
Paper ID #28413

Work in Progress: Inquiry-Based Lessons for Introduction to Engineering
Instruction

Dr. Michelle M Blum, Syracuse University

Dr. Blum is interested in research in improving undergraduate engineering education; including develop-
ment of inquiry based activities for first year engineering courses, improvement of student design projects,
hands-on activities, professional skills development and inclusion and outreach activities. Dr. Blum also
specializes in high performance materials development and characterization for tribological (friction and
wear), structural, and biomedical applications.

c©American Society for Engineering Education, 2020



 
 

Work in Progress: Inquiry-Based Lessons for  

Introduction to Engineering Instruction 
 

Abstract 

 

This Work in Progress describes efforts to introduce Inquiry-Based Learning (IBL) instruction to 

an introduction to engineering course. Inquiry-based approaches uses inductive teaching strategies. 

The class is Introduction to Engineering and Computer Science for Mechanical Engineers. It is a 

required class for incoming freshman students that is held in the fall semester. The motivation 

behind this Work in Progress is to address the problem that even though education research has 

proven inductive learning promotes deeper and longer retention of information; most university 

engineering classes are still primarily lecture based. Therefore, students are oblivious to the 

benefits of the methods and thus are resistant to the learning approaches. The method employed to 

aid this problem was developing a series of worksheets that use IBL strategies to introduce 

introductory engineering material. Preliminary assessment of the effectiveness of this approach 

was conducted by comparing summative exams and real-time feedback of student thoughts using 

a daily in-class reflection. Preliminary analysis of the exam comparison and student reflections is 

promising. From reflections, the majority of the students filled out the statement sections of the 

reflection sheet. Fewer students filled out the question portion, indicating that they comprehended 

the IBL lessons. Initial exam comparisons indicated that the IBL approaches support increased 

student learning of the conceptual aspects of technical concepts.  

 

Introduction 

 

Many educational experts recommend that a fundamental paradigm shift needs to occur in 

engineering education [1]. Both students and teachers need to acquire and implement pedagogical 

skills that currently are not prevalently found in college teaching of engineering. This work aims 

to address the following problems; first, the majority of university engineering classes are still 

taught in an archaic presentation lecture style [2]. Second, most students are unaware of the 

benefits of inductive learning and think that they prefer deductive, passive presentation of material 

[3, 4]. 

 

This work in progress aims to address these problems by exposing students to IBL instruction at 

the earliest possible point in engineering curriculum. By using IBL instruction in Introduction to 

Engineering courses, students will learn the skills necessary to move beyond passive, transmission-

based learning, and will engage in inductive learning opportunities from their first semester in 

college.  

 

Background  

 

Inquiry-based approaches are a form of inductive teaching that emphasize the student’s role in the 

learning process [5]. During class time, students are empowered to explore concepts, ask questions, 

and share ideas. Instead of the instructor lecturing to passive listeners about the material. A primary 



 
 

aim of IBL strategies is student involvement, which leads to increased understanding and retention 

of material. All IBL strategies use common elements including active small-group discussion [6]. 

 

Inquiry-based learning models are well established in education. Originating in the 1960s, the 

inductive pedagogies have been used in primary and secondary school education [7-9]. There are 

several different inquiry-based instruction levels [10, 11]. Level 1 is where students follow the 

lead of a teacher as the entire class engages to confirm a principle or concept through an activity, 

where the results may or may not be known in advance. An example of this would be the whole 

class working on an experiment with professor working through the steps with the students. Level 

2 is when students investigate a teacher presented question using teacher prescribe procedures. An 

example of this is students working on a teacher made worksheet while the teacher walks around 

the class to answer questions. Level 3 is where students investigate a teacher-chosen topic/question 

using student designed or selected procedures. For example, students designing an experiment to 

solve a specific problem a professor gives them. Level 4 is where students choose their own open 

topics or questions to investigate, and they use procedures that are student formulated. An example 

is students choose and design their own product to solve a worldwide need.  

