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PREFACE 

 

This research explores teachers’ informal learning experiences.  It generates hypotheses 

about the nature of these experiences, the learning that occurs, and the resultant effects on 

teachers’ professional lives.  It also offers an example of how informal learning measures 

can be operationalized within analysis of the effectiveness of a professional development 

program.  It concludes by offering recommendations for future research and policy.  This 

research will be of interest to those involved in the education community, including 

policy-makers, education researchers, teachers, students, and parents. 

 

Portions of this research were conducted in conjunction with research funded by the 

National Science Foundation through Northwestern University.  The opinions and 

conclusions expressed are those of the author and should not be interpreted as 

representing those of RAND, the National Science Foundation, or Northwestern 

University. 
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ABSTRACT 
 

 
 

This dissertation explores teachers’ informal learning experiences.  It examines a group 

of inquiry science teachers, generating hypotheses about the nature of their informal 

learning experiences, the learning that occurs, how those experiences affect their 

professional lives, and the implications for education policy.  It also provides an example 

of how to operationalize informal learning measures within an evaluation of a particular 

professional development program. 

 

Two data collection instruments were developed and administered to teachers from the 

Learning Technologies in Urban Schools (LeTUS) curriculum.  First, interviews were 

conducted with 20 teachers.  Second, interview results were used to develop an informal 

learning survey, which was completed by 39 teachers.  Interview and survey results 

indicate that many teachers believe they do engage in valuable informal learning 

experiences.  Particularly important experiences include past non-teaching jobs, learning 

from one’s past teachers, and familial relationships.  Teachers’ perceived learning 

focuses primarily on pedagogical skills and knowledge.  This learning has the potential to 

influence the effectiveness of teachers’ formal learning experiences, what teachers do in 

their classrooms, and possibly students’ learning.   

 

Results of this dissertation and of follow-up research can lead to increased effectiveness 

of teacher training programs by suggesting better design and more efficient program 

administration by states and districts.  Additionally, they provide the basis for improved 

research on teacher training effectiveness.  Finally, they can help guide states’ and 

districts’ teacher-recruiting efforts by identifying adults who have already acquired 

specific teaching-relevant knowledge and skills.
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Chapter 1: Why Study Teachers’ Informal Learning? 
 

I. Introduction 
 

This dissertation is a first step in systematically exploring teachers’ “informal learning” 

experiences and their effect on teachers and their formal training opportunities.  There is 

considerable theoretical and empirical research on teachers’ pre-service and in-service 

formal training experiences.  A very small number of studies suggest that teachers might 

engage in learning external to their formal training.  As well, there is considerable 

research regarding adults’ learning through life experiences that are not part of any 

formal training process.  All three of these strains of research have the potential to 

enhance the other, yet, to date, they have not been studied jointly.  This dissertation 

begins to synthesize them, generating hypotheses about teachers’ informal learning 

within the context of their professional lives and formal training experiences.  

Throughout this dissertation, “informal learning” refers to all learning that occurs 

external to the formal teacher training process.   

 

A. Why Focus on Teacher Learning? 

There are many reasons why policy research should focus on teachers’ learning 

experiences.  First, many believe teachers’ learning to be an indispensable component of 

school improvement.1  Education researchers, professional development designers, and 

others commonly claim that high quality teachers’ learning opportunities are vital to 

development of a highly qualified teacher workforce, which can improve the American 

educational system at large.2  Many also believe that educational improvement is defined 

at the student level; in other words, teachers’ learning is effective primarily to the extent 

that it causes increases in students’ achievement.3     

 

                                                 
1 Hawley, W. D. and L. Valli (1999). The Essentials of Effective Professional Development. Teaching as 
the Learning Profession. San Francisco, Jossey-Bass. 
2 Sykes, G. (1999). Introduction: Teaching as the Learning Profession. Teaching as the Learning 
Profession: Handbook of Policy and Practice. L. Darling-Hammond and G. Sykes. San Francisco, Jossey-
Bass. 
3 Cohen, D. and H. Hill (2000). "Instructional Policy and Classroom Performance: The Mathematics 
Reform in California." Teachers College Record 102: 294-343. 
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Second, many states have policies governing teacher learning.  Resting squarely on the 

potential for greater student achievement, many states (including Illinois, the context for 

this research) have codified provisions mandating teacher learning.  In 1999, Illinois 

passed a law requiring practicing teachers to undergo a significant amount of professional 

development (PD) as a condition to renewing their state teaching certificates (which 

otherwise expire every five years).  The exact amount of PD depends on the forum and 

format, but the law is clearly intended to increase the amount of PD undergone by 

practicing teachers.  The law explicitly cites as its motivation the need to “improve 

student achievement by helping teachers keep up to date in their current fields of 

teaching, in areas designated by the State Board of Education as high priorities for all 

teachers, and in areas relevant to their own local school improvement plans.”4   

 

The third reason to focus on teacher learning is that, due to its emergence as a vital 

educational policy issue, it has become an active and vibrant area of policy research.  

Currently, there is much work (and debate) surrounding the effectiveness of pre-service 

training and in-service PD.   

 

B. Introducing the Notion of Teachers’ Informal Learning 

Since there is limited research on teachers’ informal learning, it is difficult to offer an 

exact definition.  In fact, one goal of this dissertation is to refine the definition of 

teachers’ informal learning.  As such, this research begins by broadly defining informal 

learning as learning that is not part of the teacher training process.  Formal learning refers 

to that which is.  Thus, formal learning consists of pre-service training such as education 

coursework and student teaching, as well as in-service training, most typically in the form 

of professional development.  Taken together, informal learning and formal learning are 

meant to be exhaustive of all learning experiences, making informal learning potentially 

quite vast.  For instance, although learning in school while a young student is, in many 

senses formal, it is considered “informal” here since it is not explicitly a part of teacher 

training.   

