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Your experience in college Science, Technology, Engineering and Mathematics (STEM) classes likely include lectures. A 
lecture is an oral presentation, combined with visual aids, that is designed to introduce information to a group audience. 
Many professors use lectures as their primary “teaching” tool.  
 
As a student, you need to be very careful about confusing the idea of instructor “teaching” with your process of learning. 
While lectures are popular on college campuses, this presentation style is notoriously bad at inspiring deep learning. 
Cognitive scientiests have shown that human beings have limited short-term memory. Because of this limitation, much of 
the information presented in a typical lecture comes too fast and is quickly forgotten.  
 
This is a problem: one of the most popular presentation styles in your college classes (lecture) does not allow you to fully 
process all of the information in real time. If you have ever felt overwhelmed, underprepared, frustrated, uncomfortable, 
mystified or anxious during a lecture, you’ve encountered the disconnect between your needs as a learner and your 
experience in lecture.  In this document, we review important ideas about lectures and discuss useful strategies you can 
use to make the most out of lectures in your STEM courses. 
 
Why do professors choose to lecture? 
 

One answer to this question is known as the “apprenticeship of observation.” This is the phenomenon in which 
professors begin their careers having spent thousands of hours as college students. When making decisions about 
how to teach, these young instructors imitate the behaviors they saw in their own college classes. Thus, many 
teachers choose to lecture because of their own experiences learning in lecture-based courses in college.  
 
Another reason professors lecture is to help students simplify the process of encoding new ideas. To begin 
learning new content, each student must convert sensory perceptions (i.e. reading, listening, speaking, etc.) into 
meaningful representations in their brain. Deep learning requires that students also explicitly connect new 
material to related content they have already mastered.  
 
Because many topics covered in STEM classes are quite nuanced, a good instructor will spend lots of time 
scaffolding materials. These teachers design lectures to make connections between new ideas and previously 
studied concepts. A skilled lecturer will also focus the student’s attention on the most pertinent aspects of each 
new idea presented in a course. In doing so, a professor can use lectures to greatly reduce the amount of work a 
student must do prior to each in-class meeting. 

 
Advantages of lecture  
 

There are some advantages to using lecture in the classroom. College teachers can disseminate unpublished 
material, communicate ideas to a large audience in a group setting and weild a great degree of control over the in-
class experience. Students also enjoy a few benefits from lectures. In a lecture-based course, students gain quick 
exposure to new material, are not oblidged to spend lots of time preparing before class, and enjoy an engaging 
delivery format.  

 
Disadvantages of lecture  
 

Lectures place students in a passive (rather than an active) role. Lecturers spend the majority of class time talking 
at students, encouraging one-way communication. This suggests the unspoken belief that teachers are the source 
of knowledge and that learning happens when the teacher is talking. This is not at all how learning works.  
 
In reality, learning occurs when students struggle to understand material and repeatedly test themselves on their 
comprehension of new ideas. Such struggle and assessment seldom happens when a teacher is talking. In short, 
lectures are useful tools for quick dissemination of material but are poorly designed to enhance student learning. 
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How can you use lecture to learn? 
 

Even though deep learning rarely occurs during lecture, there are some useful strategies you can use to take 
advantage of this teaching format. To learn well from lecture, be prepared to spend significant out-of-class time 
engaging with the material after each lecture. Generall speaking, for every one hour of in-class lecture, a student 
who desires an A in a STEM class should expect to spend a minimum of four hours outside of class working on 
that lecture material. More important than time spent are the study habits you use to learn in a lecture-based 
course. Below we discuss useful strategies you can use to guide your studying and maximize your learning.  

 
Step 1: Anticipate lecture content 
 

The night before each in-class meeting, take a few minutes to anticipate what you professor will likely present 
during your next class. To forecast this content, you might review the following:  

☐ your course calendar or the schedule of topics provided in the syllabus 
☐ your notes from the last lecture 
☐ the readings or homework assigned for the next class 
☐ the material presented in the course thus far 

Be sure to check your online course site for useful resources that your instructor may use during lecture. If you 
find any, download these, print them and bring them to class with you. 