 

In primary education, teachers are encouraged to scaffold the levels into their curriculum; 

beginning with Level 1 and working up to Level 4. Beginning instruction at the lower levels help 

to develop student’s inquiry skills and their motivation and excitement for the learning methods 

[12]. However, in secondary education, the levels are implemented more discretely and the format 

of class is highly dependent on the subject matter. Particularly, STEM disciplines (science, 

technology, math, and engineering) trend toward the use of Levels 1 thru 3 for their required 

undergraduate classes, with maybe the exception of a senior capstone class, while other disciplines 

(social science, language arts, and education) are suited to more prevalently utilize Level 4 [13]. 

 

The effectiveness of IBL has been assessed at a range of institutions and for a variety of courses. 

At the college level, IBL methods have been used for teaching general chemistry [14], foreign 

language [15], information technology [16], computer science [17], and materials science [18]. 

For the science and math courses, mostly Level 1 and 2 methods are implemented with proven 

success. One example in chemistry showed that over a four year period, the attrition rate (scores 

of D, F or withdraw from course) of students taught with a Level 2 IBL strategy decreased to 9.6% 

from 21.9% versus traditional teaching methods [14]. However, as with all learning approaches, 

the gains the students achieve is impacted by the differences of instructors and the conditions of 

the classroom [19-21]. 

 

Using IBL methods is not yet prevalent in engineering curriculum. Currently textbooks are only 

on the market for freshman level math and science courses [22, 23], and sophomore or junior level 

engineering science courses [24, 25]. It is anticipated that implementing IBL practices early in the 

curriculum will lead to increased success of student learning with IBL at any level of engineering 

education. 

 

Implementation 

 



 
 

IBL Worksheets were developed that introduce engineering material to first-year undergraduate 

students. The worksheets draw on different IBL instruction levels. The topic chosen was 

Dimensions and Units. This area fell under the first Course Level Outcome and was associated 

with ABET Outcome 1, namely to “Develop an ability to identify, formulate, and solve complex 

engineering problems by applying principles of engineering, science, and mathematics” [26]. For 

each topic within Dimensions and Units, there are Daily-Level Student Outcomes. A summary of 

the activities developed along with their outcomes and the class period where they were taught is 

given in Table 1. 

 

Table 1: Summary of IBL worksheet activities created.  

Activity Title Daily-Level Student Outcome 
When it was 

taught 

1 

Fundamental 

Dimensions 

and Units 

Students learned to identify physical quantities in terms of 

dimensions and units. 
Lecture 2 

2 

Primary and 

Secondary 

Units 

Students learned to (1) Differentiate between fundamental and 

derived units, (2) Recognize the different unit systems, and (3) 

Recognize the different primary, secondary and derived units in 

each system. 

Lecture 2 

3 

Dimensional 

Analysis and 

Homogeneity 

Students learned (1) What Dimensional Homogeneity is and (2) 

How to apply it to engineering problems to understand the meaning 

of outcomes even before numerical solutions are calculated. 

Lecture 3 

4 
Unit 

Conversion 

Students learned to (1) Systematically convert units from one 

system to another and (2) Use knowledge of dimensions and units, 

along with conversion rules in the solution of engineering problems. 

Lecture 4 

5 
Significant 

Figures 

Students learned how to (1) correctly display units when solving 

engineering problems and (2) write numerical answers with correct 

significant digits. 

Lecture 4 

 

In fall 2019, the classes on Units and Dimensions using were taught using IBL. Typically, a class 

period was organized and executed as follows: 

1. When a new topic was introduced, a brief introduction was given. Alternatively, a review of 

the previous classes’ material was given, if it were a continuation of topic.  

