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The aim of this study was to evaluate and report on the impact of an in-school
science outreach program on children’s self-reported science knowledge, engagement,
and skills through a case study of the Science North in-school outreach program
“Mission to Mars.” A logic model method was used to outline the specific inputs,
outputs, and measurable outcomes of the program. The program outcomes evaluated
in this study were (1) experimentation skills, (2) critical thinking skills, and (3) sense of
wonder. Results from pre-post surveys demonstrated that participants had increased
program topic knowledge. Students self-reported positive emotions toward science
more frequently following exposure to the program. Students’ sense of wonder toward
science and toward space also increased post-program. This increase in positive
emotion toward science could, in the short-term, increase student motivation toward
science, which could lead to lasting interests in science in the long-term. Only a small
number of students reported an increase in experimentation and critical thinking skills
post-program. These skills take time to develop, and the single short-term program
evaluated in this study may not have given students enough exposure to these skills
for them to experience and show a noticeable change. The results of this study can
provide informal science institutions like science centers with important insights into
the potential learning impact of their in-school outreach programs, and can be used
to improve current and future programs. Other organizations with in-school science
outreach programs can benefit from using the methodology in this study to evaluate
their programs, as this research includes a combination of innovative data collection
methods such as concept maps to determine what students associate with the word
“science,” and the use of an emoji scale to capture student emotions toward science.
From a larger perspective, this study evaluating the impacts of in-school science
outreach could demonstrate the potential benefits and outcomes of this unique area of
informal learning, further solidifying the importance of incorporating these inquiry-based
programs into classrooms.

Keywords: evaluation, in-school science outreach, experimentation, critical thinking, knowledge, science center,
informal science
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INTRODUCTION

It is now well accepted that science learning is a continuous, on-
going process with elements that span beyond the walls of formal
school classrooms (Dierking et al., 2003; Stocklmayer et al., 2010;
Falk and Dierking, 2019). Science learners engage with science
through interacting with the natural world, lived experiences,
prior knowledge, and everyday interactions (Dierking et al.,
2003; Bell et al., 2009; Falk and Dierking, 2018a), and much
of science learning occurs in informal environments such as
libraries, museums, after-school programs, and by engaging with
digital media (Falk et al., 2007; Rennie, 2014; Reiss, 2020).
Recent curriculum reforms are encouraging the integration of
inquiry-based methods into classrooms, however from lack of
training and funding, to political and cultural barriers, there
are still many hurdles for teachers to successfully implement
them (Davis, 2003; Schwarz and Stolow, 2006; Stocklmayer
et al., 2010). The current model of formal science education
remains bound by curriculum constraints, transmission-based
teaching methods, a hierarchical nature, and a focus on imparting
specific knowledge that is assessed for sequence (Davis, 2003;
Corrigan et al., 2018). Informal science learning however, places
emphasis on learner interest, and is usually voluntary, inquiry-
based, and self-directed (Dierking et al., 2003; Rennie, 2007;
Fenichel and Schweingruber, 2010).

In order to fill gaps within traditional school-based science
learning, informal science learning experiences can be integrated
into formal learning environments (Malcolm et al., 2003;
Stocklmayer et al., 2010). In fact, many education researchers
are calling for more collaborations between schools and informal
science institutions (Bevan and Semper, 2006; Bell et al., 2009;
Bevan et al., 2010; Stocklmayer et al., 2010; Falk and Dierking,
2019). These collaborations could reduce barriers faced by
schools by creating more equity and access to informal science
programs and their benefits (Bell et al., 2009; Bevan et al., 2010).
Echoing this, Falk and Dierking (2018b) have recently suggested
an “ecosystem-based” approach to science education, which
would give learners access to a network of different intersecting
science learning opportunities that include formal schooling with
a variety of other free-choice learning opportunities.

Students typically access free choice or informal science
learning opportunities through supplementary class room
experiences (like field trips, activities, or events), collaborations
between formal and informal institutions to create changes
in curriculum, out-of-school programs, teacher professional
development, and updated and increased infrastructure (Bevan
et al., 2010). Field-trips are the most common form of free-
choice science experiences and these have been researched
extensively for student and teacher outcomes (Bell et al., 2009,
examples, Kisiel, 2005; DeWitt and Osborne, 2007; DeWitt and
Storksdieck, 2008). As mentioned by Stocklmayer et al. (2010),
schools face many barriers supporting class visits to out-of-
school sites such as time restraints, liability, and expenses. These
authors instead suggest a “third space” where students can engage
with informal science within their own schools. The potential
for a particularly unique type of science learning experience
that blurs the lines between schools and their community is

that of in-school science outreach programs. In-school science
outreach is an engagement opportunity that is offered by science
center or university outreach teams, private organizations, or
after-school clubs (Stocklmayer et al., 2010). These programs
are unique as they require a special connection to formal
science learning and usually adhere to curriculum guidelines
to some degree, to enrich classroom learning (Stocklmayer
et al., 2010). The goal of many science outreach initiatives
is to reach under-represented and under-served audiences in
various communities to increase science literacy and science
skills, and to enable these groups to potentially pursue a
career in science, technology, engineering, or math (STEM)
(Komoroske et al., 2015).

While in-school science outreach may fit within the
framework of a science learning ecosystem, there is still a
lack of evidence demonstrating the concrete outcomes of these
types of programs (Bevan et al., 2010). In order for these in-
school outreach programs to be fostered and seen as valuable,
student outcomes need to be measured in a way that aligns
with the goals of both school learning goals (i.e., knowledge
gain), and informal institutional goals (i.e., engagement and
positive affective outcomes) (Bevan et al., 2010). There are
some examples of research demonstrating students’ increased
knowledge in a particular subject following outreach programs
(Komoroske et al., 2015), while other studies focus specifically
on career and skill outcomes for students (Beck et al., 2006;
Laursen et al., 2007). Many of these studies focus on in-school
science outreach conducted by universities and their graduate
students or researchers, leaving a gap in our understanding of
the impacts of in-school science outreach delivered by informal
science institutions like science centers.

Considering the lack of research and evaluative studies
demonstrating the outcomes of in-school science outreach
offered by science centers, this study uses a systematic approach
to evaluate an in-school science program through a case study
of one of Science North’s outreach programs. Science North
is a science center in Sudbury, Ontario that delivers science
education experiences to schools across Northern Ontario that
are distant from the main science center. We, the authors, work
collaboratively with Science North as partners in Laurentian
University’s Science Communication graduate program.

In order to evaluate one of Science North’s in-school
outreach programs, we needed to determine intended outcomes
anticipated for participants in the program. This was done
using a logic model—a systematic approach that illustrates
the links between goals, activities, and principles of a project
or program and creates measurable outcomes for evaluation
(Bonney et al., 2011). To identify outcomes, we referred to the
National Science Foundation’s (NSF) Framework for Evaluating
Impacts of Informal Science Education and Outreach, which
we will refer to as the NSF Framework (Friedman, 2008). The
NSF Framework was created to assist practitioners and program
developers with the evaluation of informal programming, which
includes impact categories that are commonly found in logic
models for informal programs. The framework identifies six
impact categories: (1) knowledge, (2) engagement, (3) attitude,
(4) behavior, (5) skills, and (6) other (Friedman, 2008). These
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impact categories are common learning outcomes identified in
the development of informal science programs, and are used
by many researchers to evaluate program impacts (Beck et al.,
2006; Devictor et al., 2010; Komoroske et al., 2015; Jensen,
2014). For example, a summary of evaluation reports from
afterschool STEM programs by Afterschool Alliance (2011)
outlined three similar types of outcomes determined in STEM
afterschool programs: improved attitudes toward STEM fields
and careers, increased STEM knowledge and skills, and higher
likelihood of pursuing a STEM career. Several of the NSF
impact categories also align with Science North program goals
of increasing experimentation and critical thinking (NSF impact
category of skills), and igniting a sense of wonder (NSF
impact category of engagement). The NSF impact category
of knowledge mirrors a common outcome supported by
schools, which tend to focus on students gaining knowledge
guided by curriculums.

