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What is Science Literacy?

• The skills people need to make use of scientific knowledge 
in real situations

Why do we 
do science?

How do we 
do science?

How do we 
interpret 
results?

How do we 
use our 
results?

Dragos and Mih, 2015; The Guardian



What is Science Literacy?

1. Identify a valid scientific argument

2. Evaluate the validity of sources

3. Evaluate the use and misuse of scientific information

4. Understand elements of research design and how they 
impact scientific findings/conclusions

5. Create graphical representations of data

6. Read and interpret graphical representations of data

7. Solve problems using quantitative skills, including 
probability and statistics

8. Understand and interpret basic statistics

9. Justify inferences, predictions, and conclusions based 
on quantitative data

Why do we do 
science?

How do we do 
science?

How do we 
interpret 
results?

How do we 
use our 
results?

Gormally et al., 2012
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are connected 



Why do we do 
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How do we do 
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interpret 
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How do we 
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What is Science Literacy?

Science and society 
are connected 

“understanding the interrelations of science, 
technology, and society may be as important as 

understanding the concepts and processes of science”

Gallagher, 1971
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Increasing scientific literacy is a 
goal of science courses

Gormally et al., 2012



Increasing scientific literacy is a 
goal of science courses

We should be teaching and 
assessing student science literacy 

skills

Gormally et al., 2012



Yet…

Impey et al., 2011; Gormally et al., 2012



Yet…

Impey et al., 2011; Gormally et al., 2012

We can more effectively teach 
science literacy skills



• Models illustrate phenomenon, systems, or processes; 
something that explains the natural world

Models focus on connections



Models focus on connections

NASA



• Models illustrate phenomenon, systems, or processes; 
something that explains the natural world

• Box and arrow model: way of representing relationships 
between concepts

Models focus on connections



Models focus on connections

Agarose Gel 
Electrophoresis

results are 
visualized by

DNA fragments
Polymerase Chain 

Reaction (PCR)

are amplified by



• Models illustrate phenomenon, systems, or processes; 
something that explains the natural world

• Box and arrow model: way of representing relationships 
between concepts

• Beneficial for teaching science literacy because:
• Reflect science as it is practiced
• Focus thinking on connections
• Facilitate learning about complex systems

Models focus on connections

Long et al., 2014



Student motivation increases when given 
context of learning

Social context of science is most appropriate in 
teaching general education science

Context Matters!

Bransford et al., 2000; Hurd, 1970



Teaching As Research Question
How are scientific literacy skills and students' ability to 
present their experiment results in context impacted by 
modelling connections between experimental reasoning, 
results, and application in an introductory biology lab?

Increasing science literacy is often a goal of 
introductory biology classes

We can be more effective in teaching and assessing 
science literacy skills

Models are good 
instructional tools because 
they focus on connections 
and can integrate concepts 

across disciplines

Student motivation to 
learn increases when 

students understand the 
purpose (the reasoning) 
and impact on society 

(the application)

The connection between science and society

can be 
taught with

gives context 
that helps

Science literacy is used in situations ranging from 
college courses to interacting with popular media

leading us to ask

but

includes understanding

needed because



Personal Motivation

Why does this 
matter once I 

pass this class?



I struggled to 
understand the 
relevance and 
application of 

introductory biology 
labs outside the 

classroom 

important to 
me because Teaching As Research Question

How are scientific literacy skills and students' ability to 
present their experiment results in context impacted by 
modelling connections between experimental reasoning, 
results, and application in an introductory biology lab?

Increasing science literacy is often a goal of 
introductory biology classes

We can be more effective in teaching and assessing 
science literacy skills

Models are good 
instructional tools because 
they focus on connections 
and can integrate concepts 

across disciplines

Student motivation to 
learn increases when 

students understand the 
purpose (the reasoning) 
and impact on society 

(the application)

The connection between science and society

leading us to ask

but

includes understandingcan be 
taught with

gives context 
that helps

needed because

Science literacy is used in situations ranging from 
college courses to interacting with popular media



Objectives
1) Characterize student scientific literacy near the beginning of 

an introductory biology lab and compare to post-course 

assessment of scientific literacy

2) Analyze the connections students make in a box and arrow 

model representing their experiment including reasoning, 

results, and application

3) Compare and contrast student explanations about the 
reasoning and application of results between students who 
constructed a box and arrow model connecting their 
experiment reasoning, results, and application and students 
who did not



Course 
Information

Students in three recitation sections of 
an introductory biology lab; Spring 2023            
(BS171: Cells and Molecules Lab)

During recitation – all taught by the 
same instructor

Over 100 students per section

Assignments are graded by different 
instructors based on lab section 



Pre-survey Post-survey

Section A Section B

Week 4 Week 16

Obj. 1: Science Literacy



Science Literacy Survey: 28 multiple choice questions

Evaluate the use and misuse of scientific information
Understand elements of research design and how they 

impact scientific findings/conclusions

Identify a valid scientific argument
Justify inferences, predictions, and conclusions based on 

quantitative data

Gormally et al., 2012



Week 4 Week 16

Obj. 1: Science Literacy

Modelling Activity

Week 13

Pre-survey Post-survey

Section A Section B

Analysis: Compare improvement 
in science literacy between 

section A and section B



Section C

Week 13

Obj. 2: Student Models

Section B

Modelling Activity



Team 
Task

Why is the outcome 
of prediction 1 

important? (citation)

What is a potential 
impact of your team 

task for society? 
(citation)

Gene

Prediction 1 Prediction 2

The SOMETHING 
impacts bacterial 

communities

The SOMETHING 
does not impact 

bacterial 
communities

Why is this question 
important? (citation)

Why is this 
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you?

