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Abstract

As the astronomy education community develops, a need has arisen for concrete research and evaluation
methodologies, especially within informal educational settings. We propose one such methodology, action
evaluation, which attempts to demystify the process of research/evaluation and recruit as partners those
who are traditionally left out of this process. Based on the tradition of action research, this methodology
incorporates research/evaluation into the fabric of programs and places the researcher/educator in a
centralized role. We provide concrete examples of tools that we have used to enact this methodology and
elaborate using three case studies from our work in a museum. 

1. INTRODUCTION

Astronomy as a subject area has had a long, interesting history spanning the formal and informal education
worlds. In the late 19th century, astronomy was commonly taught in high schools and academies, and a
majority of students took it is as a course (Rorer 1906). It was, in 1876, for example, an acceptable subject
for admission to Harvard University (Broome 1902). When the high school curriculum moved toward
greater standardization, astronomy as a formal course essentially disappeared. Initiating this
standardization was the Committee of Ten, appointed by the National Education Association (NEA) in
1892 to investigate "the general subject of uniformity in school programmes and in requirements for
admission to college" (U.S. Bureau of Education 1893, 3). Mythology around the topic suggests that no



astronomers were invited to the 1892 Committee of Ten meeting (Bishop 1977), and thus, more predatory
subjects quickly filled the void. However, William W. Payne, an astronomy professor from Carleton
College, was present at the Physics, Astronomy and Chemistry subcommittee and did endorse its
recommendations, though he left early (U.S. Bureau of Education 1893; see Note 1).

As Marché (2002) has noted, astronomy as a core high school subject became displaced as a result of a
combination of factors, not just because of the recommendations of the Committee of Ten. The
widespread adoption of the elective system in schools, the decline of mental discipline pedagogy, the
increased popularity of laboratory-based science instruction over the prevalent textbook-recitation
methods used in astronomy classes, and the influence of the language-dominated Committee on College
Entrance Requirements (NEA 1899)—all these factors contributed to the demise of astronomy as a core
topic in high school. Displaced from high school studies, it never became a college preparatory subject. By
the early 1910s, the widespread adoption of the Carnegie Unit, with its "one science for one year equals
one credit" equation, spelled the death of formal astronomy education. As an unelected elective, its
enrollment quickly declined (Rorer 1906). Eventually the content became dispersed into other science
courses such as physics and earth science, and most students would come to learn about the subject in
informal educational contexts. It was not until the launch of Sputnik that astronomy would once again start
to be found in formal high school courses (Marché 2001). Despite the few opportunities that students have
to learn astronomy in formal K–12 settings, the situation does begin to look up in college. By the time
students enter college, almost 25% of college students elect to take an astronomy class (where available)
even though it is not a required course (Fraknoi 1995; Association of Universities for Research in
Astronomy [AURA] 2006). The effect of this delay on science and astronomy interest and career choices
is unclear and is an issue that needs further study.

Even though its history in formal education is marked by lapses, astronomy has lived on with great vigor
in the informal education sector. The brief history of formal education above serves to highlight the
importance of informal education in astronomy education. For many, informal education opportunities
offer the only chance for exposure to, and exploration of, the tools, methods, and understandings of our 
universe.

While there are many similarities between formal and informal learning environments (Dierking 1991),
thinking of the two as separate is useful in acknowledging the different ways that students are exposed to
astronomy. Because most of a student’s life is spent outside classrooms, it makes sense that learning in
informal educational environments is increasingly acknowledged as a key to understanding how students
do or do not become scientists (Dierking et al. 2003; National Research Council 1996; National Science
Teachers Association 1998. Even with calls for research into these aspects of an individual’s learning, few
studies have focused on the informal learning experiences of students (Fadigan & Hammrich 2004),
especially in the field of astronomy.

1.1 Informal Science Education 

Informal education has its beginnings in the long-established field of museum education (Dierking et al.
2003), and many learning theories and researchers from this arena have become leaders in informal
science education. This growing branch of science education was officially recognized in 1998 by the
NSTA as "often the only means for continuing science learning in the general public beyond the school
years" (1998). One year later, the National Association of Research in Science Teaching (NARST)
established the Informal Science Education Ad Hoc committee to focus on out-of-school science



education. In their policy statement, they define "informal science learning" as "science learning that
occurs outside the traditional, formal schooling realm" (Dierking et al.).

