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Abstract: Three middle school sites are compared to assess the measured impact of informal space science 
education activities on science content knowledge, enthusiasm for an event such as a total solar eclipse, and 
longer-term dispositions toward space science and a solar eclipse. The space science camp intervention of the 
treatment group resulted in the greatest overall gains, pre to post, and preserved most of these gains three months 
later in a follow up assessment. However, analysis of comparison data produced context-enriching findings as 
well, including that school-based preparation of middle school students for an event such as a solar eclipse, by 
their teachers, can also produce measureable positive effects. The implications of these findings are that formal 
learning environments (schools) should seek out opportunities to capitalize on the excitement of informal science 
events, and integrate these into the traditional school context. The authors propose that the combination could aid 
in fostering the development of knowledgeable learners at the middle school level with a passion to pursue a 
focused study path into adult life, enhancing the likelihood of further development into a STEM career. 
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Introduction 
  
Formal and informal learning activities related to STEM education may be able to reinforce each other to promote 
more meaningful student engagement and long lasting career intent outcomes. There are many accounts of a single 
teacher inspiring such a passion for learning a subject that students would pursue the topic for several years, as a 
major in college and beyond. According to the National Research Council (2009), people also learn science in non-
school settings and that is an important component to science education in which policy makers, practitioners and 
researchers should pay attention. There are many examples of young learners devoting concentrated focus to an after 
school club or competition leading to a related career. For example, 75 percent of Nobel Prize winners in the 
sciences report that their passion for science was first sparked in non-school environments (Friedman & Quinn, 
2006). 
 This paper focuses on technology-enhanced space science opportunities made possible through NASA’s 
educational outreach initiatives in informal learning contexts. In particular, activities and preparation for the 2017 
solar eclipse that bisected the entire United States was a focus of learning in both formal and informal environments. 
The Great American Eclipse of 2017 was NASA’s largest education and outreach event in history with 90 million 
views on the NASA solar eclipse page. Their social media presence also included Twitter, Facebook Live, Snapchat, 
Instagram, Reddit, Tumblr and NASA TV broadcast which alone had 30 million views. This was the first solar 
eclipse visible in North America in nearly 40 years and was of interest to formal and informal educational 
organizations.  
 The University of North Texas (UNT) is part of a five-year collaborative with NASA Goddard Space Science 
Center to involve innovative technologies in support of learning about space science. One focus during 2017 was to 
provide educational learning opportunities about the eclipse, with a larger goal of interesting more students in space 
science. UNT developed a Saturday camp on campus six months prior to the eclipse to teach middle school 
participants about the eclipse and the importance of the sun. As the eclipse day neared, more schools and teachers 
became interested in the opportunity to teach their students about this event. While an event such as the eclipse is 
not part of the typical middle school curriculum, it is often studied or observed in a more informal learning 
environment. However, this solar eclipse occurred in these locations during midday on a school day. Therefore, in 
addition to providing resources and activities for the Saturday camp students and others at their school, resources 
including solar eclipse viewing glasses as well as safety guidelines were provided via informal means to two 
additional middle schools to allow their students to participate in the eclipse viewing. 



 This paper includes data collected from students who participated in informal learning activities that were 
encouraged and enhanced in formal learning environments. Following the presentation of measured impacts of 
informal learning events on middle students’ content knowledge of and enthusiasm for space science, as well as on 
overall STEM dispositions, the focus will shift to implications for technology-using educators. This will be further 
extended to the rich opportunities that exist though an envisioned mix of traditional information technology 
platforms, emerging ubiquitous low cost technologies, and social networking environments, for teacher educators. 
 
Connecting Informal and Formal Learning Experiences in the Age of Participatory Media 
 
"Contrary to the pervasive idea that schools are responsible for addressing the scientific knowledge needs of society, 
the reality is that schools cannot act alone, and society must better understand and draw on the full range of science 
learning experiences to improve science education broadly"		(NRC, p. 12). As reported by Bull, Thompson, Searson, 
Garofalo, Park, Young and Lee (2008), there are a variety of settings in which informal learning occurs. These 
include youth programs, after-school programs, museums, and online communities. These settings offer 
opportunities to link student engagement to academic content without the normal school day constraints of time and 
the school curriculum. These authors also observed that there appears to be little collaboration or sharing of ideas 
between those who work in formal school settings and their counterparts in informal settings. Therefore it is difficult 
to incorporate lessons learned in informal settings to school settings  (Bull et al., 2008). This paper focuses on 
sharing lessons learned from informal, technology-enhanced, events to the attention of those who provide preservice 
and inservice teacher education, in hopes that these ideas can be incorporated into schools. The end result is 
envisioned to be a bridge between informal and formal learning.  
 