Identified by
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outcome of 
prediction 2 
important? 
(citation)

Connector 
word

Extra symbols:

Text Text box

Relevant 
for
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Example of Expected Result



Section C

Week 13

Obj. 2: Student Models

Section B

Modelling Activity

Analysis: Qualitative 
comparison of models to 

identify the types of 
connections students are 

making



Presentation 1 Presentation 2

Section A Section B Section C

Week 4 Week 12 Week 13 Week 15 Week 16

Obj. 3: Experiment Context

Modelling Activity



Presentation 
Rubric 
Includes:

• Describes a problem of broad 
significance

• Communicates how bacteria get into the 
environment

• Communicates how it might be a health 
concern

• Communicates reason for choice of 
research project

• Makes an accurate claim about BOTH the 
team task and the section’s research 
question

• Discusses the implications of the findings 
on human health

• Discusses how the findings address the 
problem of broad significance



Where 
students 
typically 
struggle:

• Describes a problem of broad 
significance

• Communicates how bacteria get into the 
environment

• Communicates how it might be a health 
concern

• Communicates reason for choice of 
research project

• Makes an accurate claim about BOTH 
the team task and the section’s 
research question

• Discusses the implications of the 
findings on human health

• Discusses how the findings address 
the problem of broad significance



Presentation 1 Presentation 2

Section A Section B Section C

Week 4 Week 12 Week 13 Week 15 Week 16

Obj. 3: Experiment Context

Modelling Activity
Analysis: Compare score 

improvements between students 
who completed the model and 

students who did not



Presentation 1 Presentation 2

Week 4 Week 12 Week 13 Week 15 Week 16

Project Timeline

Pre-survey Post-survey

Section A Section B Section C

Modelling Activity



Obj. 1: Impact of 
modelling activity on 

science literacy

Obj. 3: Impact of 
modelling activity on 

student explanation of 
results in context

Compare surveys 
between A and B

Compare presentation scores 
between A and B+C

Pre-survey

Presentation 1

Modelling Activity

Presentation 2

Post-survey

Section A Section B Section C

Week 4 Week 12 Week 13 Week 15 Week 16

I struggled to 
understand the 
relevance and 
application of 

introductory biology 
labs outside the 

classroom 

important to 
me because Teaching As Research Question

How are scientific literacy skills and students' ability to 
present their experiment results in context impacted by 
modelling connections between experimental reasoning, 
results, and application in an introductory biology lab?

Increasing science literacy is often a goal of 
introductory biology classes

We can be more effective in teaching and assessing 
science literacy skills

Models are good 
instructional tools because 
they focus on connections 
and can integrate concepts 

across disciplines

Student motivation to 
learn increases when 

students understand the 
purpose (the reasoning) 
and impact on society 

(the application)

The connection between science and society

leading us to ask

but

includes understandingcan be 
taught with

gives context 
that helps

needed because

Science literacy is used in situations ranging from 
college courses to interacting with popular media



Expected Results

Obj. 1: Science Literacy Obj. 2: Student Models Obj. 3: Exp. Context

pre post

Section A

Section B

%
 C

o
rr

e
c
t

• Expect greater increase in 
section B

• Expect pre scores around 
60% and post scores around 
67%

Section A

Sections 
B+C

S
c
o
re

 i
n
c
re

a
s
e
s

• Expect sections B and C will better 
connect their results back to their 
reasoning section

• Expect sections B and C to explain 
more “why” the experiment is 
important instead of “what” a specific 
problem is

• Expect good connections between 
relevance through predictions 
(linear)

• Expect fewer connections directly 
between results and reasoning 
(circular)

A B+C

0

20

40

60

80
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have could 
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could
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Takeaways

Broadly, science 
literacy might 

increase through 
modelling activities 

that focus on 
connections

Student drawn 
models provide an 

insight into 
student learning 

and thought 
processes

Models provide 
context that might 
increase student 
understanding of 
the connections 
between science 

and society for an 
experiment



Provide repetition and feedback: integrate box and arrow 
modelling into earlier parts of the course

Cooperative learning: difficult to analyze in this case

Lessons Learned
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student explanation of 
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No Impact No Impact

Increase 
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Increase quality 
of explanation

Box and arrow 
models can be useful 

tools to increase 
science literacy

The modelling activity 
was not successful 

Students have increased 
their ability to explain the 
reasoning and application 

of their experiments
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understand the 
relevance and 
application of 

introductory biology 
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classroom 

important to 
me because Teaching As Research Question

How are scientific literacy skills and students' ability to 
present their experiment results in context impacted by 
modelling connections between experimental reasoning, 
results, and application in an introductory biology lab?

Increasing science literacy is often a goal of 
introductory biology classes

We can be more effective in teaching and assessing 
science literacy skills

Models are good 
instructional tools because 
they focus on connections 
and can integrate concepts 

across disciplines

Student motivation to 
learn increases when 

students understand the 
purpose (the reasoning) 
and impact on society 

(the application)

The connection between science and society

leading us to ask

but

includes understandingcan be 
taught with

gives context 
that helps

needed because

Science literacy is used in situations ranging from 
college courses to interacting with popular media

Repetition throughout the semester may be 
needed to make an impact



Thank you



Questions?
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