For the purpose of this article, we define "informal astronomy education" as any instance in which
astronomy is taught and learned outside of formal educational settings (most notably schools). This
includes outlets as varied as museums, after-school programs, science clubs, homes, and amateur
astronomy association events. Although a range of educational research has been conducted in these
varied settings, a coherent set of methodologies has yet to be developed. To strengthen the research base
and to support the development of a professional, scholarly, and robust informal astronomy education
community, this article describes a selection of methods and a functional framework for facilitating such
research. 

1.2 Toward a Working Methodology

Although there are varied approaches to educational research (Keeves 1997), we highlight one specific
type, action research, that we believe is especially applicable to informal astronomy education. Action
research is defined as research that leads to change in practice through an immediate feedback cycle that
alternates between action and study of those actions (Dick 1999). In formal education settings, action
research is often thought of as small research projects conducted with or by teachers in order to improve
some element of their teaching (Keeves 1998). 

Action research has yet to make a significant impact on informal science education, though such research
is often conducted without labeling it as such. Examples include marketing and attendance surveys used to
improve a program, satisfaction surveys given at the end of an exhibit to inform future exhibit design, and
focus groups that seek to understand how visitors react to exhibits in the formative stages of development.
Action research occurs, for example, when an institution or individual collects the data, uses the data to
make some sort of change, and then continues the cycle of iterative evaluation. What we hope to document
and encourage is the adoption of action research techniques by individual educators in informal settings.

Using an action research framework, we seek to encourage educators to view educational research as an
appropriate mechanism for improving understanding and implementation of informal astronomy education
programs. Second, we encourage researchers to view their research participants as visitors and students,
and not as subjects to be studied from a distance. With these goals in mind, the research methodology we
suggest has two essential characteristics: (1) research/evaluation methods are embedded in the learning
experience, and (2) research/evaluation is carried out with participants, not on them. 

2. NEW METHODOLOGY: ACTION EVALUATION

For research to be valued, it must have an immediate and real influence on those who seek to use it
(Greenwood & Levin 1998). To address this concern and to meet the need for program evaluation, we
propose a way of working that creates a dynamic cycle of program evaluation, improvement, and
knowledge creation. This cycle builds on the goals of traditional research and evaluation in astronomy
education to include knowledge creation and program improvement as essential features of programs.
Doing so connects the research and evaluation to direct improvements in programs and practice, and we
label this methodology action evaluation.



In distinguishing action evaluation from formative, process, and summative evaluation, we identify two
unique features. First, action evaluation incorporates evaluation as an ongoing and natural component. In
traditional evaluations, assessments are distinguished from program activities to separate the object of
study and the evaluator. In the case of action evaluation, assessments are instead an essential feature of
programs and are often adapted versions of activities already in use.

Embedding evaluations in the fabric of a program allows the researcher-educators to weave assessment
into their practice, essentially making their practice both a product (of an assessment and implementation
cycle) and a process (of instruction). This leads to the second unique feature of action evaluation: the
placement of the researcher-educator into a centralized role within the evaluation program. Action
evaluation places the researcher-educator inside the loop of evaluation and implementation throughout the
course of a program, resulting in a dynamic and continual reevaluation of program activities.
Consequently, the researcher-evaluator is part of the evaluation, improvement, and knowledge creation
cycle and plays a central role in the program (see Figure 1 for a visual representation and summary). This
article exemplifies this methodology by documenting a number of tools that an informal astronomy
educator can use to create his or her own feedback cycle and thus improve his or her program offerings.

Figure 1. Model for Action Evaluation

Validity and reliability are important concerns when developing new methodological approaches, assuring
that the research is robust and authentic. Of central importance is maintaining a match between the
methods and the underlying ideas being explored. A simple method of maintaining validity and reliability
while "in the field" conducting action evaluation is to follow rules laid out by Wolcott (1990):

1.  Talk little, listen a lot 
2.  Record accurately 
3.  Begin writing early 
4.  Let readers "see" for themselves 
5.  Report fully 
6.  Be candid 
7.  Seek feedback 



8.  Try to achieve balance 
9.  Write accurately 

We have adopted these rules into the feedback cycle of action evaluation and emphasize their use for those
who traditionally do not engage in education research. By bringing partners into the research practice, we
aim to demystify research for these partners and encourage them to think of it as a series of actions and
behaviors. 

As a methodology, action evaluation faces many of the same validity and reliability concerns of other
first-person research methodologies. To address these concerns, action evaluation (besides following
Wolcott’s nine rules) requires the adaptation of research tools and questions based on unexpected
observations and outcomes. Through this constant reevaluation, a research team is able to maintain a
match between what they are studying and the methods used to study it (i.e., methodological alignment;
Hoadley 2004), thereby addressing some of the threats to validity often encountered in experimental and
quasi-experimental design research. As tools and questions are adapted, researcher-educators can strive for
external reliability by providing accurate descriptions of their role in the situation, the method by which
participants were chosen, the social context of the situation, underlying assumptions and theories used, and
their methods of data collection and analysis (LeCompte & Preissle 1993). 