With this literature in mind, a logic model was developed to
define measurable goals mirroring NSF impact categories from
the NSF Framework (Friedman, 2008) to answer the following
research question:

What are the cognitive, skill-related, and affective outcomes
for students participating in a Science North in-school outreach
program?

To answer this, we conducted a summative evaluation of
Science North’s “Mission to Mars” in-school outreach program
to assess if, and to what extent, students in the program engage in
three specific outcomes laid out in the logic model:

(A) Experimentation
(B) Critical Thinking
(C) Sense of wonder

MATERIALS AND METHODS

Creating a Logic Model
Figure 1 outlines the logic model developed for Science North’s
in-school outreach programs delivered to provincially funded
schools, which was developed using the evaluation guide by
the Center for the Advancement of Informal Science Education
(Bonney et al., 2011).

The first column of the logic model describes all of the Inputs
required for in-school outreach programs. These Inputs include
yearly organizational funds and key financial stakeholders that
support the programs. Also included in the inputs are the school
boards, schools, school administration, and teachers directly
involved in scheduling in-school outreach program days and
supervising students that participate in programs. Within Science
North, Inputs include program staff that directly support in-
school outreach programs in all stages of program development
and implementation.

The second column describes the Outputs, which includes
the activities offered by Science North and the participants of
these programs. Science North offers 50-min curriculum linked
programs to provincially funded elementary schools (JK to Grade
8) across Northern Ontario.

The third column, Outcomes, describes the intended
measurable short-term impacts, and the potential long-
term impacts. Overall, Science North delivers in-school
outreach programs to engage typically under-served students
in Science, Technology, Engineering, and Math (STEM). These
programs are intended to make an impact on students in three
impact categories as guided by National Science Foundation’s
Framework (Friedman, 2008):

Knowledge:

- Increased knowledge of STEM related topics covered in
programs

- Increased knowledge of STEM related careers covered in
the programs

Skills:

- Increased experimentation skills
- Increased sense of inquiry
- Increased critical thinking ability

Engagement and Attitude:

- Ignite a sense of wonder (curiosity) in students toward
STEM

- Increase interest in STEM related careers
- Increase positive attitude toward STEM

Long-term, Science North aims to have an impact on students’
likelihood of pursuing STEM related careers in the future, and
to give students a life-long continued interest in STEM and
continued science literacy skills that will be used throughout a
student’s lifetime.

Evaluating Program Outcomes
Approach
Our summative evaluation investigated the changes in
student behavioral, cognitive, and/or affective outcomes after
participating in a Science North in-school outreach program. The
mixed-methods study took place over 2 weeks in three schools,
during which we collected both qualitative and quantitative
data. The study design is a quasi-experimental pre-post design,
comparing the data from the same group of students before
and after an initiative has been implemented, without a control
group (O’Leary, 2017). Quantitative data was used to capture
the change in students’ self-reported cognitive, behavioral, and
affective outcomes after the program. Open-ended questions
were used to collect qualitative data to explore the experience of
the participants.

Sampling and Recruitment
The population that participates in Science North in-school
outreach programs are school-aged students in grades JK—
Grade 8 (ages 3–14) who attend provincially funded schools
in Northern Ontario. Considering this large age range, this
study specifically evaluated the change in Grade 5 and 6
students (ages 10 and 11 years old), who engaged in the
Grade 5/6 “Mission to Mars” program offered by Science
North. The sample can be described as representative of
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FIGURE 1 | Science North provincially funded in-school outreach initiatives logic model. This logic model demonstrates the inputs and outputs of Science North
in-school outreach programs as well as the measurable outcomes that were evaluated throughout this study.

Grade 5 and 6 students, ages 10 and 11, who typically
participate in Science North’s in-school outreach programs in
Northwestern Ontario.

This study was carried out after full research ethics
board review and approval from the Laurentian University
Research Ethics Committee (refer to Supplementary
Material for research ethics certificate of approval). This
study followed all protocols required when researching
vulnerable human participants, including all necessary
approvals, consents, and assents. Several measures were put
in place to ensure confidentiality and anonymity of the subjects
throughout the study.

Following school board approval, three schools agreed to
participate in the study. From those schools, eight Grade 5 and
6 teachers were contacted and five agreed to participate. Of the
126 students within the five classes that agreed to participate,

45 students provided the required consent and assent forms and
therefore were the participants of this study.

Data Collection
Surveys and Distribution
Pre-post surveys were used in this study as they are commonly
used to evaluate the changes in cognitive, affective, and behavioral
outcomes resulting from instructional intervention (Dugard and
Todman, 1995). The surveys were modified from successful
survey instruments from previous studies for students in this age
range (refer to Supplementary Material for survey instrument),
and included anonymous identifier questions to ensure pre and
post surveys could be matched to the same participant, and
ensuring confidentiality.

Students were given the pre-survey 1 week prior to the delivery
of the “Mission to Mars” program. One week following program
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delivery, students completed the post-survey. Only the surveys
from students with parental consent and personal assent were
used in data analysis.

In-School Outreach Program
The “Mission to Mars” program was designed and delivered fully
by Science North Staff Scientists and is directly linked to the
provincial Science and Technology curriculum for the intended
age range. This program was offered to schools as a part of Science
North’s traveling outreach program that are delivered to classes
across Northern Ontario.

The “Mission to Mars” program aims to provide students
with basic knowledge of the planet Mars, and gives insight on
why humans take part in space exploration through the use of
technology, like rovers. Participants in the program are given
the opportunity to practice critical thinking and experimentation
skills through the planning, designing, testing, and rebuilding
their own Mars rover sensor protection device.

In hopes of promoting a sense of wonder within students
participating program, Science North program staff begin the
session by providing the class with a virtual reality tour of the
surface of Mars. Using the virtual reality headsets, students see
360◦ images of Mars and the Mars rover Curiosity. Students
are then given a challenge in which they are told that they are
working for a space agency that is sending a rover to Mars
to gather planetary information. The Science North program
instructor advises the students that the rover has a sensor that
relays important information about the Mars rover, including
the gravitational force upon landing. In groups, the students
are tasked to protect this sensor as the launching acceleration
and landing on Mars can damage the sensor and break it
before it sends any information to Earth. Critical thinking
skills are tested as each group is given a budget to purchase
materials (cotton balls, cups, elastics, etc.), and are asked
to create a design sheet for their unique sensor protection
device. Students are then challenged to build and launch their
sensor held within the constructed protection device with a
leaf blower through a launching tube. Each sensor is Bluetooth
connected to a cell phone that provides each group with the live
updates of the gravitational force that the sensor is experiencing.
Experimentation skills are tested as students are asked to reduce
the gravitational force that the sensor experiences each time it is
launched by changing their design and re-launching. Additional
challenges, such as parachute attachments, are added depending
on the progression of the class. The program concludes with
discussions summarizing the student findings while having them
discuss how the experiment would be different if it took place
in space, and not in a classroom (variables to consider like
gravity, weather, etc.).