 
Step 2: Get enough sleep  
 

Make sure that you get at least 7 hours of sleep before an early morning lecture. If your lecture is in the afternoon 
or evening, plan your breaks during the day so that you will be fresh when lecture starts. Lectures can and should 
be intellectually stimulating. You want to ensure you can devote 100% of your attention to your in-class 
experience.   

 
Step 3: Bring useful materials with you to lecture 
 

Before you leave your home, make sure you have all your learning materials with you. This includes blank paper 
or a notebook, writing utensils, your course syllabus, a red pen, and a highlighter. If your instructor relies heavily 
on a course textbook, you should also bring a hard copy of this book with you to class. Finally, don’t forget any 
handouts that you printed from the online course site.  

 
Step 4: Arrive to class early 
 

Make a concerted effort to get to class at least 10 minutes early. Try to be one of the first students in the room. 
Choose a comfortable seat with good lighting, plenty of desk space and with a good view of the white board or 
viewing screen. As soon as you sit down, get out the materials you will use to create your first draft of lecture 
notes and prepare for class. 

 
Step 5: Develop your intention to learn 
 

While you’re in lecture, develop your intention to learn as much as possible. You’ve made the effort and taken the 
time to attend lecture. Decide to make the most of your time by dedicating yourself to the process of learning 
while in class. Tell yourself: “I am a great student and getting better everyday. This lecture is a chance for me to 
learn and grow. I will work hard during and after this lecture to learn as much as possible from this material.” 
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Step 6: Prepare for class 
 

In the 10 minutes before the start of class, prepare a blank template for the first draft of your lectures notes on that 
day. To do so, you might include the following style elements: 

• Title your notes: “First Draft of Lecture XX: Section YY (p. m - n)”  
• Date your notes (including the date and time that you created these notes) 
• Number each page of your notes 

 
Step 7A: Take notes during class 
 

Do NOT try to write down every word. Remember the average lecturer speaks at 125 – 140 words per minute 
while the average note taker writes at about 25 words per minute. When writing your first draft of lecture notes, 
focus your attention on the most important parts of the in-class presentation. Be selective in what you write: write 
down the most important ideas from class. Also, be as specific and concrete as possible.  
 
You want to include enough details in your in-class notes to be able to answer the following questions:  
 

☐ What definitions and theorems are presented? 
☐ Which examples are given? 
☐ What techniques are demonstrated? 
☐ Which of the ideas presented during lecture are explained in our course textbook? 

Warning: If an idea or technique is presented in class that is not in your textbook, you need to 
figure out how you will get help on this idea outside of class. Office hours are one great resource 
for extra help. Study groups are another possible source of help.  

☐ What clues did you hear that indicate content that the professor thinks is important (i.e. what content 
will likely show up on your next exam)? 

The moment you hear any guidelines about possible exam subjects, make a special note in your 
first draft using a red pen and a highlighter. This will help focus your attention on exam content 
as you return to these notes do write your second draft. 

 
Step 7B: Be strategic when writing your first draft 
 

When creating your first draft of lecture notes, capture key ideas that will trigger memories of the lecture content. 
Be brief and write down only the major points you want to remember later. Be mindful that you will be re-writing 
these notes in a second draft. In the second draft you will fill in the important details and make very careful notes. 

 
Step 7C: Focus on the important content 
 

Because it is impossible to capture everything your instructor says during a typical lecture, focus on the important 
information and ignore the rest. Below are three categories you can use to organize lecture content. As you create the 
first draft of your lecture notes, you can use these categories to focus your mind. 

 
• Important course information 

Professors often discuss specific course information during lecture. This may include review of key 
components of the syllabus, lists of exam dates, comments about homework problems, or recommended 
study strategies. To thrive in a course, you need to be good at figuring out how the course is organized at 
beginning of the term. You also need to continually develop your study skills and strategies to adapt to 
the changing demands of your course throughout the academic term. 
 