 

Methodology 
 

Participants 
Included in this paper are data gathered from three middle school sites in 2017, including one site that is considered 
the treatment site and two comparison sites. The participants from the three sites were middle school students from 
rural, public schools in the vicinity of the university conducting the research. 
 For Site 1, participants were 20 sixth graders from a rural public school district in the Southwestern US, in 
which they attended a Saturday half-day event at a nearby university. The 20 students were selected from among 
approximately 200 sixth graders who wrote short essays about why they wanted to attend a space science camp. The 
selection committee was composed of a middle school science teacher, technology coordinator, principal and an 
assistant superintendent. The content portion of the camp began with a four-minute movie explaining the upcoming 
solar-eclipse, and a brief welcome video from a representative of NASA’s STEM Innovation Lab. Students were 
split into three smaller groups that took part in activities in round-robin fashion. Hands-on activities included: 1) 
developing a string model of part of the solar system and trying out solar eclipse pinhole cameras as well as NASA-
certified solar eclipse glasses; 2) completing 2D and 3D printing of solar eclipse representations and apparatus; 3) 
interacting with augmented reality space mission apps and virtual reality video segments focusing on space science, 
and 4) finding their GPS location on NASA Eyes to determine what their view might look like at their home or 
school on the day of the eclipse. Educators from the student’s school accompanied them to the Saturday camp and 
observed. These activities are described completely in a related publication (Christensen, et al., 2017). 
 For Site 2, participants included 40 middle school students from a public school district in the Southwestern US 
who provided baseline data during a brief visit by a university representative who provided solar eclipse glasses, 
safety information and flyers related to the eclipse, during May 2017. These students were assessed with the same 
instruments used in Site 1 and Site 3. These students completed the survey instruments once, three months prior to 
the eclipse event and without any attempt at educational intervention on the topic of space science. These students 
served as a baseline comparison group for the treatment (intervention) participants at Site 1. 
 For Site 3, participants included 446 middle school students in the eighth grade of a public school district in the 
Southwestern US. Students were led by their teachers in discussions of space science and solar eclipse concepts, 
during the week immediately preceding the solar eclipse on August 21, 2017. These students were assessed with 
many of the same instruments used in Site 1 and Site 2. They completed the survey instruments toward the end of 
the week immediately preceding their observation of the eclipse through the viewing glasses led by their teachers. 
These students served as a second comparison group for the primary treatment participants at Site 1. 
 



Instrumentation 
Each participant at Sites 1, 2 and 3 completed a Space Science Survey instrument consisting of demographic items 
plus: a) a five-adjective, seven-point Semantic Differential scale (example: Boring _ _ _ _ _ _ _ Interesting) with the 
target of “To me, space science is” (Cronbach’s Alpha for these data = .90); b) a five-adjective Semantic Differential 
scale with the target of  “To me, the solar eclipse is” (Alpha  = .90); c) a six-item, five-rating point Likert scale (SD 
to SA) with questions such as “I want to learn more about eclipses.” (Alpha = .75); and a seven-item, multiple 
choice, content knowledge exam with items such as “An eclipse is defined as an astronomical event that occurs 
when one celestial object moves _______________ another, partially or fully obscuring it from view.” The scores 
include the total number of content items correct. Complete content items are included in a previous paper 
(Christensen et al., 2017). Item-level data were combined into scale scores, and these scale scores were used for the 
analyses presented in this paper. Disposition items related to space science and the solar eclipse are provided in the 
Appendix. 
 