Using the spectrum of informal astronomy opportunities offered at a large natural history museum in the
northeast United States (hereafter "the museum"), we illustrate this methodology in two phases. First, we
describe a set of easy-to-use educational research tools for use within informal learning environments.
Then, we illustrate their use in three case studies taken from informal astronomy education programs. 

3. RESEARCH AND EVALUATION TOOLS

To provide concrete examples of how specific research tools can be used in an informal learning
environment to practice action evaluation, we describe a set of methods that have been used in museum
programs for evaluation and research purposes. Each of the methods was chosen to fit a specific program,
and we describe this rationale as part of a short synopsis of the tool (see the appendix for an overview of
the tools). 

3.1 Open-Ended Written Responses

One method of collecting data about students is to ask them to write answers to carefully selected written
questions. For example, in one museum program, we asked participants two questions: (1) "Describe any
recent experiences that have changed your view of science and explain how your views have changed,"
and (2) "Explain how and why you view yourself as a scientist." These questions were meant to provide
participants with opportunities for self-reflection and aid our research and evaluation of the program. The
strength of such a method lies in its balance between structured and unstructured responses, providing the
openness of a narrative with the organization of a question-and-answer format. These types of measures
are most useful for middle- and long-term programs, where such responses can be used to adapt activities 
midstream.



3.2 Science Autobiographies

Similar to the open-ended written responses, science autobiographies present another method for
individuals to write about their interactions with science (Koch 1990). In the same museum program in
which we used open-ended written responses, individuals were instructed, "write your science
autobiography," and were told, "it should be an account of your life as a scientist, starting as far back as
you deem important to give a full account, and projecting into the future as far as you can imagine." This
method has the additional benefit of describing important events in the development of an individual’s
attitude toward science through a personally constructed history (as opposed to the prompted responses
from open-ended written responses). It is most useful for individuals with at least some background
experiences in science but could be used as early as middle school age. As with the open-ended written
responses, this method is useful for participants to make meaning of their experiences with science by
reflecting on them and is also useful for program staff to find out what experiences (if any) resonate with
participants. 

3.3 Reflective Journal

A reflective journal can be used to identify significant events in individuals’ experiences during a
program. We used this method successfully in a high school internship program, having interns reflect on
their daily activities. In these reflections, interns wrote about experiences or thoughts pertaining to the
internship, providing a unique inside view of their experiences. This inside view helped program staff
adjust their weekly activities and practices, and acted as an asynchronous communication tool between
staff and interns. The journal was kept as a public document to which all interns had access, and we
encouraged them to read it, creating a social vehicle for both written and oral discussions. Because of the
social nature of such entries, there will likely be a certain amount of social editing, but the strong sense of
ownership should counteract such tendencies. This method is best used in programs with sustained
activities over time so that the input can be used for adapting program activities. 

3.4 Question Decks

As we designed one of our programs, we recognized the inherent value of questions but also the need to
find out about student interest (in younger students) in a timely fashion. To do this, we created decks of
question cards for each topic in the program. These card decks contained frequently asked questions, and
the students could shuffle through them, the teacher could go through them with the class, or students
could arrive with them preshuffled.

This technique has a number of limitations, including the amount of time it takes to create the cards and
the issue of access to a bank of frequently asked questions. However, the technique also offers flexibility
and can be used in long- or short-term programs with students of any age (cards could even have pictures
for students who have not yet learned to read). The cards can be sorted by students to determine their
interest level or level of content knowledge, and students can eliminate cards that they are not interested in
or cards on topics that they "already know everything about." 



3.5 Recording Oral Questions 

In a classroom-based museum program, we were able to pay special attention to recording oral questions
in field notes by dedicating a specific researcher to the task. Field notes included general context notes
such as classroom activity, actions of the participants, and forms of participation. Although having a
dedicated in-class researcher is not an option for every informal astronomy program, a similar result can
be accomplished with a voice recorder if a researcher cannot be present. This allows students’ oral
questions to be logged even though the educator may be unable to write them down as they are asked.
These questions can be used in two different ways: (1) to gauge student interest in particular topics (see
Good et al. 1987) and (2) to direct future classes toward students’ interests and to address frequently asked
questions and misconceptions. 

