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4. PRE-POST-ACTIVITY ASSESSMENT
• Increase in MCQ scores from pre to post- activity assessment (Fig. 1).
• Place-based questions (Fig. 2) show no consistent improvement in average score. Possibly due to scoring 

system or lack of familiarity with characteristics of the specific locations.

Sample multiple choice questions (MCQs):
Shaking during an earthquake can:
a) liquefy unconsolidated sediments, 
b) causing destruction of buildings on top of them; 
b) generate a tsunami;
c) trigger landslides; 
d) cause rigid buildings to collapse; 
e) all of these

Fire related hazards in California increase with 
continued climate change because: 
a) Climate change will likely alter the atmospheric 
b) patterns that affect fire weather; 
b) projected higher summer temperatures will likely 
increase the annual window of high fire risk; 
c) regional drought years produce high fuel moisture, 
reducing flammability; 
d) increased winter rainfall saturates ground level 
fuels so fires are less frequent and are smaller; 
e) answers a and b only  

How can climate influence hazards associated with 
hydrologic processes?
a) it controls the amount of precipitation, which 

affects the amount of erosion; 
b) it affects the size and intensity of storms; 
c) wet climates result in less vegetation because 

plants are washed away; 
d) melting glaciers cause sea level to drop; 
e) both a and b

1. CLASS: GEOS 101 (GENERAL GEOLOGY)
• Fulfills the GE science with lab requirement for non-majors
• New curriculum implemented in two sections: 140 students in “theater lecture hall” & 70 students in room 

with mobile desks.
• Has an associated lab, with sections taught by TAs, but content not aligned between lecture and lab.

2. FALL 2016 COURSE REDESIGN
Goal: improve students’ science literacy in an 
engaging manner. 

Techniques:
• Active learning exercises in every lecture
• Clickers to borrow for the semester
• Student assistants (majors) to facilitate in-class discussions
• Redesign curriculum to focus on applied topics relevant to students’ daily lives, and focus on place-based 

examples

3. NEW EXERCISE: WHAT HAZARDS SHOULD WE

CONSIDER AS RESIDENTS OF NORTHERN CALIFORNIA?
• Builds on prior class topics (geology of northern California, volcanic and seismic hazards and 

risks, hazard mitigation)
• Integrates with new hazards (landslides, fire, flood, sea level rise)
• Pedagogy: Work in science teams to identify issues & solutions (modified gallery walk)

Instructions:
• Describe the important hazards associated with each location 
• Rank importance of hazards as high- med- low
• Explain reasoning for each ranking

Determining the factors that affect the effective incorporation of active-learning 

techniques into a large introductory geology class.
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7. IMPACT OF NEW ACTIVITIES ON FIRST GENERATION

STUDENTS
Average grades for the class overall increased with the redesign. However, contrary to our expectations the grades of our 
first generation students actually deteriorated (Figs. 6 and 7, Table 1). 

Since active learning has been noted in the literature to increase the achievement of first generation students (Haak et 
al., 2011), this was surprising. We investigated how our first generation students had scored on individual questions, as 
discussed above, and found that in most activity-related questions they scored higher than non-first generation students 
(Figs. 8 and 9). Incorporation of the activity-based learning seems therefore to be aiding the students on individual 
exercises but too little to increase their grades overall.

6. ACTIVITY-RELATED OR BOOK-RELATED QUESTIONS: 
EXAMS
We investigated our exam data to see whether these differences in score persisted across an entire exam. Using our 
Scantron data, we averaged the scores across all reading-related questions and across all activity-related questions for 
each midterm in GEOS 101. Exam 1 was also administered in F17 to GEOS 101 and our science/engineering student 
equivalent, GEOS 102 (see Fig. 5). All students scored consistently higher on activity-related questions than book-related 
questions.
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MC Landslide Qs:
1. Use the Landslide Susceptibility map to determine the 
landslide susceptibility for most of Santa Barbara County. 
a. 0 b. III c. V d. IX
e. answers a and d 