Survey Instrument
The survey began with a concept map question with science as the
central concept. Students were asked to write and/or draw what
they think of when they hear the word science. Concept maps
were used because they can provide insight into students’ mental
models, which reflects experiences, beliefs, and understanding
students may have of a topic, how this information is represented,

and how these ideas are organized in students’ minds (Kinchin
et al., 2000; Halford, 2014).

To capture how they feel about science, students were asked
to choose one of seven emojis that had a corresponding affective
word describing the emojis. The emojis and connected affective
words used were chosen from a study by Gallo et al. (2017),
which demonstrated their effectiveness in representing emotional
response to stimuli in children ages 8–11 (refer Supplementary
Materials for the emoji scale within the student survey). Emoji
use for child research has been validated as a child-centered
visual research method that can assist with allowing children’s
opinions and experiences to be heard (Fane et al., 2018). Using
emoji scales in informal science program evaluation has not been
explored extensively, allowing us to give commentary on the
use of this method for this purpose. Emoji photos used were
designed by OpenMoji.

The remaining questions in the survey were adapted from the
formal evaluation of the 4-H Science Initiative by Mielke et al.
(2002). Questions one through five were Noyce enthusiasm scale
questions adapted from Mielke et al. (2002), used to determine
interest in science and assessing the change in sense of wonder.
Questions six and seven were taken from the Children’s Science
Curiosity scale (Harty and Beall, 1984), and focus on curiosity
and interest in relation to space science. Questions 8–11 assessed
critical thinking, and were adapted by Mielke et al. (2002) from
Perkins and Mincemoyer (2002). The final set of questions was
adapted from the Science Process Skills Inventory (Arnold and
Bourdeau, 2009), specifically for ages 9–12, and assessed the
outcome of experimentation.

Data Analysis
Concept Map
The data collected from the concept map with science as
the central concept was coded using thematic analysis. Using
the coding methods outlined in Braun and Clarke (2006),
we began by reading all concept map answers to familiarize
themselves with the data and to generate initial codes. Each
concept map was transcribed in a final list of all words,
phrases, and drawings—drawings were transcribed into a word
or phrase based on semiotic analysis using part of Charles
S. Peirce theory of icon, index, and symbol. In this theory,
an icon is interpreted as what it directly resembles, an index
is considered for its true connection to an object, and a
symbol is interpreted as representative of a symbolic meaning
(Burks, 1949). In one of the most recent studies investigating
the use of semiotics at the primary school level, the most
frequently used indicator by children was the icon (Türkcan,
2013). For this reason, and in alignment with scope of this
study, the drawings were only analyzed as icons; images
were interpreted at the physical level for the object they
appeared to represent.

The final themes were guided by the NSF Framework
(Friedman, 2008) for evaluating informal science programs
which includes the impact categories of knowledge, skills,
attitude, engagement, behaviors, and other. The theme of
knowledge was divided into sub-categories of six common
science subjects: biology, chemistry, earth science, physics,
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technology, and space. The theme of engagement was split
into two sections of positive and negative emotions. Each
word or drawing that was coded as affective was further
defined as either positive or negative using the open source
opinion lexicon by NRC Word-Emotion Association Lexicon
(Mohammad and Turney, 2013). For an example of knowledge
icon interpretation, if a student drew what appeared to
be a rocket, this was coded as the word “rocket,” which
was subsequently added to the space category within the
NSF knowledge theme. For an example of engagement icon
interpretation, if a student drew what appeared to be a
sad face (circle, two eyes, and mouth with sides declined),
this was coded as “sad,” and was added to the negative
emotion category.

Emoji Scale
Responses were analyzed quantitatively based on the frequency
at which each emoji was chosen in the pre and post surveys.
Frequencies were recorded as percentages and capture occasions
when students chose multiple emojis.

Science Engagement and Skills
Each group of science engagement questions were analyzed
based on the survey instrument they were adapted from,
and the intended outcome they assessed. If students chose
more than one answer, or if they did not give an answer

for any of the 11 Likert questions or the five Science
Process Skills Inventory questions, the answer was reported as
“undecided.”

Questions one through five from the Noyce Science
Enthusiasm survey instrument (Mielke et al., 2002) were
assessed as indicators of science enthusiasm, or sense of
wonder. Questions six and seven from Children’s Science
Curiosity Scale (Harty and Beall, 1984) were assessed for
the Science North outcome of sense of wonder. Questions
8–11, were used to assess critical thinking. The final five
questions were used to assess the Science North outcome of
experimentation. Table 1 summarizes the survey instrument’s
sources, the NSF Framework impact category (Friedman,
2008), and Science North outcomes these instruments assessed.
Cronbach alpha was calculated for each survey section with
3 or more statements to determine internal consistency. Pre
and post evaluation data was converted to numerical data, and
means were calculated for each set of questions by variable,
found in Table 2. Note: Lower numerical mean indicates
that students were more likely to agree with the statements,
i.e., "strongly agree” = 1, “agree” = 2, “disagree” = 3, and
“strongly disagree” = 4.

Table 3 summarizes the mean findings pre and post
survey. Paired t-tests were run for each variable to conduct
statistical significance.

TABLE 1 | Survey instruments used to evaluate Science North In-school outreach program outcomes.

Survey instrument Question (s) NSF outcome
assessed (Friedman,
2008)

Science North
outcome assessed

Sources

Concept map Write and/or draw what you think of when you
hear the word science.

Knowledge, Skills,
Engagement, Other

Knowledge, Skills,
Engagement, Other

Researcher developed

Emoji scale
7 emoji options

How does science make you FEEL? Circle one
(1) emoji.

Engagement Sense of wonder Researcher developed,
Emoji choice by Gallo
et al. (2017)

Noyce enthusiasm for science scale
Agree, strongly agree, disagree,
and strongly disagree options

- Science is something I get excited about
- I like to work on science activities
- I am curious to learn more about science
- I like to see how things are made (for example,

ice-cream, TV, iphone)
- I get excited to find out that I will be doing a

science activity

Engagement Sense of wonder Mielke et al., 2002

Children’s science curiosity scale
Agree, strongly agree, disagree,
and strongly disagree options

- I like to talk about planets and stars
- I would like to experiment with the gadgets inside

the space station

Engagement
(specifically toward
space topics)

Sense of wonder
(toward program topic)

Harty and Beall, 1984

Critical thinking scale
Agree, strongly agree, disagree,
and strongly disagree options

- I find it easy to say what I think about a challenge
- I think of possible results or what might happen

before I make a decision
- I can figure out the best way to deal with

something that needs to be solved
- I keep my mind open to different ideas when

planning to make a decision

Skills Critical thinking Adapted from Perkins
and Mincemoyer (2002)

Science process skills inventory
Yes or no options - I can make a chart or picture to show information

- I can do an experiment to answer a question
- I can write down information correctly
- I can tell others how to do an experiment
- I can explain why things happen in an experiment

Skills Experimen-tation Modified from Arnold
and Bourdeau (2009)
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TABLE 2 | Mean survey instrument responses for participants pre and post survey.

Survey instrument Mean PRE Mean POST

Noyce enthusiasm for science 1.84 1.71

Science curiosity 1.92 1.74

Critical thinking 2.11 2.06

Science process skills Inventory 1.3 1.23

Lower numerical mean indicates that students were more likely to agree with the
statements, i.e., "strongly agree” = 1, “agree” = 2, “disagree” = 3, and “strongly
disagree” = 4.

