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Topics/Goals for in-class activities: 

• Interpreting time and order in geologic cross-
section diagrams

• Creating a phylogenetic tree or cladogram

• Inferring the location of the Ancient Rocky 
Mountains from rocks exposed today on the plains. 
(Guest lecturer: Lon Abbot)

Three new in-class activities were introduced in an 
introductory geology class of ~ 165 students. 

Each activity focused on ONE learning goal/idea and was 
limited in number of images/information that can be used.



How did you figure out what topics to use in small in-class 
activities?   We worked “backwards”!
Step 1: Identify the learning goals/objectives for the course. 
No matter how appealing an idea was for a potential activity, it had to be in line with 
the main goals of the course. 

Step 2: Identify ideas/goals that would be presented multiple times 
throughout the course.
For all in-class activities, we chose learning objectives/ big ideas that are seen in 
multiple contexts throughout the course. For example, phylogeny and cladograms
were presented in many different fossil? animal groups to show change through time. 

Step 3: Compare existing course material (e.g. lectures, homeworks, 
quizzes) with the ideas/goals that ran through the course. 
All of the material used in the in-class activities existed as either homework, quizzes, 
or on tests from previous versions of the course. The material was then repackaged 
in a way to limit the amount of direct explanation from the instructor. 

Step 4: Have fun and leave the “need to control the classroom” at 
home Okay – not sure what this means, especially the ‘at home’ part.



How were the in-class activities implemented in the 
classroom?

• Students were shown an image/figure via powerpoint projection,  
and hard paper copies were passed out in most cases. 

• Paper copies were limited to 1-2 pages, if used. 

• Time for the activities ranged from 20-30 minutes depending on 
how much discussion occurred.

- Most cases it was 15-20 minutes for activity, followed by a  
10-minute discussion.

• Instructor and one other person (e.g., STF) walked around the 
room answering questions. 

• Each in-class activity had a follow up/summary in class and 
related to a homework assigned within a week.

• Relevant clicker review questions in following lecture. 



Did students stay on task and work with each other?

•Students did focus when a task was given to them. However,  our in-
class observations revealed that not all students chose to work with 
their neighbor. This may be due to fixed, auditorium style seating that 
did not allow for easy “turn-around” for discussion. 

•Therefore, it was important to follow up with clicker or other 
discussion questions following the in-class activity that would 
encourage participation (and interaction) by everyone in the class. 



How did we follow up the students’ in-class activities?

Immediately:

Use of clicker questions (e.g., 
Relative Dating exercise)

Faculty asking/answering student 
questions in class session

Recording student responses on 
board/PPT slides to emphasize 
value

“Long-term”:

To make the message ‘stick,’
homeworks build off of the main 
idea presented in in-class activity.

E.g., Phylogeny and Cladistics
activity was followed by a 
homework that asked students to 
use a similar approach to determine 
the relationships of fossil horses 
(classic case of evolution). 



How useful can a short in-class activity actually be? Doesn’t 
it have to be a long, in-depth process for students to benefit? 

No way!
•In-class activities give students an opportunity to “do” something 
instead of just listening –shift from passive to ‘active’ learning!.  As soon 
as students become active in their learning (such as trying to solve a 
problem), they care more about their learning, and they discover what 
they are confused about (Hendelsman et al., 2004). 

•THE biggest determinant of an in-class activity’s success is having a 
clear learning goal or objective as well as the time for students to reflect 
on the activity (Handelsman et al., 2007). 

•Due to time and space limitations imposed by a large auditorium-style 
classroom, we decided to focus on one idea per activity and we then 
followed up on that idea with homework. 



Yes! In a survey, students were asked about an idea that they learned 
in the course and what helped them learned that idea. While students 
still identify “pure lecture” as the main source of information, many 
students attributed the combination of in-class activities and homework 
as a way to make sure that they understood lecture information. 

Selected student responses on what they found useful for 
learning.

“plate tectonics. the one lecture/activity was very beneficial. It 
reinstated information from 1010.”. 

“I loved learning how to read the different layers of rocks, i.e. the first 
homework. I enjoyed that. The activity and homework prepared me for 
the test!”

“I really learned cladistics while doing the in-class activity on the same 
topic.”

Did the students actually appreciate the small activities?
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Students viewed in-class activities as being just as helpful as 
clickers and homework in their learning. 



Is having three in-class activities over a 15- week semester 
enough?

It is a good starting point. Students’ responses suggest they 
appreciate in-class activities to not only help with their learning, but also 
to make the class more interesting. About half of students that 
participated in the survey said they would not change the course (48.2% 
of responses). 

THE most common suggestion to change the course was to have 
MORE in-class activities (8% of students responses) followed by MORE 
homework (6% of student responses). 