One idea to capture this information is to keep a red pen ready during lecture. Any time the professor 
mentions information about the test, important class dates, or other course specific information, put down 
your lecture pen, pick up your red pen and make a note in your first draft. When you write your second 
draft, you can use your notes in red pen to guide your study and give you insights on what you need to do 
to succeed in this class.  
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• Important facts 

Any college course that counts towards an undergraduate degree at an accredited college in the United 
States has a well-written course description. This document serves to communicate the body of 
knowledge that the course instructor is responsible for “teaching” to enrolled students. In lecture, your 
professor lists important definitions, theorems, experiments, case studies, and other factual information. 
By stating these facts, your instructor is attempting to “teach” the required curriculum as specified by the 
course description.  
 
Be aware that you are expected to learn this material. You are also expected to apply these facts to solve 
problems. You instructor will most likely judge how well you’ve learned these ideas based on your 
performance on in-class exams. To succeed, you need to decide which terms and theory are most 
important, develop mastery of this material and demonstrate this mastery on timed exams. 
 

• Key sequences of steps 
Each lecture, your professor may present a set of examples designed to demonstrate important sequences 
of steps used to derive key results and solve specific problems. You professor is demonstrating the step-
by-step symbolic manipulation AND the reasoning behind each step. 
 
Any time you see an example fully worked out during a lecture, you need to understand the entire 
example. To do so, you must understand the logic behind each step, practice the component skills in each 
step, integrate these skills into your understanding of course content and learn when to apply these skills. 

 
Step 8A: Prepare to create a second draft of your lecture notes 
 

Within 12 hours after the end of lecture, you want to start creating your second draft of your lecture notes. To do 
so, find a study area that is quite, comfortable and has plenty of light. Have some blank paper and a writing 
utensil close to you. Also, open your textbook to the appropriate sections and have a copy any online resource that 
will be helpful in understanding your first draft. 
 
As you are writing your second, avoid distractions. Close all other browsing windows (including Facebook, 
Netflix, Hulu, etc.). Turn your cell phone onto airplane mode and shut your door. Minimize background noise and 
diversions. Give yourself 60 – 120 minutes of focused attention. When re-writing your notes, you will acquire 
new skills, which is a very demanding task for your brain. For this reason, it is particularly important for you to be 
free from other distractions. 
 

Step 8B: Format your second draft 
 

Organize the second draft of your notes for easy reference. For example, you might: 
• Title your notes using the Lecture Date and Content titles (e.g. Lecture #3: Vector Modeling) 
• Date your notes (including the date and time that you created these notes) 
• Number each page of your notes 
• Leave room in the left, right, top and bottom margins of your page for questions and thoughts 
• Develop a consistent format to organize your thoughts (outline, table, notecards, etc.) 
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Step 8C: Write your second draft 
 

Using the first draft of your lecture notes, the textbook and any online resources you have available, re-write your 
lecture notes from start to finish. In the second draft, you should fill in as much detail as you think you will need 
to understand each concept. Here are some guidelines you can use: 
 
• Fill in missing algebraic, arithmetic, and logical details: try to do no more than two steps per line. Next to 

each new step, write down which ideas you used to produce new analysis 
 

• Translate ideas into your own words 
 

• Create detailed diagrams with titles, labels, explanations, and visual representations of important variables. 
Specifically identify the significance of each diagram.  

 
• For each new definition and theorem presented in class, create a blank flash card that you can use to test 

your memory. On the front of the flash card, place the word, phrase or theorem name. On the back of the 
flash card, place the complete definition or theorem statement.  

 
• For any questions or concerns that you have about the material, create a check-box style question. Be as 

specific as possible with these questions. Also, highlight each question in a special color so that you can find 
these easily in the future. Plan to speak with colleagues in class or make an office hours appointment to get 
these questions answered.  

 
• Organize your notes into logical form. 