RESULTS

Concept Map
Of the 45 surveys, eight students did not complete the concept
map pre-program, and seven students did not post-program
delivery. Using thematic coding, the text and drawings from the
concept maps were coded into four of the NSF impact categories
from the NSF Framework (Friedman, 2008): (1) knowledge, (2)
engagement, (3) skills, and (4) other. The knowledge category had
the highest frequency of responses out of all of the categories,
and also had the largest change in frequency from pre to post
survey with an increase of 34 occurrences. Within the skills
category, there was an increase of 11 occurrences from pre to
post survey. The largest change that occurred within skills was in
the sub-category of “experimentation,” which increased by seven
occurrences from pre to post survey. Table 4 displays the concept
map codes and frequencies of occurrence pre and post survey.

The outcome of knowledge was split into six sub-categories:
chemistry, technology, physics, earth science, biology, and
space. The frequency of occurrences for each of these can
be found in Figure 2. Chemistry had the highest frequency
with 33 occurrences pre and post. Space showed the largest
change in frequency with an increase of 19 occurrences from
pre to post survey.

The NSF Framework (Friedman, 2008) impact category of
engagement saw the second largest increase in occurrences from
18 in the pre-survey to 43 in the post-survey. The Engagement
sub-categories of positive and negative emotions included an
increase for positive emotions by 29 from pre survey to post
survey. The frequency of a negative emotion decreased by four.
These changes can be found in Figure 3.

Emoji Scale
All respondents on both the pre and post survey answered the
emoji scale question, and several students chose multiple emojis.
There were 51 emojis selected in the pre survey and 49 selected in
the post survey. Prior to the program, the majority of students
reported feeling excited (43% of responses) and happy (24%
of responses) toward science. After the program, there was an
increase of 16.1% of students who reported feeling excited toward
science, which was the largest change across all the emoji choices
from pre to post survey. In addition, there was a decrease of
5.1% in students who reported being happy, a decrease of 7.6%
of students who reported being confused, a decrease of 1.6%
in students who reported being bored, and a decrease of 5.7%

in students who reported being shocked. No students chose the
emoji representing sadness in either the pre or post survey.

No students reported feeling angry in the pre survey, however
two students did post-program—an increase of 4.1%. The
changes in percentage of emoji selection from pre to post survey
can be found in Figure 4.

Science Engagement and Skills
Questions one through five, taken from the Noyce Enthusiasm
Scale (Mielke et al., 2002), were statements assessed alongside
each other as seen in Figure 5. In these questions, frequencies
“strongly agree” and “agree” represent students who reported a
high or moderate enthusiasm toward science, while “disagree”
and “strongly disagree” represent students who reported little
or no enthusiasm toward science. Cronbach alpha for these
statements were calculated to be 0.83 and 0.83 for pre and post
survey, respectively.

Following the “Mission to Mars” program, there was an overall
increase in students who reported a high level of enthusiasm
toward science, and a decrease in students who reported a
moderate level of enthusiasm. The largest change occurred for
the statement “I like to see how things are made,” which had a
decrease of seven occurrences of “disagree,” and the frequency
of “strongly agree” increased by eight. Generally, all statements
showed a decrease in students who reported having little to no
enthusiasm for science post-program.

Statements six and seven were adapted from the Children’s
Science Curiosity Scale (Harty and Beall, 1984) and were assessed
alongside each other in Figure 6. In these questions, frequencies
of “strongly agree” and “agree” represent students who reported
a high or moderate curiosity toward science, while “disagree”
and “strongly disagree” represent students who reported little
or no curiosity toward science. Cronbach alpha for these
statements were calculated to be 0.83 and 0.83 for pre and post
survey, respectively.

Responses for both statements showed that students had
curiosity for science prior to the program, which increased
post-program. Prior to the program, students agreed with the
statement “I like to talk about planets and stars,” the most, with
29 out of 45 students choosing “agree” or “strongly agree.” When
comparing both statements, “I would like to experiment with
gadgets in the space station” had a greater number of students
who agreed or strongly agreed in comparison to “I like to talk
about planets and stars” in both the pre and post survey. There
were more students however who strongly agreed or agreed that
they like to talk about planets and stars from pre to post survey, as
the frequency increased by nine. Both statements saw an increase
in the number of students who agreed and strongly agreed, and a
decrease in students who disagreed, strongly disagreed, and who
were undecided from pre to post survey.

The four statements found in Figure 7 were used to assess
students’ critical thinking, adapted from Mielke et al. (2002).
In these questions, frequencies of “strongly agree” and “agree”
represent students who reported high or moderate scientific
critical thinking skills, while “disagree” and “strongly disagree”
represent students who reported little or no scientific critical
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TABLE 3 | Numerical participant survey responses with mean values pre and post survey.

Noyce enthusiasm for
science

Science curiosity Critical thinking Science process skills inventory

Student code Survey Q1 Q2 Q3 Q4 Q5 Mean Q6 Q7 Mean Q8 Q9 Q10 Q11 Mean Q12 Q13 Q14 Q15 Q16 Mean

109AR 1 2 2 3 3 2 2.4 2 2 2 3 3 2 2 2.5 1 1 1 1 1 1

021 × 0 1 4 2 4 2 3 3 3 2 2.5 4 5 3 5 4.3 1 1 1 1 2 1.2

116JP 1 3 2 3 2 2 2.4 3 2 2.5 3 2 2 2 2.3 1 1 3 1 1 1.4

3131LI 1 3 2 3 2 3 2.6 2 5 3.5 2 2 2 2 2 2 1 1 1 2 1.4

3013SA 1 2 2 2 1 2 1.8 3 1 2 2 3 1 1 1.8 1 1 1 1 2 1.2

104AA 1 1 1 1 2 1 1.2 1 2 1.5 2 2 2 1 1.8 1 1 1 1 1 1

214MA 1 2 2 2 3 2 2.2 1 1 1 2 3 1 3 2.3 1 1 1 1 1 1

5323OT 1 2 2 2 2 2 2 2 2 2 3 3 3 3 3 2 2 2 2 1 1.8

1127EP 1 2 2 2 2 2 2 2 2 2 3 5 5 2 3.8 1 1 1 3 1 1.4

0227AA 1 2 1 2 2 1 1.6 1 2 1.5 3 2 1 2 2 1 1 1 1 1 1

2027LP 1 1 2 2 2 1 1.6 2 2 2 2 2 2 1 1.8 1 1 1 1 1 1

1023JE 1 2 2 1 1 2 1.6 4 3 3.5 2 2 1 2 1.8 1 1 1 1 1 1

1110GE 1 1 1 1 2 1 1.2 2 1 1.5 2 1 2 1 1.5 1 1 3 1 1 1.4

0220XA 1 2 5 2 2 2 2.6 2 2 2 3 5 2 2 3 1 1 1 3 3 1.8

109SH 1 2 1 2 1 2 1.6 1 1 1 3 3 2 2 2.5 1 1 1 1 1 1

2127AN 1 1 1 1 1 1 1 2 1 1.5 2 1 1 1 1.3 1 1 1 1 1 1

107KI 1 4 3 3 2 3 3 3 2 2.5 4 4 3 4 3.8 2 2 2 2 2 2

017XA 1 1 2 2 3 1 1.8 2 1 1.5 2 2 1 1 1.5 2 1 1 1 1 1.2

1022AA 1 2 2 1 1 2 1.6 1 1 1 2 2 2 2 2 1 1 1 1 1 1

121GA 1 2 2 2 2 1 1.8 3 1 2 2 1 2 1 1.5 1 1 1 1 3 1.4

1214SO 1 2 1 1 1 2 1.4 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1225DA 1 2 2 1 1 2 1.6 2 5 3.5 2 1 2 1 1.5 2 1 2 1 1 1.4