Results 
 
Trends Across Three Sites 
As shown in Table 1 and graphically displayed in Figure 1, the contexts of Sites 1-3 appear to have produced 
different outcomes with anticipated patterns of measured effects. In particular, the baseline comparison group (Site 
2) produced less positive measures than the other two groups in all areas except Enthusiasm for a solar eclipse. This 
was likely a measure of the excitement produced by the university representative visiting and handing out flyers and 
NASA-certified solar viewing glasses in advance of the Total Eclipse of 2017, approximately three months before 
the event. The school at Site 1 is a nearby school district, similar in size and student representation, to Site 2. Site 1 
students (treatment), who were selected from 200 of their classmates by school personnel based on essays, were 
significantly (p < .05) higher than the baseline comparison students at Site 2, in their perceptions of Space Science 
and the Solar Eclipse, even before their space science camp Saturday activity, and well before any follow up 
discussion of the topic by their teachers. This is likely a measure of Site 1 students’ predispositions toward space 
science, which also resulted in their writing more interesting/meaningful essays and getting selected for the space 
science camp as one of 20 among 200. Most students at Site 3 completed assessments either the Friday immediately 
before the Monday eclipse, or on the morning of the event that occurred at 1 pm on the same day. Measured levels 
of content knowledge and especially perceptions of (dispositions toward) a solar eclipse for these 446 8th grade 
students were high. This is likely due to the integration of in school with outside of school activities and the 
proximity to the eclipse event itself. Several additional patterns of findings, with implications for preservice and 
inservice teacher education are presented in the following sections, based on the site that had pre-post data 
acquisition. 
 
Table 1.  
Descriptive Statistics for Three Space Science Activity Sites 

Site N Content  STD 

Space 
Science 

Total STD 

Solar 
Eclipse 
Total STD 

Enthus-
iasm 
Tot STD 

Site 1: Treatment Pre 
Sat. Camp 20 3.55 1.47 6.03 1.52 5.95 1.09 3.22 0.86 
Site 1: Post Camp 20 4.60 0.94 5.86 1.41 5.72 1.34 3.81 0.77 
Site 1: Follow-Up  20 4.45 1.23 6.48 0.52 6.34 0.62 3.62 1.00 
Site 2: Baseline 
Comparison 40 3.37 1.37 4.94 1.45 5.18 1.46 3.70 2.67 
Site 3: Baseline 
Comparison 446 4.70 1.37 5.30 1.29 5.87 1.15 3.38 0.80 
 
 

         	



 
Figure 1. Trends across three sites with assessments at 1-3 time periods. 
 
 
Longitudinal Findings from Treatment Site Participants  
 
Site 1 included pretest before the Saturday Space Science Camp activity, a post test after the event, and a three 
month follow up assessment for the same students. Hands-on, technology enhanced, space science learning activities 
for these middle school students, focused on the topic of a solar eclipse, resulted in large Space Science Content 
Knowledge gains (p = .002, ES = 1.12), and this knowledge was largely retained three months later (p = .004, ES  = 
.66). These activities also resulted in a significant (p < .05) increase in Enthusiasm for a solar eclipse from pretest to 
post test (p = .03, ES = .54). Enthusiasm waned from posttest time to three months later, to the point where 
Enthusiasm was still higher than at the time of the pretest, but not significantly higher than pretest or posttest, by the 
time of the follow up assessment (pretest to follow-up, p = .48 (NS), ES = .25).  In addition, these hands-on, 
technology enhanced, space science learning activities resulted in a significant (p < .05) increase in Semantic 
Perception of a Solar Eclipse from pretest to follow up assessment three months later (p = .03, ES = .67). Semantic 
Perception of a Solar Eclipse became slightly less positive from pre-camp activities to immediately after, but 
increased extensively three months later, after which teachers had taken the opportunity to discuss the upcoming 
eclipse with all students on several occasions. Semantic Perception of Space Science (vs. Solar Eclipse) produced a 
similar but less strong (NS) profile to that of Perception of a Solar Eclipse. These findings are graphically displayed 
in Figure 2. 
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Figure 2. Trends across three time periods for students attending a space science camp. 
 