 
 
Understand your learning needs related to your second draft process 
 

Ask yourself: why is it important that I spend time re-writing my lecture notes. The process of creating a second 
draft is time consuming and challenging. In order to commit yourself to this habit, you need to develop strong 
motivation to create these second drafts. To do so, you may find it helpful to understand more about the science of 
learning. Below we introduce key ideas about learning as related to lecture notes.  
 
Very often, young students believe that if a teacher lectures well and is good at teaching “teaching,” this directly 
transfers into deep student “learning.” However, while dynamic lecturers can provide motivation, excitement and 
clarity, each student is responsible for her own learning process.  
 
With this in mind, you might define learning as a process that leads to change, which occurs as a result of 
experience and increases your potential for improved performance and future learning. There are three critical 
components to this definition: 
 
1. Learning is a process, not a product. This process takes place in your mind.  

 
2. Learning involves change in knowledge, beliefs, behaviors or attitudes. This change unfolds over time; it is 

not fleeting but rather has a lasting impact on how you think and act. 
 

3. Learning is not something done to you. Rather, learning is something that you do for yourself. Learning is a 
direct result of how you interpret and respond to your experiences- conscious and unconscious, past and 
present.  
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We can represent the process of learning and developing mastery in four unique stages, given below: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The first draft of your lecture notes helps you move from Stage 1: Unconscious Incompetence into Stage 2: 
Conscious Incompetence. In other words, before you come to lecture, it is very likely that you do not know the 
material that will be presented that day. As you sit through lecture, your professor presents a collection of ideas 
and skills. By the end of lecture, you have a list of a bunch of ideas that you do not yet fully understand.  
 
When you re-write your second draft, you work to move from Stage 2: Conscious Incompetence towards Stage 3: 
Conscious Competence. You do so by carefully analyzing all ideas presented during lecture and by identifying the 
components of each idea presented in class. You create a careful road map that is customized for your learning 
needs and has sufficient details for future study. The reason it is so important to re-write your notes is that this 
process slows down your thinking and allows you to meditate deeply on content before you start practicing the 
ideas during problem solving.  
 



Name:             Class #:  
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5. Think about the article “How to Make the Most of College STEM Lectures” that you just read. What are all 

the reasons this article gives about why in-class lectures not great at inspiring deep learning? Please 
summarize them briefly below. 

 
  

HOW TO MAKE THE MOST OF STEM LECTURES IN COLLEGE WORKSHEET 

1. Did you read pages 1 – 6 of the article “How to Make the Most of STEM Lectures in College” above? 

☐ YES ☐ NO 
  

2. Assume that you desire an A in this course. For each hour of lecture, what is the minimum number of 
hours your should budget outside of class to study lecture material? 

 

3. Within how many hours after the end of each lecture should you begin to create your second draft of that 
day’s lecture notes?  

 

4. Identify all of the suggested steps you might complete to best take advantage of lecture notes in this course. For each suggested 
step, write down techniques you think will be most helpful for you to complete this step. These techniques might be suggestions 
from the reading or might be your own ideas on how you can best execute each step.   
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6. In this article, you learned: 
 

• Learning is a process that leads to change, which occurs as a result of your experience and increases your 
potential for improved performance and future learning  

 
How might the process of re-writing your lecture notes increase your potential to learn in this class? How 
might second drafts of your lecture notes help improve your performance on in-class quizzes and exams? 
How might this help you succeed in achieving your academic goals in this course?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. Look back at the draft of your weekly schedule you made in the “Study Skills Homework 1.” Identify free 

time (time that you do not have to physically be present in class, at work, or in a meeting) you have within 
12 hours of the end of each in-class meeting. Decide on times each week that you can use to re-write your 
lecture notes. Write these times below.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. Use the suggestions given in this activity to write second drafts of your lecture notes for Lesson 0 in which 

we revisited single-variable integration. Attached your second draft for these lessons to this handout and 
submit the packet to Jeff.  

 
 