1113OR 1 2 2 2 1 1 1.6 1 1 1 3 2 2 2 2.3 1 3 3 2 2 2.2

1029AA 1 2 1 1 1 1 1.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0125MU 1 1 1 1 1 1 1 2 1 1.5 3 1 3 3 2.5 1 1 1 2 1 1.2

3127RA 1 2 2 2 3 2 2.2 3 1 2 3 2 2 3 2.5 1 1 1 1 1 1

11PCM 1 2 2 2 1 2 1.8 2 1 1.5 2 2 3 2 2.3 1 1 1 1 1 1

529AP 1 1 2 2 1 2 1.6 1 2 1.5 2 1 2 1 1.5 1 1 2 1 1 1.2

5212LE 1 1 1 1 1 1 1 1 2 1.5 1 2 1 1 1.3 1 1 1 2 1 1.2

1218WO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 3 3 3 2.6

129GN 1 2 2 2 1 2 1.8 3 2 2.5 2 2 2 2 2 3 3 1 1 3 2.2

026AB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 2 1.6

0226NA 1 2 1 2 2 1 1.6 3 1 2 2 2 3 2 2.3 2 1 1 1 2 1.4

1026S1 1 1 2 1 2 1 1.4 1 1 1 1 2 2 1 1.5 1 1 1 1 1 1

2225EA 1 2 1 2 2 2 1.8 3 2 2.5 3 3 2 1 2.3 2 1 1 1 2 1.4

025MU 1 4 2 2 3 3 2.8 2 3 2.5 2 2 3 1 2 1 1 1 1 1 1

116XO 1 2 1 2 2 2 1.8 3 2 2.5 2 3 2 2 2.3 1 2 1 1 2 1.4

01712KL 1 1 1 2 2 2 1.6 3 1 2 2 2 2 1 1.8 1 1 1 1 1 1

0123MA 1 2 2 3 2 2 2.2 3 2 2.5 3 3 3 2 2.8 1 1 2 2 2 1.6

1028PU 1 2 2 2 2 2 2 3 2 2.5 2 2 3 2 2.3 1 1 1 2 1 1.2

206EO 1 1 1 1 2 1 1.2 2 1 1.5 1 2 2 2 1.8 1 1 1 1 1 1

0121KO 1 3 3 3 2 3 2.8 2 3 2.5 2 2 2 2 2 1 1 1 1 1 1

0116XI 1 4 4 4 2 4 3.6 4 1 2.5 5 1 2 2 2.5 1 1 1 1 1 1

0125CD 1 2 2 2 1 2 1.8 2 1 1.5 2 2 2 1 1.8 1 1 1 1 1 1

211JE 1 1 2 3 1 3 2 4 2 3 4 4 4 4 4 2 1 2 1 2 1.6

Means 2 2 2 2 2 1.8 2 2 1.9 2 2 2 2 2.1 1 1 1 1.3 1 1.30

109AR 2 2 2 2 1 1 1.6 2 1 1.5 2 2 1 2 1.8 1 1 3 1 1 1.4

021X0 2 3 2 3 2 3 2.6 3 3 3 3 5 3 2 3.3 1 1 1 1 2 1.2

116JP 2 3 2 2 2 2 2.2 2 2 2 3 2 3 2 2.5 1 1 1 1 1 1

(Continued)
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TABLE 3 | (Continued)

Noyce enthusiasm for
science

Science curiosity Critical thinking Science process skills inventory

Student code Survey Q1 Q2 Q3 Q4 Q5 Mean Q6 Q7 Mean Q8 Q9 Q10 Q11 Mean Q12 Q13 Q14 Q15 Q16 Mean

3131LI 2 2 2 2 2 3 2.2 2 2 2 3 3 2 2 2.5 1 1 1 1 2 1.2

3013SA 2 2 2 2 1 2 1.8 2 1 1.5 3 2 2 2 2.3 1 1 2 1 1 1.2

104AA 2 1 1 1 1 1 1 1 1 1 1 2 2 1 1.5 1 1 1 1 1 1

214MA 2 1 1 1 2 1 1.2 1 1 1 2 1 2 1 1.5 1 1 1 1 1 1

5323OT 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 2 1 2 2 1 1.6

1127EP 2 2 2 2 2 2 2 2 2 2 3 3 2 2 2.5 1 1 1 2 2 1.4

0227AA 2 1 1 2 1 1 1.2 1 2 1.5 2 2 1 1 1.5 1 1 1 1 1 1

2027LP 2 2 2 2 1 2 1.8 2 1 1.5 2 2 2 2 2 1 1 1 1 1 1

1023JE 2 1 1 1 1 1 1 2 1 1.5 2 2 2 1 1.8 1 1 1 1 1 1

1110GE 2 1 1 1 1 1 1 2 1 1.5 2 2 2 1 1.8 1 1 3 1 3 1.8

0220XA 2 5 5 2 2 5 3.8 2 2 2 5 5 5 5 5 1 1 1 3 3 1.8

109SH 2 2 2 3 1 2 2 1 1 1 3 3 2 2 2.5 1 2 1 1 2 1.4

2127AN 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

107KI 2 2 1 2 1 2 1.6 2 1 1.5 2 2 1 1 1.5 1 1 1 1 2 1.2

017XA 2 1 1 1 1 1 1 2 1 1.5 2 2 1 1 1.5 1 1 1 1 1 1

1022AA 2 1 1 1 1 1 1 1 1 1 2 2 2 1 1.8 1 1 1 1 1 1

121GA 2 2 1 2 2 2 1.8 3 1 2 2 2 2 2 2 1 1 1 1 3 1.4

1214SO 2 2 1 1 1 1 1.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1225DA 2 1 2 1 1 2 1.4 2 1 1.5 2 3 2 1 2 2 1 1 1 1 1.2

1113OR 2 4 2 2 2 1 2.2 1 1 1 2 3 2 2 2.3 2 1 2 2 3 2

1029AA 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0125MU 2 1 1 1 1 1 1 2 1 1.5 1 2 4 2 2.3 1 1 1 2 1 1.2

3127RA 2 2 1 2 3 2 2 2 2 2 2 3 3 2 2.5 1 1 1 2 1 1.2

11PCM 2 3 2 1 1 2 1.8 2 1 1.5 3 2 3 2 2.5 2 1 1 1 1 1.2

529AP 2 2 1 2 1 2 1.6 3 1 2 2 2 2 1 1.8 1 2 1 1 1 1.2

5212LE 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1218WO 2 1 1 1 3 5 2.2 2 5 3.5 2 5 1 1 2.3 1 3 1 3 1 1.8

