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What is Science Literacy?

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

Atmospheric CO, currently measures 418.8 parts per million

Why do we 420 parts per million 418.8ppm April 2023

do science?
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Guardian graphic. Source: NOAA, global CO2, updated on 29 April 2023, Chart baseline is 280ppm - the
preindustrial average. Label number is the trend, not cycle, value.

Dragos and Mih, 2015; The Guardian



What is Science Literacy?

science?

science?

-I>_bd|\)|—L

N O Ul

O

. Identify a valid scientific argument
. Evaluate the validity of sources

Evaluate the use and misuse of scientific information

. Understand elements of research design and how they

impact scientific findings/conclusions

. Create graphical representations of data
. Read and interpret graphical representations of data
. Solve problems using quantitative skills, including

probability and statistics

. Understand and interpret basic statistics
. Justify inferences, predictions, and conclusions based

on quantitative data

Gormally et al., 2012



What is Science Literacy?

science?

Science and society

science?

are connected




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



What is Science Literacy?

N

© o

= WN =

o

. Identify a valid scientific argument

Evaluate the validity of sources

. Evaluate the use and misuse of scientific

information

. Understand elements of research design and

how they impact scientific findings/conclusions

. Create graphical representations of data

Read and interpret graphical representations of data

. Solve problems using quantitative skills, including

probability and statistics
Understand and interpret basic statistics

. Justizly inferences, predictions, and conclusions

based on quantitative data

Gormally et al., 2012



Increasing scientific literacy is a

goal of science courses
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Figure 1. Percentage of faculty who rated these skills (described in
Table 2) as important to very important (4-5 out of a 5-point scale),
and percentage who currently teach and assess these skills (n = 167
faculty participants teaching a Gen Ed course).

Gormally et al., 2012



Increasing scientific literacy is a
goal of science courses

We should be teaching and
assessing student science literacy
skills

igure 1. Percentage of faculty who rated these skills bed In
Table 2) as important to very important (4-5 out of a 5-point scale),
and percentage who currently teach and assess these skills (n = 167
faculty participants teaching a Gen Ed course).

Gormally et al., 2012



Antibiotics kill viruses as well as bactena.
(faise)

| The continents have been moving apart
for millions of years.
(true)

The universe began with a huge explosion
(true)

0 20 40 60 80 100
Percent Correct

et...

Table 5. Mean pre- and posttest scores of students from each course with calculated ¢ value and effect size, as well as scores from biology
faculty experts?®

Mean % correct (SE) Internal consistency
e
Pretest Posttest P Effect size Pretest Posttest
Project-based nonmajors at public research university 61.71 (1.05) 70.76 (0.96) 10.51% 0.83 0.734 0.758
Traditional nonmajors at public research university 58.33 (0.99) 65.45 (0.92) 9.65* 0.48 0.718 0.713
Biology majors at pﬁblic research university 61.72(0.71) 67.13 (0.75) 7.65* 0.33 0.682 0.761
Biology experts N/A 91.43 (0.98) N/A N/A N/A

2Pre- and posttest internal consistency is shown.
b - 0.05 (indicates significant gains).

Impey et al., 2011; Gormally et al., 2012
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| Antibiotics kill viruses as well as bactena
(faise)

The continents have been moving apart

.E: UA GenEd

We can more effectively teach
skills

science literacy

Traditional nonmajors at public research university

Biology majors at pﬁblic research university

Biology experts

58.33 (0.99)

61.72 (0.71)
N/A

65.45 (0.92)

67.13 (0.75)
91.43 (0.98)

0.758
9.65% 0.48 0.718 0.713
7.65% 0.33 0.682 0.761
N/A N/A N/A

APre- and posttest internal consistency is shown.
b - 0.05 (indicates significant gains).

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



Models focus on connections

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



Models focus on connections
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Models focus on connections

* 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
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Models focus on connections

* 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

Long et al., 2014



Context Matters!

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

Student motivation increases when given
context of learning

Bransford et al., 2000; Hurd, 1970
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Models are good
instructional tools because
they focus on connections
and can integrate concepts

\ across disciplines y

Increasing science literacy is often a goal of
introductory biology classes

can be_ includes understanding % gives context
taught with : ) ) that he|ps
G = The connection between science and society o e
* needed because
Science literacy is used in situations ranging from
college courses to interacting with popular media
but ;
We can be more effective in teaching and assessing
science literacy skills
I :
< leading us to ask
( )

&

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?

/" Student motivation to
learn increases when

students understand the

purpose (the reasoning)
and impact on society

J

\_ (the application) Y,




Personal Motivation

Why does this
matter once I
pass this class?
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Increasing science literacy is often a goal of
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classroom
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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?