2. Which of the following factors are used to determine the 
landslide susceptibility of a location? 
a. slope b. rock strength c. rainfall
d. most recent earthquake   
e. answers a and b 

http://www.conservation.ca.gov/cgs/information/publications/ms/documents/ms58.pdf

MC Book Question: 
4. Which of the following factors favors movement of a rock 
slide?
a. layers that are inclined opposite to the slope of the hill
b. solid rock with few preexisting joints or faults
c. a massive rock with no bedding or other through-going 

discontinuities
d. a valley or other open space downslope from the rock 

slide
e. all of the above

SA Landslide Qs: 
3. Give the general factors that increase the probability of 
a landslide in Butte County (you can use the Landslide 
Susceptibility map if that is useful). 

a. Factors that can make this area vulnerable to 
Landslide:

b. Impacts on the community:
c. Mitigation and/or Adaptation strategies (label 

these strategies as “mitigation” or “adaptation”). 

MC Book Question: 
4. Which of the following cannot cause a tsunami?
a. faulting    b. an underwater landslide
c. a volcanic eruption;  d. a strike-slip fault on land     
e. all of these are correct
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8. CONCLUSIONS
• Multiple choice questions on pre-post activity show active learning is effective in teaching geologic hazards.

• Place-based questions show no consistent improvement in the students’ assessment of potential geologic hazards based on 
location alone. Our chosen scoring system may be prone to low scores overall, but differences in scores for different locations 
could be due to a lack of personal knowledge about the specific locations. 

• All students score higher on activity-related exam questions than on book-related questions. It is not clear whether students 
simply didn’t do the reading, or whether their recall is less consistent from material they absorbed through reading rather than
doing (as in the active-learning based class sessions). Although we intuitively knew that it is most appropriate to use questions 
closely aligned with activities to test student learning rather than using book-related questions, but now that we have quantified 
our data we recognize the obligation to reform our test questions.

• Results support the use of active learning in the classroom but suggest that even more active learning, along with aligned 
assessments, may be required to improve the success of first generation students and reduce the achievement gap. In doing so,
we may achieve additional benefits in areas of attracting students to the geosciences, growing their interest and increasing 
diversity in the geoscience majors and workforce.
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Fig. 4: Scores from individual activity-related or book-related exam questions about 
landslides from section 02 of GEOS 101 F16. n = 55.
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5. ACTIVITY-RELATED OR BOOK-RELATED QUESTIONS: TSUNAMI AND LANDSLIDES
When examining our data, we noticed that students tend to score higher on exam questions related to active-learning exercises (either in-class or as pre-class homework) than on 
questions related to pre-class readings from the textbook, even though online MCQ quizzes are used before every class to test that they are reading and comprehending the textbook. 
It isn’t clear whether the students are not reading the textbook, or not comprehending what they are reading.
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Tsunami contour activity SA questions:
1. Construct the X hour contour for this map
2. Describe how can you use this map to determine the time at which 

the Tsunami wave will arrive at a specific location (what data do 
you need, how will you use that data?)

3. At what time did the Tsunami arrive at Juneau, AK? (note the 
earthquake occurred at 6:00 am) 
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a) Earthquake shaking
b) Landslide
c) Lahar 
d) Ash fall
e) Tsunami
f) Flooding
g) Sea level rise
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Fig. 6: % of first generation (blue) and non-first generation 
(orange) students who achieved each letter grade in Fall 2015.

Fig. 7: % of first generation (blue) and non-first generation (orange) 
students who achieved each letter grade in section 1, Fall 2016.
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Fig. 8: Average % scores of first generation (blue) and 
non-first generation (orange) students for tsunami 
activity-related or book-related questions for all 
students, Fall 2016.

Fig. 9: Average % scores of first generation (blue) and 
non-first generation (orange) students for landslide 
activity-related or book-related questions for section 2, 
Fall 2016.
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1st Generation: more low 
grades than Fall 2015

1st Generation Non-1st

Generation

2015 % DFW 24 16

2016 % DFW 25 12

2015 % Pass 76 84

2016 % Pass 75 88

Table 1: Table showing the proportion of first generation and 
non first generation students achieving a passing or a failing 
grade in Fall 2015 and 2016. 