129GN 2 2 2 2 1 2 1.8 3 2 2.5 2 2 3 2 2.3 1 1 2 1 1 1.2

026AB 2 1 1 1 1 1 1 2 1 1.5 2 1 2 2 1.8 1 1 1 2 2 1.4

0226NA 2 2 1 3 1 2 1.8 3 1 2 2 2 3 2 2.3 2 1 2 1 1 1.4

1026S1 2 1 2 1 1 2 1.4 1 1 1 2 2 2 1 1.8 1 1 1 1 1 1

2225EA 2 2 1 1 4 2 2 2 2 2 4 4 2 2 3 1 1 1 1 1 1

025MU 2 3 2 3 3 2 2.6 2 2 2 3 2 1 3 2.3 1 1 1 1 1 1

116XO 2 1 1 1 1 1 1 2 2 2 2 1 1 2 1.5 1 1 1 1 1 1

01712KL 2 1 1 2 2 1 1.4 2 1 1.5 2 1 2 1 1.5 1 1 1 1 1 1

0123MA 2 2 2 2 2 2 2 3 2 2.5 3 3 3 2 2.8 1 1 2 2 2 1.6

1028PU 2 2 2 2 2 2 2 3 2 2.5 3 3 3 3 3 2 1 1 2 1 1.4

206EO 2 1 1 1 1 1 1 2 1 1.5 1 2 2 2 1.8 1 1 1 1 1 1

0121KO 2 3 2 3 2 3 2.6 2 2 2 2 2 2 2 2 1 1 1 1 1 1

0116XI 2 4 2 3 2 3 2.8 4 1 2.5 1 1 1 2 1.3 1 1 1 1 1 1

0125CD 2 2 1 1 1 2 1.4 2 2 2 1 2 2 1 1.5 1 1 1 1 2 1.2

211JE 2 3 3 3 2 3 2.8 3 3 3 3 2 3 3 2.8 1 2 1 2 2 1.6

Means 2 2 2 2 2 1.7 2 2 1.7 2 2 2 2 2.1 1 1 1 1 1 1.2

thinking skills. Cronbach alpha for these statements were
calculated to be 0.66 and 0.4 for pre and post survey, respectively.

Overall, the majority of students reported that they had critical
thinking skills before and after the program. The statement
which students agreed or strongly agreed with the most was
that they can keep their minds open to different ideas when
planning to make a decision, and this statement saw the largest

increase from pre to post survey. The number of students
who strongly agreed or agreed that they find it easy to say
what they think about a challenge increased, while students
who think of possible results or what might happen before
they make a decision remained the same from pre to post.
This statement saw the highest number of undecided remaining
at three students from pre to post. There was a decrease in
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TABLE 4 | Concept Map NSF impact categories and frequency of codes pre
and post survey.

NSF impact
category
(Friedman, 2008)

Science categories
and example answers

Frequency
of codes

Pre-survey

Frequency
codes

post-survey

Knowledge:
Awareness,
knowledge,
understanding of
STEM concepts
and careers

Biology
- Brain, animals, plant, worm,

life, dinosaur

4 11

Chemistry
- Potions, chemicals, beaker,

explosion, periodic table,
matter, molecules, safety
goggles

33 33

Earth Science
- Gold, earth, rocks, volcano

4 6

Physics
- Magnet, math

4 3

Space
- Rocket, universe, mars,

rover, planets, astronaut

6 25

Technology
- Coding, computers, robot,

VR

4 11

TOTAL 55 89

Engagement:
Engagement of
interest in STEM
concepts, processes,
or careers

Positive emotions
- Fun, happy, excited,

enjoyable, awesome

8 37

Negative emotions
- Sad, bored, confused

10 6

TOTAL 18 43

Skills:
Procedural aspects
of knowing

Experimentation 3 10

Inquiry 7 11

TOTAL 10 21

Other Bill Nye, information,
scientist,

12 9

the number of students who agreed or strongly agreed that
they can figure out the best way to deal with something that
needs to be solved.

The final five survey questions asked students to agree or
disagree with statements that assessed experimentation skills,
the results of which can be found in Figure 8. Overall, the
majority of students (ranging from 30 to 41 responses out
of 45) reported that they could do all five experimentation
actions. The action that most students reported being able
to accomplish is doing an experiment to answer a question.
The action that students reported being able to do the
least was explaining why things happen in an experiment.
From pre to post survey, there was an increase in students
reporting that they could complete four of the five experimental
actions. The only experimental action with a decrease was
being able to tell others how to do an experiment. Of all

FIGURE 2 | Frequency of knowledge sub-categories. Results depicting the
frequency of science subjects mentioned in the concept map question both
pre and post survey. These subjects were coded through thematic analysis of
question 1, which asked students to “write and/or draw what you think of
when you hear the word science.”

FIGURE 3 | Frequency of engagement sub-categories, positive and negative
emotion. Results depicting the frequency of positive and negative emotions
found in question 1 of the pre and post survey. These emotions were coded
through thematic analysis of question 1, which asked students to “write
and/or draw what you think of when you hear the word science.”

FIGURE 4 | Emoji selection pre to post survey. Results depict the percentage
of frequency that each emoji was selected during pre and post surveys.
Students were asked to select an emoji describing how science made them
feel. Total number of occurrences of each emoji was divided by the total
amount of emoji selections to determine percentage out of 100%. Pre survey
had a total of 51 emojis selected, and post survey had 49. All emojis designed
by OpenMoji.

of the survey questions, these experimentation statements had
the highest frequency of students selecting “undecided” as
their responses.
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FIGURE 5 | Noyce enthusiasm for science statements. Results from the questions that evaluate enthusiasm toward science learning. Demonstrates the number of
students that selected each answer. Pre and post survey answers are stacked directly, respectively, on top of each other for each question. Cronbach alpha 0.831
and 0.827 for pre and post survey, respectively.

FIGURE 6 | Children’s science curiosity scale statements. Results from the questions that assess student curiosity toward science learning from Harty and Beall
(1984). Demonstrates number of students that selected each answer. Pre and post survey answers are stacked directly, respectively, on top of each other for each
question.

The overall numerical mean scores for each set of questions
representing different engagement and skills, decreased
from pre to post survey. This indicates that participants
chose answers more toward “strongly agree” and “agree”
post survey as these were given lower numerical values
of 1 and 2 for data analysis in comparison to “disagree”
and “strongly disagree” (numerical values of 3 and 4,
respectively). Paired t-tests were run for each variable, as
found in Table 5, and demonstrated no significant differences
between students’ ratings from pre to post evaluation with a
p-value at 0.05.

DISCUSSION

This study evaluated an in-school informal science outreach
program in order to assess the impacts of such programming
on student interest and engagement in science, and to explore
the potential benefits of collaborations between formal and
informal science institutions, specifically between schools and
science centers.

In our evaluation, we found the logic model process valuable
in clearly articulating the measurable student outcomes intended
for the program. This step is a helpful starting point for
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FIGURE 7 | Critical thinking statements. Results from the questions that evaluate critical thinking in science learning adapted from Perkins and Mincemoyer (2002).
Demonstrates number of students that selected each answer. Pre and post survey answers are stacked directly, respectively, on top of each other for each question.
Cronbach alpha 0.826 and 0.831 for pre and post survey, respectively.

FIGURE 8 | Science process skills inventory statements. Results from the questions that assess experimentation adapted from Arnold and Bourdeau (2009).
Demonstrates number of students that selected each answer. Pre and post survey answers are stacked directly, respectively, on top of each other for each question.
Cronbach alpha 0.659 and 0.4 for pre and post survey, respectively.

program evaluation, assisting researchers in visualizing the
resources being used on projects, the activities and participants
in the programs, the intended outcomes, and how these aspects
are inter-related. It is recommended that these logic models
be created in partnership with schools to ensure the goals
of both parties are being evaluated, thus supporting more
valuable partnerships.