2. Students were released to work in groups of 3-4 (studies recommend no more than four in a 

group [27]). Student roles were not prescribed within a group. There are several reasons for 

not prescribing roles. Key among them is by letting students invest in all rolls, the instructor 

attempted to mitigate the typical typecasting of female group members becoming note takers 

[28]. Everyone wrote her or his own notes. In addition, this helped to address the engagement 

of introverts within a group, but did not place pressure on them to present [29]. 

3. The groups worked on the activity for a designated amount of time. The amount of time varied 

depending on the level of the IBL activity and the components of the worksheet. Typically, the 

minimum time given for a worksheet was 7 minutes and the maximum was 20 minutes.  

4. While the students were working, the instructor walked around and observed each group. When 

students asked questions, the instructor tried not to directly answer the worksheet questions, 

but rather guided the students to discover the answer themselves. This was accomplished by 

responding to a student’s inquiries with leading questions, or rephrasing the topic in a different 

manner. 



 
 

5. If the instructor observed that the majority of the class was struggling with a particular section 

or question, they stopped the group work briefly and addressed the entire classes’ confusion.  

6. Once the allotted work time was up, the instructor actively engaged the class in reviewing the 

answers to the worksheet. Keep in mind that the instructor did not give the answers. The class 

was responsible for explaining the answers along with the instructor.  

7. Steps 1 thru 6 were repeated for each worksheet. For a 50 minute class period, typically 1-2 

worksheets could be covered and for an 80 minute period 2-3 worksheets were completed. 

8. Students kept the worksheets as notes for studying and reference for homework.  

9. The last five to seven minutes of class time was always reserved for reflection. The reflection 

was in the form of “Wow…Duh…Hmm” [30]. In the reflection, students were asked to fill in 

three boxes: (1) Wow: I did not know that! (2) Duh: everyone knows that and (3) Hmm: I’d 

like to review/lean more about that. The instructor reviewed the reflections prior to the next 

lecture. This served to gage student feelings about the worksheets and helped the instructor 

adjust the next class as necessary. 

 

Worksheet Examples and Explanations  

 

The five activities created were mostly IBL Level 2, because the students answered teacher 

developed questions using prescribe procedures. Examples of selected worksheets can be found in 

Appendix A. Each activity was structured such that it met the daily-level student outcomes. In 

addition, each question set nominally can be broken up into three categories.  

 

The first category were questions that build on student’s prior knowledge in order to help them 

ultimately develop a definition or explain a concept. An example of this is Activity 1 shown in 

Appendix A.1. Most students are familiar with units by the time they enter college, but they are 

not familiar with the concept of dimensions. They lack fundamental understanding of the 

relationship between dimensions and units or why they are both important. Activity 1 is intended 

to help them define and compare dimensions and units before they even use numbers. Another 

example is the first set of questions for Activity 3 (questions 3.1 thru 3.13) shown in Appendix 

A.3. This activity began by using student’s prior knowledge of the definition of homogeneity, 

which they learned most likely from beginning chemistry. The students were given a simple object, 

a nail file, with a list of quantities that define the product and how it works. Student worked through 

a series of questions where they developed equations that define the nail file, namely “how heavy 

the file would be?” and “how much nail particles would be removed when you run the file over a 

nail once?” Students compared these two equations in terms of fundamental dimensions and units. 

For the first equation about weight, the students deduced that the equation that would define 

“heavy” is not valid because the base dimensions of each relevant parameter are all different. For 

the second equation about filing effectiveness, the equation is valid because all of the terms have 

dimensions of length. Working through this activity ultimately led to the students defining 

mathematical homogeneity in their own words.  

 

The second category were questions that direct students to recognize and recall specific 

information. For these, students were asked to work with and read a graph or a table. An example 



 
 

of this is Activity 2 shown in Appendix A.2. This activity focuses on students learning to 

differentiate between fundamental and derived units, recognize the different unit systems, and 

identify the different primary, secondary and derived units in each system. In this activity, students 

read from the different tables and fill in the missing cells with unit names and/or symbols.  