 

Implications for Technology and Teacher Education 
  
This research indicates that content knowledge gain is rapid and retention is strong as a result of these kinds of 
hands-on, technology-enhanced learning activities. This research also showed that enthusiasm for engaging in 
science topics accelerates rapidly during these types of activities, but tends to wane somewhat over time. However, 
longer term dispositions toward a specific science topic (a Solar Eclipse), and to a lesser extent the broader field of 
Space Science, can increase but need time to grow under nurturing guidance such as that which is often delivered by 
a teacher in school. Findings collectively imply that successful implementation of technology-enhanced learning in 
an informal learning context may require attention to the learner’s cognitive processes, enthusiasm for the subject, 
and sustaining dispositions, at different points in time. 
 Implications of these findings are that improvements in knowledge and attitudes toward STEM-related topics 
that may lie in the informal learning realm can enhance and be embraced by the formal learning environment when 
schools work with informal learning environments as partners in learning. While all the activities in this study were 
conducted in informal spaces and were provided by personnel not associated with the school, educators who 
accompanied the students observed the activities and became very enthusiastic about the impact on learning for all 
their middle school students. This model could be encouraged in teacher education programs as well as school 
district professional development activities. Preservice and inservice education has an opportunity to encourage the 
development of partnerships with informal learning environments to support and enhance their curricular offerings 
and help students find interests that can be supported both in and out of school. Conversely, informal learning 
organizations in non-school environments could reach out to share their learning experiences with schools, to offer a 
potential bridge to instill in learners a lifelong passion for content areas that may ignite interest in a related career. 
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Appendix. 
Space	Science	Survey	

Gender:		___M		___F	 	 	 Grade	Level:	 	 	

Your	initials:	________	 	 	 Birth	month:	 	 			Birth	date:	 	 	 	
	 	 	 	 	 							(Example):							April		 	 					3	
	

Instructions:	Choose	one	circle	between	each	adjective	pair	to	indicate	how	you	feel	about	the	object.	

To	me,	space	science	is	
1.	 Fascinating	 ○	

1	
○	
2	

○	
3	

○	
4	

○	
5	

○	
6	

○	
7	

Ordinary	

2.	 Appealing	 ○	
1	

○	
2	

○	
3	

○	
4	

○	
5	

○	
6	

○	
7	

Unappealing	

3.	 Exciting	 ○	
1	

○	
2	

○	
3	

○	
4	

○	
5	

○	
6	

○	
7	

Unexciting	

4.	 Means	nothing	 ○	
1	

○	
2	

○	
3	

○	
4	

○	
5	

○	
6	

○	
7	

Means	a	lot	

5.		 Boring	 ○	
1	

○	
2	

○	
3	

○	
4	

○	
5	

○	
6	

○	
7	

Interesting	

 

To	me,	the	solar	eclipse	is	
1.	 Fascinating	 ○	

1	
○	
2	

○	
3	

○	
4	

○	
5	

○	
6	

○	
7	

Ordinary	

2.	 Appealing	 ○	
1	

○	
2	

○	
3	

○	
4	

○	
5	

○	
6	

○	
7	

Unappealing	

3.	 Exciting	 ○	
1	

○	
2	

○	
3	

○	
4	

○	
5	

○	
6	

○	
7	

Unexciting	

4.	 Means	nothing	 ○	
1	

○	
2	

○	
3	

○	
4	

○	
5	

○	
6	

○	
7	

Means	a	lot	

5.		 Boring	 ○	
1	

○	
2	

○	
3	

○	
4	

○	
5	

○	
6	

○	
7	

Interesting	

	

Rate	each	statement	on	a	scale	of	1-5,	1=Strongly	disagree,	5=Strongly	agree	

	 1	 2	 3	 4	 5	
I	know	where	to	find	more	information	about	eclipses.	 ○	 ○	 ○	 ○	 ○	
I	want	to	learn	more	about	eclipses.	 ○	 ○	 ○	 ○	 ○	
I	plan	to	find	out	more	about	eclipses	before	the	August	eclipse.	 ○	 ○	 ○	 ○	 ○	
I	plan	to	view	the	eclipse	live,	online	or	on	TV.	 ○	 ○	 ○	 ○	 ○	
I	know	how	to	find	out	about	events	in	my	area	related	to	the	eclipse.	 ○	 ○	 ○	 ○	 ○	
I	plan	to	tell	other	people	about	the	eclipse.	 ○	 ○	 ○	 ○	 ○	
	
Created	by	the	Institute	for	the	Integration	of	Technology	into	Teaching	and	Learning	for	the	NASA	HEC,	2017.	
	

 