The logic model outlined the NSF Framework’s (Friedman,
2008) impact of knowledge, engagement, and skills. These
program outcomes were evaluated using pre and post
surveys. Overall, our study found the following impacts
subsequent to student participation in the “Mission to Mars”
program:

• an increase in student knowledge on the program topic
(space), aligning with school-related curriculum goals,

• an increase in student engagement, as more students
reported more positive emotions, feelings of excitement,
and sense of wonder toward science, and

• a small increase in the number of students reporting they
have skills in experimentation and critical thinking skills
following the program.

The findings of the program’s impact on the NSF impact
categories are described in more detail below.

Knowledge
Students mentioned the knowledge NSF impact category
(Friedman, 2008) most frequently in the concept map question.
The subject of “space” saw the greatest increase of occurrences
after the “Mission to Mars” program. This program is based
on space science and Mars exploration, which likely caused an
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TABLE 5 | Paired t-tests for survey instrument results.

Survey intrument Noyce
enthusiasm
for science

Science
curiosity

Critical
thinking

Science
process skills

inventory

T-test value 0.077 0.084 0.674 0.096

p-value at 0.05.

increase in student knowledge of space-related themes. This
increase can be considered a successful benchmark in the
program as increased knowledge of STEM related topics is
a goal outlined in the logic model. This result also supports
school curriculum goals on increasing student knowledge
about space concepts.

Chemistry had the highest frequency of occurrences in both
pre and post surveys which mirrors findings by studies that
use the “Draw a Scientist Test” developed by Chambers (1983);
children most commonly associate scientists as working in a lab,
with chemicals, and other chemistry related equipment (Barman,
1999; Steinke et al., 2007). Diverse influencers, like television,
books, or the internet, shape learners’ views of science, or what
a scientist is (Moje et al., 2004; Steinke et al., 2007), and students
in the present study seemed to have similar preconceived notions
of science, heavily focused on chemistry related themes as in
these other studies. The frequency of the code “Bill Nye” supports
this notion, as he is a well-known scientist figure that fits many
stereotypes of a typical scientist found in the “Draw a Scientist
Test.” The increase in biology related codes could be attributed
to external factors like learning biology related topics in class
between pre and post surveys.

Students completed our surveys in a formal learning
environment, and the physical environment where learning takes
places can impact what a leaner expects to happen (Falk and
Dierking, 2018a). It could be speculated that they referred to
prior experiences of knowledge reporting in a classroom setting,
like doing a test for example, when completing these surveys.
This may have led to more knowledge-based answers vs. other
outcomes, like skills or engagement, within the open-ended
concept map question.

Engagement
Engagement was the second most frequently coded NSF
Framework impact category (Friedman, 2008) and was separated
into two sub-categories: positive and negative emotion. There was
an increase of 29 occurrences (from 8 to 37) of positive emotions
following exposure to the “Mission to Mars” program, which
could be an indication that the program had a positive impact
on how students feel about science. From pre to post survey, the
overall number of emotional words increased from 18 to 43. This
increase could indicate that students were emotionally impacted
by the program as they were not prompted to report emotions or
feelings in this question.

The results of the emoji scale showed that feelings of
excitement toward science increased following the program, and
was the greatest increase across the emoji scale. Excitement affects
motivation, which is a key characteristic of informal learning,

and in creating long-term intrinsic interests in science long after
programs are complete (Bell et al., 2009). Positive emotions are
a beneficial outcome as student engagement in school science
continues to suffer, especially near adolescence (Corrigan et al.,
2018). In-school outreach programs can bridge this gap by
sparking excitement and motivation for STEM learning. The
Science North Program “Mission to Mars” incorporates many
hands-on learning opportunities with specialized tools, such as
virtual reality and sensor building experiment. These interactive
experiences are added to the program with the intent to increase
a sense of wonder and engagement from students, which may
have been a factor in the change in student engagement. Many
studies have demonstrated that interactive science experiences
support learning across the six strands from NSF and “seem
to spark interest and maintain learners’ engagement while also
increasing knowledge and providing opportunities for reasoning”
(Fenichel and Schweingruber, 2010). Recent studies investigating
the use of virtual reality in science education suggest that its
immersive aspect can increase motivation and engagement for
learning science (Yamada-Rice et al., 2017; Fauville et al., 2020;
Zhao, 2020).

Using the Noyce Enthusiasm Scale for Science statements
(Mielke et al., 2002), the majority of students reported having
a sense of wonder or enthusiasm toward science even before
participating in the “Mission to Mars” program. This is likely
from previous science learning, personal interest, or everyday
experiences (Hein, 2009). Our results also suggest that students
who initially reported a moderate sense of wonder toward
science reported a higher sense of wonder as a result of their
experience with the program. From pre to post program, nine
students went from reporting feeling little to no enthusiasm
toward the statement “I like to talk about planets and stars,”
to feeling enthusiasm post-program. These emotional changes
are important for brain functions like attention, reasoning,
memory, and learning (Tyng et al., 2017), and positive emotions,
like excitement and sense of wonder, can lead to further
curiosity and long-term interest in science (Hein, 2009). The
increase in positive emotions toward science may play a part
in the cognitive abilities of students learning science concepts,
and may spark long-term interest—a common goal across
informal science programs. The Cronbach alpha results for
the Noyce Enthusiasm for Science statements demonstrate a
good internal consistency (0.83 and 0.83 for pre and post
survey, respectively).

It is important to consider that reported emotions and
affective outcomes may be influenced by a variety of factors, such
as socioeconomic aspects, family life, or physiological needs like
hunger (Tyng et al., 2017), and students may have had difficulties
recognizing specific emotions they were feeling. For example, if
a student was frustrated during the program due to teamwork
issues or program difficulties, “angry” may have been selected
in the post survey as “frustrated” was not an option. This could
explain the two students who chose “angry” in the post survey.
Similarly, the word “shocked” can be associated with surprise,
and it is found in the negative opinion lexicon in the NRC Word-
Emotion Association Lexicon (Mohammad and Turney, 2013),
suggesting that shock or surprise might be a negative emotion
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to some students, possibly explaining why this emotion appeared
less frequently in the post survey.

Skills
Skills had the second lower number of occurrences (“other” being
the most frequent) of the NSF Framework (Friedman, 2008)
impact categories we assessed with our survey. Friedman (2008)
argues that although there is a difference between doing and
knowing, learners may not be able to acknowledge or describe the
skill they possess, and this may explain the few responses received
for this outcome.

Experimentation
The number of students associating the skill of experimentation
with science increased post-program, and experimentation was
coded most frequently in the qualitative data because students
wrote the word “experiment” on their concept maps. This
increase post-program may not mean students felt their ability
to conduct an experiment increased, but could suggest greater
awareness that experimentation is part of the scientific process.

The ability to explain why things happen in an experiment was
the skill least reported from the Science Process Skills Inventory
(Arnold and Bourdeau, 2009) both pre and post. While more
students were able to report being able to do an experiment to
answer a question, fewer students reported being able to explain
the “why” of an experiment. Similarly, Knaggs and Schneider
(2012) determined that process understanding proceeds concept
understanding, and in their study, students reported they had the
skills required to complete experiments, but lacked the scientific
reasoning skills to explain the phenomena that were occurring.
They inferred that this higher-level thinking in science is a skill
that takes time to develop, and so the single, short-term program
evaluated in the present study may not have given the students
enough exposure to these skills for there to be a noticeable
change. A long-term study with frequent programs offered by in-
school science outreach organizations would be needed to assess
potential change in students’ reported science-based skills.