 

The third category was application questions that help students practice solving problems using 

the introduced concepts. An example of this is in Activity 3 the second set of questions (questions 

3.14 thru 3.20). This IBL activity gives students practice using dimensional analysis to check 

whether an equation is valid or invalid and determine the dimensions of a physical quantity or 

engineering constant if they are unknown.  

 

Also included at the end of most of the activities were higher-order thinking questions or 

straightforward exercises that have the students apply the content they just learned. An example is 

the final pair of questions in Activity 3 (questions 3.21 and 3.22). Here, students were asked to use 

dimensional analysis to determine an unknown constant (Modulus of Elasticity). Another example 

of exercises with the concepts occurs again in Activity 4 question 4.6 shown in Appendix A.4. 

Students use unit conversion to calculate “How many times does a honeybee flap its wings in one 

week.” 

 

Assessment 

 

In fall 2019, approximately 15% of the classroom lectures were switched to an IBL format, which 

was presented to the entire class. Preliminary assessment of the impact of the worksheets utilized 

two markers. Early summative assessment used the exam where the Unit and Dimensions topics 

were covered. Specifically, exam questions from the Fall 2018 course offering (where all the 

classroom lectures were deductive based) was compared to exam questions from the Fall 2019 

offering. Specifically the True/False, and multiple-choice questions that assessed the units and 

dimensions topics. Examples of representative questions from the sections of both exams can been 

seen in Figure 1. For the True/False and multiple-choice sections the average in Fall 2018 was an 

81%, with the average being an 93% in Fall 2019. This is promising, showing that the students 

seem to better understand the conceptual material being taught with the inquiry worksheets. 

 

For real-time feedback, students were asked to write an in-class reflection after each lesson. The 

reflection was in the form of “Wow…Duh…Hmm” [28]. Activities 1&2 were performed on the 

same day and Activities 4&5 were performed together, so students reflected on those activities in 

the same form. Figure 2 displays the quantity of responses received in each category. The results 

show that the students mostly filled out the statement sections of the reflection sheet. Specifically, 

an average of 38 ± 7% of students filled out the “Wow” category, 39 ± 7% filled out the “Duh” 

section. Fewer students (average 23 ± 0.6%) filled out the question “Hmm” portion, indicating that 

overall they comprehended the worksheet topics after the inquiry lessons.  



 
 

 
Figure 1: Examples of representative questions from the True/False and Multiple Choice sections of 

both exams that assessed concept understanding from the IBL worksheets.  

 

 
Figure 2: Quantity of Responses for each inquiry reflection worksheet sheet.  

 

To qualitatively investigate student feedback, the responses were categorized based on worksheet 

learning goals and the concepts being taught. From reading the responses, some distinct learning 

trends appeared.  

 

Activities 1&2 responses are shown in Figure 3. With Activity 1, most students were aware of, 

and could list examples of either the S.I. units, U.S. units or both systems, but they struggled to 

explain or define the concept of a dimension (code B). In addition, they could not explain the 

relationship between dimensions and units (code C). The students felt the first activity really taught 

them to define the terms, compare the terms and explain their importance. For Activity 2, the 

majority of students could list some fundamental units (Code E). Student’s main mistakes were 

calling “weight” a fundamental dimension instead of “mass.” Also, they did not know the 

fundamental dimensions of “light” and “amount of matter,” so they were very interested in learning 
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more about those quantities (code E). Finally, students knew most of the primary units in either 

the U.S. or S.I. unit system. However, they were unfamiliar with most of the secondary units (such 

as force), so they wanted to learn more (code F). Examples of student responses for Activities1&2 

can be seen in Appendix B.1.  

 

 
Figure 3: Responses based on themes from Worksheets 1&2. Responses are coded based on the 

following themes: (A) What is a unit?, (B) What is a dimension?, (C) Relationship between units 

and dimensions, (D) Primary and Secondary Units, (E) Unit quantities and symbols from the 

charts, (F) Unit systems (SI/US), (G) Other. 