3.6 Question Book

In the same classroom-based program in which we recorded oral questions, we adapted students’
notebooks to include a section to capture written questions. Typically, students used notebooks for
completing work and projects, pasting items into the book to create a portfolio of their work and activities.
To adapt the books, we created both a dedicated question section in the back of the notebook and a "safari"
question page for each trip (safari) through the museum. During the classroom portion of the program,
students used their book for activities and to record any questions that they had. Using a physical notebook
for students to record written questions was very useful for the classroom-based program and has also
been used with success in middle school science classes (Groome, Rivet, & Suh 2005). 

4. CASE STUDIES

Within the wealth of astronomy programming and correspondingly broad range of research and evaluation
tools found in the museum, we want to highlight three methods in more detail. These practical descriptions
are meant to provide sufficient contextual information for others to find commonalities with their own
programs and be able to implement a duly altered tool in their own work.

4.1 Reflective Journal

4.1.1 The Method

When working with long-term programs, especially ones with activities that take place at different times,
like those in an internship, a reflective journal can be extremely useful for the participants (e.g., interns),
those running the program (e.g., staff), and those interested in assessing the program (e.g., researchers). It
is most effective with high school age and older, when individuals can be thoughtfully self-reflective.

4.1.2 Using It

During a seven-week high school internship program, we used a daily reflective journal to record interns’
insights. The internship was structured around three activity carts that included numerous hands-on,
participatory experiments and demonstrations that illustrated various ideas found in the museum halls,
themed broadly around the topics of light, telescopes, and planets. The activity carts provided a basis for
other internship activities and a touchstone for interns’ interactions with the public, peers, museum



scientists, and program staff. 

Because we knew that interns’ interactions with visitors would be an important part of the internship
experience, a means for them to reflect on their experiences was built into the program activities. After
interns worked on an activity cart, they wrote a short reflection about that day, including whatever ideas
they thought important to pass on to other interns. This journal was kept as a public document so that all
interns, as well as program staff, had access to their insights.

As a research tool, the reflective journal was useful on three different levels. First, it allowed program staff
to evaluate the day-to-day operations of the activity carts and to address any issues that arose in a timely
fashion. By having interns write about their daily experiences, program staff were able to quickly and
efficiently identify interns’ concerns and ideas and address them in a constructive fashion while the
internship was still occurring. Second, interns used the journal as a vehicle to communicate with the other
interns, whom they saw only once a week. Using youth language, they sometimes held discussions not
directly related to their time on the carts but that were nonetheless a part of what they experienced as the
internship. Third, the journal provided an intern’s perspective on the internship experiences, giving a voice
to ideas that they deemed important or worthy of discussion. Hearing an insider’s point of view afforded
us (program staff and researchers) a rich description of how interns were experiencing the internship, in
contrast to a researcher’s voice as an outsider.

4.1.3 Implications

By incorporating the reflections of interns, the researcher-educators involved in the program were able to
continually adapt the program activities at the same time that they were creating institutional knowledge
for the design of future internship programs. In this way, the knowledge gained from the reflective
journals was used during and after the internship to inform the practices of researcher-educators and 
interns.

4.2 Question Decks

4.2.1 The Method

In a one-shot workshop-type program, question decks can provide a quick and easy way to evaluate an
audience’s interest and knowledge level. They provide the educator with an opportunity to tailor the
program to the specific class, gearing activities toward the knowledge and interests of the group. 

4.2.2 Using It

At the museum, we often have programs with children and adults of unknown interest and knowledge
levels. In one such program, all participants were given a deck of question cards when they entered the
program. The decks were composed of 10–15 cards, each of which contained a question about the
program topic. The questions addressed varying levels of knowledge of the topic (e.g., "Why is Mars red?"
"What is on the surface of Mars that causes it to appear red?" and "Are the red rocks on Mars made of the
same elements as the red rocks here on Earth?"). The questions also addressed the breadth of content in the
program and included questions on aspects of the topic (e.g., Mars) that would be covered in the program. 



Participants were given instructions to sort the questions into three piles: (1) "I want to know more about
that," (2) "I’d rather learn about something else," and (3) "I know everything there is to know about that
topic." During the introductory time in class, the educator looked through the participants’ piles of cards
and noted questions that they were interested in, topics that they felt they knew already, and finally, topics
in which they were uninterested. 

From the initial sort, the educator could make a number of assumptions about the range of students in the
class. If the students choose a wide variety of questions that they are interested in, the educator may
choose to cover a wider variety of content in less depth. On the other hand, if the group puts many of the
cards in the "I know every thing there is to know about this topic" pile, the educator may consider
increasing the content level of the course. Another possibility is that many students are interested in one
particular topic; that too would appear in the cards because many students would place questions about the
particular topic in the "I want to learn more about that" pile. This may indicate to the educator to go into
more depth for that particular topic. 