Within the “Mission to Mars” program, student
experimentation skills were tested through building and
launching sensor protection devices, which could have caused
the increase in experimentation codes within the concept
map. While students may have understood that they needed
to construct a device that protects their sensor during launch,
perhaps there was a lack of information within the program
regarding why this process was being done, and the larger
implications (i.e., a more protected sensor means the rover can
successfully land on Mars and deliver). This could explain for the
lower number of students self-reporting that they could explain
why things happen in an experiment.

Critical Thinking
The majority of students self-reported that they were able to do
several critical thinking actions pre-program, and the frequency
of students reporting that they could do these actions post-
program showed little change. Within the program, students
critical thinking skills were challenged through spending a
budget on materials for their sensory protection device, and

through planning, designing, and testing their device. Students
were challenged to alter the device so that it would cause
the lowest impact (gravitational force), thus protecting the
sensor inside. While the program intended to see a change in
student critical thinking skills, according to Piaget’s theory of
cognitive development, children develop abstract reasoning skills
between the ages of 11 and 16, including the development of
critical thinking skills (Piaget and Inhelder, 1972). Our student
participants were in Grade 5 and 6 (10 and 11 years of age),
suggesting that they may have just started developing these
critical thinking abilities. While these survey instruments were
intended for the age range of this study, further research could
utilize a similar method with older students to determine if
there is a greater change in critical thinking and experimentation
understanding. The Cronbach alpha results for the Science
Process Skills Inventory statements demonstrate poor internal
consistency (0.66 and 0.40 for pre and post survey, respectively).
This result demonstrates that these statements may not be
consistent with one another in measuring critical thinking
and thus these statements may not effectively evaluate critical
thinking.

Paired t-tests were run for each survey instrument variable
and demonstrated no significant differences between students’
ratings from pre to post evaluation with a p-value at 0.05. We can
speculate that the lack of significant difference has been impacted
by a small n as this can diminish power when comparing these
types of data sets. This, however, does not mean the program
did not have impact on the students, and when we consider the
goals of informal science programs like this, each piece of science
communication is meant to add impact over exposure, over
time. The results show an upward trend of students self-reported
science awareness, positive emotional response, and enthusiasm
and curiosity toward science. From this, we can conclude that
more research needs to be done in depth to strengthen the
reliability and validity of these findings.

FIGURE 9 | Sample attrition model. Model demonstrating the loss of potential
participants at each step of the recruitment process. The top diagram models
the optimum flow of recruitment, ending with 240 student participants, while
the bottom demonstrates the actual flow of recruitment along with reasons for
potential participant attrition below each step.
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Implications
Teachers face barriers in implementing inquiry-based science
into classrooms, however, incorporating informal science
learning through in-school outreach may address time-restraints,
funding, and lack of technical skill (Davis, 2003; Schwarz and
Stolow, 2006; Stocklmayer et al., 2010). These partnerships echo
the recent push for an “ecosystem-based” approach to science
education, allowing learners access to a network of intersecting
science learning opportunities, creating a rich science learning
experience (Falk and Dierking, 2018b). Informal science
organizations’ partnerships with formal education institutions
could especially benefit under-served and rural schools as they
may encounter more barriers and have even less resources to
incorporate inquiry-based learning into classrooms (Bell et al.,
2009; Bevan et al., 2010).

Evaluating the impacts of in-school science outreach
demonstrates the potential benefits and outcomes of this type
of programming on students’ knowledge, engagement, and
skills in science, further solidifying the role that these science
center-based in-school learning opportunities can have.

Limitations
Sample Size
By evaluating a single program within a single school board, we
recognize that the results cannot be used to make inferences
about entire populations of students participating in Science
North programs, and without a control group, it is difficult to
determine other factors that may have influenced the changes we
documented with this sample. We saw a large reduction in sample
size (Figure 9) from an expected 240 students to 45 students
mostly due to consent requirements.

Concept Map Method
Student concept map drawings were interpreted as icons, or
what they appeared to represent physically at surface level, and
were translated into single words or phrases. Interpreting a
drawing strictly on physical resemblance can lose the complex,
deeper meaning that could have been intended. Türkcan (2013)
assessed drawings by children and found that even among similar
drawings, students had different mental models of what these
images meant. This deeper level assessment of student drawings,
as well as the actual organization and layout of the concept maps,
would be an interesting analysis for future studies to gain a deeper
understanding the impact of in-school outreach programs.

Use of Emoji Scale
Emoji scale results demonstrated that students chose multiple
emojis, indicating feelings of more than one emotion toward
science. In addition, the emoji representing sadness was not
chosen in either the pre or post survey, indicating that this may
not be an emotion commonly felt toward science. Future use of
emoji scales in studies with children should take these findings
into consideration when designing such scales.

Interval of Time Between Pre- and Post-surveys
A 7-day interval between the pre-survey and the in-school
outreach program, followed by another 7-day interval before

the post-survey allowed other variables to potentially affect
students’ self-reported outcomes, including additional science
lessons and discussions about the Science North program.
While these other learning opportunities and events support
the notion of a science learning eco-system, it creates
difficulties in determining the direct outcomes of specific
program interventions.

Additional Methods of Data Collection
Other methods of data collection such as interviews and focus
groups, although not feasible during this study due to time
constraints, are certainly desirable for a study examining what
student experiences lead to changes in their experimentation
skills, critical thinking skills, and their sense of wonder. Future
investigations could consider such methods of data collection
to gain a deeper understanding of the students’ perspectives
following in-school outreach programs.

CONCLUSION

In-school science outreach is a unique form of informal science
education, done in collaboration with formal institutions,
that can positively impact students’ science knowledge,
engagement, and skills. Research investigating the outcomes
of these programs can further support the inclusion of
science center-led, in-school outreach science programs in
science classrooms.

Our study evaluated an in-school science outreach program
through a case study of the Science North program “Mission
to Mars.” The use of a logic model to establish program
goals and outcomes was valuable in this evaluation and is
recommended for other institutions. The logic model we
created can be used as a template for other organizations
doing similar in-school informal science outreach. It is
recommended that these be created in partnership with
schools to create mutually beneficial programs with student
outcomes that align with goals of all organizations involved.
We used the logic model to determine student changes in
outcomes that align with the NSF Framework (Friedman,
2008) impact categories of knowledge, skills, and engagement,
which are also related to Science North strategic goals of
increasing: (1) experimentation, (2) critical thinking, and (3)
sense of wonder.

Our pre and post surveys demonstrated increased student
knowledge on the program topic, aligning with school-related
curriculum goals. Students self-reported higher engagement
levels through an increase in positive emotions and feelings of
excitement toward science following exposure to the program.
The Science North outcome of sense of wonder, aligning
with our evaluation of student curiosity for science, increased
following post-program, and sense of wonder toward space-
related science also increased. Increases in students’ positive
emotion toward science could, in the short-term, increase student
motivation toward science, leading to long-lasting interests in
science. Finally, only a small number of students reported an
increase in skills such as experimentation and critical thinking
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post-program. These skills take time to develop, and it can be
argued that the single, short-term program evaluated in this study
did not provide the students with enough exposure for them
to self-report a change, and at ages 10–11, they may be in the
initial stages of gaining, and recognizing these important skills
in relation to science.

Integrating inquiry-based methods of teaching into
classrooms may be challenging for some schools, but partnering
with an informal science institution, like a science center, can
bring engaging science learning opportunities for students.
Evaluating the impacts of in-school science outreach helps
demonstrate measurable outcomes on students’ science learning
and engagement with science topics, while providing empirical
evidence of the potential benefits of these science center-led
programs to formal science education.
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