboratory component and no instructors were present while it was completed. 
The survey asked students about their usage of the course book, what elements they used the most, their preference 
between electronic versus paper books, and requested feedback about perceived strengths and areas for growth. 

RESULTS 

During the assessment period, there were three sections of ENGR 100 that used the course book. Section 1 was taught 
by a veteran instructor who had previously taught the lecture four times. Section 2 was taught by the course coordinator 
course book author who had taught the lecture 11 times. Section 3 was taught by a new instructor who had not taught 
the lecture part of the class before, but was familiar with the course content. Enrolment was similar across all sections of 
the course with the number of students ranging from 37 students to 43 students (see Table 1). 

Table 1: Course enrolment and course book views per student reported per section for the fall 2019 ENGR 100 class. 
This data was collected from the first day of classes through the last day of finals week. 

Section 1 Section 2 Section 3 
Number of students enrolled 43 42 37 
Total number of views for the semester 3699 4446 3834 
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Average 88.1 105.9 103.6 
Standard deviation 36.6 35.3 53.1 
Minimum 25 45 23 
Maximum 189 196 281 

The largest benefit of the new course book was that students used it and used it a lot. The number of views were 
collected and tallied by the course LMS. Students enrolled in Section 2 had the highest number of total views and 
average views per student (Table 1). It also had the smallest standard deviation. This was the section taught by the 
author, so the higher number of views could be a by-product of the author emphasising the book more or students 
feeling obligated to view the book more. However, all three sections viewed the book significantly more than the author 
originally anticipated. An interesting feature is the minimum number of views per student. 

On the student survey given out 10 weeks into the semester, 34% of students reported that they had not used the course 
book yet. However, by the end of the semester all students had viewed it a minimum of 23 times. The instructors 
anticipated students using the course book more in the last part of the semester, because historically students have 
struggled with this material more. Section 3 had the highest maximum number of views per student with a student 
viewing the course book 281 times during the semester. 

Although it is tempting to say that a student with a high number of views is a student who is engaging with the course 
book more, that is not necessarily true. As discussed previously, a limitation of the usage data collected by the LMS is 
that it does not record how long the student had the course book file open. Additionally, depending on how a student 
accessed the book, their usage count may be artificially low. 

On the survey given in week 10, 31% of students reported accessing the book through the Web site every time they needed it, 
22% saved an electronic copy to a device, only 8% printed out a paper copy to use, and 7% said they used a combination of 
electronic files and paper copies. The 37% of students that saved or printed the file could have artificially low views. 
Even though the number of views is not a perfect metric of how much a student engaged with the course book, the author 
found it extremely positive that all students within the course interacted with the book multiple times by the end of the 
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semester. On the survey, students commented that they liked having the option to access the book through many methods. 
There were two students who wished it was directly available in print format like a regular textbook. However, both students 
also commented that they understood that option would cost money, and the zero cost was more important to them. 

In addition to wanting to understand how students were accessing the book, the author wanted to quantify what times of 
the day and what days of the week students were accessing the book. One of the motivations for writing the book was to 
give students a thorough instructional resource to access outside of traditional work hours. Most instructors are not 
consistently available to help students during the night and on weekends, but many ENGR 100 students report 
completing schoolwork during these times because of work, family and other obligations.  

The three lecture sections showed similar trends across the week with usage primarily during the work week and only 
7% of views on Saturday and Sunday. Although students did not regularly use the book on the weekend, many accessed 
it during the evening hours. An average of over 21% of views occurred between the hours of 19.00 and 07.00. This is 
a promising result, because it means that students who previously did not have a comprehensive course resource during 
instructor off hours are now able to get help on course material. 

When developing the course book, one of the goals was to make it useful for a variety of study needs. By adding many 
example problems with fully worked out solutions, additional practice problems with solutions, and text written in 
a conversational tone, the author hoped to provide a useful resource for students to complete homework assignments, 
study for examinations, and help learn material covered in lecture that they needed additional time with. As shown in 
Figure 1, 10 weeks into the semester students reported predominantly using the course book to prepare for examinations 
and help complete weekly problem sets. 

Figure 1: Reported reasons students used the course book during the fall 2019 semester. Students were able to select 
multiple options for this question.  

In Figure 1, students could select more than one option. Over 51% of students reported using the course book to study 
for the course examinations, 47% of students used the course book to help solve the weekly problem sets, and over 32% 
of students used the book to help understand new material covered in lecture. 

Figure 2: Elements of the course book that students reported using the most during the fall 2019 semester. Students were 
able to select multiple options for this question.  
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When asked what elements of the book students used, the example problems were the most used as shown in Figure 2. 
Over 60% of students reported that they used the example problems, and 34% of students used the written explanations 
(text). An unexpected result was that only 25% of students reported using the additional practice problems located at 
the end of each chapter. This was surprising because instructors announced to the class that the additional practice 
problems were given as examination review problems in previous semesters. The author assumed more students would 
access this component especially before examination time.  

Each semester students are asked to rate the effectiveness of the course textbook as part of the end of the semester 
course evaluation conducted by the University. Students rate the book on a Likert scale of 1 = poor to 4 = excellent. 
The results of this survey from the fall semesters of 2016 through 2019 are shown in Figure 3. 

Figure 3: Course evaluation ratings of the ENGR 100 book during the fall semesters of 2016 through 2019. 

From 2016-2018, the old ENGR 100 textbook was rated an average of 2.5, which is exactly between fair and good. 
Student comments about the old book usually focused on the cost and how the writing did not help them understand 
course material. The new course book rated at 3.5 (between good and excellent). With the wording of the survey 
question presented in Figure 3, it is not possible to separate how much of the rating jump was due to the students truly 
liking the new course book more versus students just liking that the new book was free. However, on the survey given 
10 weeks into the semester, students were asked to respond to the prompt, …I believe the strengths of the ENGR 100 
course book are... 82 out of 95 students provided responses to this question. Only four of the responses mentioned the 
price of the book as a strength, and three of those students also listed other components of the book as strengths. 
Students commented that the strengths of the course book were the step-by-step example problems, making sure we have 
adequate resources/examples to fully understand the material, and the fun writing style. 

Moving forward, the author is continuously working to improve and adapt the course book to meet student needs. 
The course book is currently being reviewed by two upperclassmen students who took ENGR 100 as first-year students 
and have served as teaching assistants for the course. They provide a unique perspective, because they are familiar with 
the course material from a student and instructor perspective. These students have been asked to look for areas of 
growth in explanations and develop recommendations for example problems to add. It is the author’s goal to treat 
the course book as a dynamic text that will continue to grow and change to meet student needs and address any changes 
to course content and goals. 

CONCLUSIONS AND RECOMMENDATIONS 

Overall, developing the course book was a positive and rewarding experience. Although it was a large time commitment 
and a daunting project, the author feels that it is an important part of the course and has made the student learning 
experience better. All students enrolled in the course viewed the course book many times throughout the semester. 
The book gave students an additional and substantial study aid to use in times when their instructors were not available, 
and students utilised and appreciated the flexible access format. 

The largest benefit to designing a personalised, flexible textbook is that students used the book and used it often. 
Additional benefits were 1) the author was able to design the text to match the student population’s mathematics and 
science backgrounds; 2) students appreciated access flexibility and accessed the book regularly throughout the semester 
via a variety of methods; and 3) because the text was free to students, there were no financial barriers or burdens for 
accessing the instructional resource. 
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