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



ODbj. 1: Science Literacy
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Week 4 Week 16
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Science Literacy Survey: 28 multiple choice questions

3.

[ Evaluate the use and misuse of scientific information ] [

a.

Which of the following actions 1s a valid scientific course of action?

A povernment agency relies heavily on two industry-funded studies in declaring a chemical found
in plastics safe for humans, while ignoring studies linking the chemical with adverse health
effects.

Journalists give equal credibility to both sides of a scientific story, even though one side has been
disproven by many experiments.

A government agency decides to alter public health messages about breast-feeding in response to
pressure from a council of businesses involved in manufacturing infant formula.

Several research studies have found a new drug to be effective for treating the symptoms of
autism; however, a government agency refuses to approve the drug until long term effects are
known.

Identify a valid scientific argument

]

Creators of the Shake Weight, a moving dumbbell, claim that their product can produce “incredible
strength!™ Which of the additional information below would provide the strongest evidence
supporting the effectiveness of the Shake Weight for increasing muscle strength?

a.

Survey data indicates that on average. users of the Shake Weight report working out with the
product 6 days per week, whereas users of standard dumbbells report working out 3 days per
week.

Compared to a resting state, users of the Shake Weight had a 300% increase in blood flow to

their muscles when using the product.

Survey data indicates that users of the Shake Weight reported significantly greater muscle tone
compared to users of standard dumbbells.

Compared to users of standard dumbbells, users of the Shake Weight were able to lift weights
that were significantly heavier at the end of an B-week trial.

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

]

13. The lead researcher was quoted as saying, *I think diet soda drinkers need to stay tuned, but [ don’t
think that anyone should change their behaviors quite yet.” Why didn’t she wamn people to stop
drinking diet soda right away?

a.
b.

o

The results should be replicated with a sample more representative of the U.S. population.

There may be significant confounds present (alternative explanations for the relationship between
diet sodas and vascular disease).

Subjects were not randomly assigned to treatment and control groups.

All of the above

[

Justify inferences, predictions, and conclusions based on

]

quantitative data

21. Considering the information presented in this graph, what is the most critical flaw in the blogger’s
arpument?

a.

b.

Violent crime rates appear to increase slightly after the introduction of the Intellivision and SNES

game systems.
The graph does not show violent crime rates for children under the age of 12, so results are

biased.
The decreasing trend in violent crime rates may be caused by something other than violent video

cames
The graph only shows data up to 2003. More current data are needed.

Gormally et al., 2012
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ODbj. 2: Student Models
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Obj. 3: Experiment Context

Modelling Activity

Week 4 Week 12 Week 13 Week 15 Week 16

Presentation 1 Presentation 2

' Section A Section B | 'Section C |




« Describes a problem of broad
significance

« Communicates how bacteria get into the
environment

« Communicates how it might be a health
concern

Presentati()n « Communicates reason for choice of

research project

RU bI"IC « Makes ankaccdur%te claim about BOTEI the
. team task and the section’s researc
Includes: question

« Discusses the implications of the findings
on human health

* Discusses how the findings address the
problem of broad significance
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« Communicates how bacteria get into the
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« Communicates how it might be a health

Where concern
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* Discusses the implications of the
findings on human health

* Discusses how the findings address
the problem of broad significance



Obj. 3: Experiment Context

Modelling Activity

Week 4 Week 12 Week 13 Week 15 Week 16
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Project Timeline

Pre-survey Modelling Activity Post-survey

Week 4 Week 12 Week 13 Week 15 Week 16

Presentation 1 Presentation 2

l[Section A Section B | | 'Section C |




(" Models are good

\ across disciplines

instructional tools because
they focus on connections
and can integrate concepts
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can be_ includes understanding % gives context
taught with - : i that helps
= = The connection between science and society [l ————

J

I struggled to
understand the
relevance and
application of

introductory biology

labs outside the
classroom

Increasing science literacy is often a goal of
introductory biology classes

* needed because

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

but

v

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

leading us to ask

/" Student motivation to
learn increases when

students understand the

purpose (the reasoning)
and impact on society

(the application)

\. J

important to o A 4
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?
Pre-survey Modelling Activity Post-survey )
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Expected Results

Obj. 1: Science Literacy Obj. 2: Student Models
|

Obj. 3: Exp. Context

Section A

Section A

Sections
B+C

Section B

Score increases

Expect greater increase in Expect good connections between

section B relevance through predictions
(linear)

Expect pre scores around Expect fewer connections directly

60% and post scores around between results and reasoning

67% (circular)

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
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Models provide
Broadly, science Student drawn context that might
literacy might models provide an increase student
increase through insight into understanding of

modelling activities student learning the connections
that focus on and thought between science
connections processes and society for an
experiment




|l essons Learned

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

Cooperative learning: difficult to analyze in this case
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