The great majority of students taking the survey really liked the in-class 
activities!  A single student out of 78 surveyed responded that he/she 
did not like the in-class activities. This student also mentioned a 
general? dislike for all science and preferred to do bare minimum to 
pass the class for his/her science requirement. It is unclear if their low 
interest in science is connected with dislike of the in-class activities 
(Jen- I think I’d remove this last sentence; your audience will ‘read’ this 
message without actually having to state it). 



“ Maybe make the homework more of an in-class assignment, 
to not only encourage attendance, but to also have a more interactive 
learning experience.”

“make the course kind of a half activity/ half lecture type of class”

The instructor does an amazing job helping us understand 
everything. My problem is that I suck at science and had a very 
rough semester, so I did not get good grades. But i love the 
instructor's in-class teaching methods.

“No, the course ran very smoothly and was very interactive which 
helped to keep my attention.”

Selected student suggestions for changes to Spring 2009 
GEOL 1020 course with in-class activities:

“if there were more in class activities it would be more helpful”
“more clickers and interactive stuff ”
“More small group activities”



IN-CLASS ACTIVITY: Interpreting Time and Order in 
Geologic Cross-sections – Here’s what you NEED: 
Materials used:

• Powerpoint slides

• Hand outs of cross sectional diagrams

• Clicker (personal response system) 

Set up: virtually none

• Many students were introduced to the idea of relative dating (determining order) and 
Steno’s Laws, the “rules” used in GEOL 1010, but may not have put those ideas into 
practice. 

• Activity was presented to the students before the “rules.” Steno’s laws and relative 
ordering diagram were re-introduced by the GEOL 1020 instructor.  

• Implementation was based on “innovation” approach use by Schwartz (year). 

Duration of activity: 15-20 minutes

• Students were instructed to determine the order that rocks appeared in a cross 
section and to identify “rules” they can use to determine relative ordering (or age).  

•Instructor and STF walked around classroom answering and asking questions. 



Follow up: ~ 10 minutes using clicker questions

• After 20 minutes, students were asked to describe their observations and  
guidelines from working through the exercise; these were written on an 
overhead.  

• The official phrasing of Steno’s laws was introduced and linked with students’
responses. 
• Copies of cross-section images were projected and students chose the order of 
events using clicker responses. Students were asked to explain which rule applied to 
determine order. 
• Followed with homework assignment for students to do same task with more complex 
example. E.g., The Grand Canyon. 

Examples of student-derived guidelines for relative geologic dating
• Igneous intrusion came later.
• Everything horizontal at first.
• Something cut through another rock, that rock had to be there first.
• Metamorphism usually comes after with pressure and heat.
• See one rock type on one side, you should see it on the other side. 
• Erosion comes before another layer is deposited.
• Inclusions are older than the rocks that they are in. 



Geologic cross section puzzlesGeologic cross section puzzles: : 

How can you tell the order of geologic events (e.g. How can you tell the order of geologic events (e.g. 
faults, erosion) and rocks from a cross section?faults, erosion) and rocks from a cross section?

• Work with your neighbors. 

• Indicate the sequence by adding numbers in the circles 
to represent which groups of rocks came first, second, 
third, etc. Note the number “1” is used to represent 
the oldest event.  

• It is NOT expected that you will get the sequences 
correct on the first try.  

• Describe the reasoning you used in determining the 
relative order of the events in the various diagrams.  



Fill in the Cladogram

A

Outgroup

•Write in the derived traits (synapomorphies) along 
the cladogram

•Write in the species across the top



Fill in the Cladogram (follow-up)

A B

Outgroup

Reduced toes <5

4
3 (or fewer) toes, tall teeth, 
incr. body size, horns present

Large body size, large horns

•Write in the derived traits (synapomorphies) along 
the cladogram

•Write in the species across the top

D C E
1 toe

*Whether a trait is considered derived versus primitive is 
relative.  On the above cladogram, 4 toes is derived 
compared to 5 toes, BUT primitive compared to 1 toe.



Okay, so why would you (the instructor) want to use in-
class activities in a large (>150 person) class?

•It changes the learning environment from a passive to an active 
one!  Students participate more in their learning experience, they get 
more excited about it, AND by actively being involved, they seem to 
care more about what they’re learning. 

•Students have some control over what is learned, and how a 
class/lecture proceeds.

•Students get to know and interact with their neighbors (this can be an 
important support network for a student, particularly when he/she 
misses lectures and needs to borrow notes) AND their instructor(s).  I 
noticed the Geo-club in my GEOL 1020 – the 4 GEOL majors + ENVS 
major tended to sit together and interact a lot. 