 

Activity 3 responses are in Figure 4. For Activity 3, many students already had a preconceived 

definition of homogenous (code A) with regard to substances. They were able to leverage this past 

knowledge into learning to define “dimensional homogeneity” (code B). However, students 

struggled with the engineering applications of the concept. Specifically, they wanted to learn more 

about how to check whether an equation of any physical phenomenon is valid or invalid and 

determining the dimensions of a physical quantity or material constant that they are unfamiliar 

with (code C & D). Examples of student responses for Activity 3 are in Appendix B.2. 

 

 
Figure 4: Responses based on themes from Worksheet 3. Responses are coded based on the 

following themes: (A) What is homogeneity?, (B) What is a dimensional homogeneity?, (C) Valid 

versus un-valid equations, (D) Applying dimensional homogeneity, (E) Other. 
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Activities 4&5 responses are shown in Figure 5. The majority of students were familiar with all 

the topics from worksheets 4&5. Specifically unit conversions, significant figures and rounding 

(Codes A, B and C). However, students still indicated that they would like to learn more about 

application and practice of the topics. Finally, there was a fatigue with the “Wow…Duh…Hmm” 

reflections. Total relevant comments decreased from 329 responses for Activities 1&2, to 213 

responses about Activity 3, down to 195 responses for Activities 4&5. Examples of student’s 

reflection forms for Activities 4&5 are in Appendix B.3. 

 

 
Figure 5: Responses based on themes from Worksheets 4&5. Responses are coded based on the 

following themes: (A) Unit conversions, (B) Significant figures, (C) Rounding numbers, (D) Other. 

 

Conclusions and Future Work  

 

While this method shows promise, there are several limitations to this Work in Progress. 

Specifically, work samples were not collected, because students used the worksheets as notes. 

They referred to them for homework and for studying. In the future, a process will be developed 

so that work samples can be collected, copied to be used for assessment, and then returned to 

students for reference and study purposes. Also, IBL approaches have not been fully implemented 

in the class, and thus comprehensive assessment data comparing standard lecture format with 

inquiry format is not yet available. Assessment of student learning using the inductive approach 

vs. the control deductive approach needs to be addressed in a long-term longitudinal study. Also, 

for this initial work in progress the class size is relatively stable (around 60 students). Therefore, 

in the future, a more comprehensive study will address the suitability of the current approach for 

large versus for small classes. One technique that will be implemented next class offering is direct 

comparison of short answer questions. A short answer question from when the class was deductive 

based in 2018 can be given in future exams and compared.  

 

Overall, the use of IBL methods has the potential to greatly improve the teaching and learning of 

first year engineers. It will educate students early in their college career to the benefits and skills 

essential to inductive learning. Over time, students will see improved retention and satisfaction in 

their learning. While a number of issues remain unaddressed, this work is progress is a very 

promising step in the development of improved first year engineering curricula.   
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Appendix A: Examples of selective IBL Worksheets.  

 

A.1: Example of IBL Worksheet for Activity 1.  

 

  



 
 

A.2: Example of IBL Worksheet for Activity 2. 

 

 



 
 

 

 
 



 
 

 
 

 

 

 



 
 

A.3: Example of IBL Worksheet for Activity 3. 

 

 
 

 

 



 
 

 
 

 

 



 
 

 
 



 
 

 
 

 

 

 



 
 

 
 



 
 

A.4: Example of IBL Worksheet for Activity 4. 

 



 
 

 
 

  



 
 

Appendix B: Examples of In-class student responses to “Wow…Duh…Hmmm” 

 

B.1: Student reflections for Activities 1 and 2. 

 

 

  



 
 

B.2: Student reflections for Activity 3. 

 

 

  



 
 

B.3: Student reflections for Activity 4 and 5. 

 
 

 