4.2.3 Implications

Although this method will provide information about a specific group, it can also help inform and
transform programming. If the arrangement of the cards and any resulting patterns are recorded (perhaps
children consistently want to hear more about rocks on Mars), these patterns can be taken into
consideration when creating or adapting a program. 

A final note concerning the question decks: Not all students participate at the same level or frequency. If
there are a large number of students, an educator may take the opportunity to gauge the knowledge and
interest of the quietest students by paying special attention to their decks. This will allow the educator to
hear the voices of more types of students—both those who participate orally and those who do not.

4.3 Recording Oral Questions

4.3.1 The Method

Student questions can provide a window into students’ thinking, and recording them provides a concrete
record for educators and researchers—a potentially valuable source of information during the planning and
implementation of programs. Oral questions are particularly useful in shaping the learning environment
(van Zee et al. 2001), and creating a method to capture them is therefore a fruitful exercise. 

4.3.2 Using It

During a six-week classroom-based after-school program at the museum, we used a dedicated researcher
or a digital voice recorder to record student questions. The educator was often not in the position to
address all student questions at one time or remember them to address in the future. Recording their
questions therefore allowed for the review of topics of interest to the children and of misconceptions that
may have arisen from the class discussion or content. 



Recording was undertaken in two ways. In many classes, an educational researcher was present to make
transcript-quality notes of the children’s questions and the educator’s responses. When the researcher was
not available to observe the class, a digital voice recorder (an iPod with an iTalk microphone) was placed
on the floor next to the educator to record the class. After the class, the audio recording was reviewed, and
questions were turned into written transcripts. The audio was then downloaded onto a computer and
burned to a CD for archival purposes. 

An example of how this technique was used to strengthen a program comes from a class in which the topic
was "What is a planet?" During the class, the children had many different ideas and were very passionate
about the topic, especially the issue of whether Pluto should be classified as a planet. After reviewing the
audio recording, individual answers regarding the Kuiper Belt, the Oort Cloud, and the icy nature of Pluto
showed confusion not originally perceived by the educator during the class. These topics then served as a
starting point for the next class discussion.

For further research into children’s ideas and interests, a class program can be approached as a large focus
group, and oral questions can be recorded to capture the topics and questions that arise. The kinds of
questions that a particular program generates can give you insight into its accomplishments. For example,
if the goal of your program is to change participants’ conceptions, then you can look for evidence of this
in their questions (e.g., more higher-order questions). If, on the other hand, all the questions are lower
order, operational questions (e.g., asking the name of a planet), then you might wish to reconsider the
learning goals or methods of your program.

4.3.3 Implications

Student questions were used in two slightly different ways. First, we used the data to gauge student
interest in particular topics (see Good et al. 1987). This was useful for both the educator and students
because instruction and program content could be tailored to reflect the specific topics most interesting to
students. In this way, the teaching and learning were customized for the participating students while
maintaining a close match with the planned curriculum.

Second, the data were used to design future classes to fit students’ interests and to address their frequently
asked questions and misconceptions. In planning for future classes in this program, we also sought to
create an institutional memory of students’ interests. This allowed us to create better programs that
reflected the interests of, and best instructional practices for, our local audience.

5. CONCLUSION

It is becoming increasingly important for informal educators to be able to evaluate their own programs. As
informal educators, their toolbox may be limited to only formative and summative evaluations or, in some
rare cases, process evaluations. We hope that the introduction of action evaluation as a research
methodology to improve programs in real time will encourage informal educators to try out additional
tools. Equally important, we hope that informal educators share their successes and failures with peers so
that we as a community can learn from one another and continue to strengthen our practices and 
knowledge.



Note 1. Payne left the subcommittee meeting at the end of the second day (U.S. Bureau of Education
1893, 117). The Physics, Chemistry and Astronomy subcommittee made 22 recommendations in
answering the questions set by the Full Committee of Ten. Three of the recommendations related
specifically to astronomy and are quite telling in their advice:

9.  That Astronomy be not required for admission to college. 
10.  That when the high school course is four years, an elective in Astronomy be offered. Time—

five recitations per week during a period of twelve weeks. 
11.  That the study of Astronomy should be by observation as well as by class-room instruction.

(U.S. Bureau of Education 1893, 118) 
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Appendix

Click here for the appendix, an overview of the tools discussed in this article. The appendix is a PDF file.
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