 

                                                 
4 105 ILCS 5/21 (1998). 
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Teachers’ informal learning experiences have rarely, if at all, been addressed in the 

policy context.  However, if they confer teaching-relevant knowledge and skills, then 

they might profoundly influence teachers, their students, and the effectiveness of 

teachers’ formal training experiences.  There is reason to suspect that such experiences 

do, indeed, confer relevant knowledge and skills.  First, there is research suggesting that 

adults’ informal learning might be highly relevant to the learner’s profession.  There are 

also a small number of studies describing teachers who engage in informal learning and 

who use the resultant knowledge and skills within their classrooms.  (This research is 

described later in this chapter.)  Second, there are anecdotal data supporting the notion 

that teachers’ informal learning might be highly important to their teaching.  Specifically, 

the research herein originated as a study of the effects of PD on students’ science 

achievement.  However, during initial informal discussions with teachers about their PD 

opportunities and the effect on their teaching, many were intent on describing distinctly 

“non-professional development” experiences.  Some discussed the importance and 

influence of their biology teachers from freshman year of high school.  One described 

her5 third grade teacher and how he treated everyone with dignity and respect.  Another 

described her parents, both teachers, as role models for her teaching.  Another described 

frequent consultation of the New York Times website; yet another spoke of her 

experience as a manager in the insurance industry.  These, and other, examples seem to 

strongly suggest that teachers’ informal learning might play an important role in their 

lives.   

 

II. This Research 

A. Purpose 

This dissertation begins to systematically explore teachers’ informal learning experiences 

and their effect on teachers.  Specifically, it generates hypotheses regarding four research 

questions: 

• Do teachers engage in informal learning experiences?  If so, what are they? 

• What do teachers learn from those experiences?   

                                                 
5 Although this research was conducted with both male and female teachers, feminine pronouns will be 
used throughout for all teachers, in order to help preserve anonymity. 
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• How does teachers’ informal learning affect their professional lives and their 

teaching-relevant knowledge and skills? 

• How can knowledge of teachers’ informal learning be useful to policy? 

 

These hypotheses are generated through development of new data collection instruments, 

synthesis of distinct areas of learning research, and collection and analysis of data.  It 

does not formally test any hypotheses.  This is primarily because the few existent studies 

on teachers’ informal learning do not provide large data sets, reliable constructs or 

measures, data collection instruments, or other tools that would be necessary for 

hypothesis testing.  Rather, these studies provide some insight that can help guide initial 

exploration of informal learning.  The hypotheses that are generated by this dissertation 

are intended for use by future research as guidance for increased systematic exploration 

of teachers’ informal learning experiences.   

  

B. Methods Used 

Data in this dissertation are collected in two ways.  The first is exploratory interviews 

asking teachers to relate their important informal learning experiences.  The second is an 

informal learning survey that probes five specific informal learning experiences.  The 

purpose of the survey is to provide data that can be used to generate hypotheses about 

those experiences.  The interviews serve two purposes.  First, they also provide 

information about teachers’ informal learning experiences, often in more detail than the 

survey.  Since informal learning can mean very different things to different individuals, 

this level of detail can be very valuable in identifying the many types of experiences, the 

wide range of learning that might occur, and the ways in which that learning can affect 

teachers.  Second, interview results offer valuable guidance for survey development.  

Because of the lack of systematic exploration of teachers’ informal learning, it would be 

very difficult to generate a survey of teachers’ informal learning experiences without first 

asking teachers to provide specific examples.  Their interview responses help guide 

survey development by identifying important experiences, the learning that might result, 

and how that learning is important, all of which are vital components of the survey.  

Additionally, interview data facilitate exploration of the literature on adult learning, 
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which helps survey development by identifying the effects of learning experiences on 

people’s lives.  It would be difficult to use the literature on adult learning without 

guidance from the interviews because the literature is quite highly diverse.  Interview 

data help identify specific important informal learning experiences, which can then be 

explored in the literature.  

 

C. Population of Teachers Studied 

The population for this dissertation consists of approximately 80 middle school teachers 

in Chicago and Evanston, Illinois, all of whom taught at least one LeTUS curriculum unit 

in the 2001-2002 school year.  LeTUS is a middle school science curriculum designed by 

the Center for Learning Technologies in Urban Schools, housed at Northwestern 

University.  LeTUS curricula consist of independent 10-week units, each focusing on a 

particular topic appropriate for middle school science (such as global warming, evolution, 

animal behavior, and ecology).  Each unit employs computer technology and is based on 

the model of inquiry-based science (IBS), where students’ questions are meant to guide 

their own learning process.  Most 2001-2002 LeTUS teachers taught only one 10-week 

unit, though a few taught two or three.  Some of the teachers were in self-contained 

classrooms, and only taught science to one class per day, while others were purely 

science teachers and taught to as many as five different classes per day.  Students in all 

LeTUS units were asked to take a test before the unit enactment and a test upon 

completion.  Of the 80 teachers who taught LeTUS, 51 teachers returned their students’ 

pre and post-tests to Northwestern.  Since one component of the data analysis in this 

dissertation is to illustrate how informal learning measures can be related to students’ 

achievement, these 51 teachers, with a comparable measure of students’ gain,6 are the 

relevant sample.   

 

                                                 
6 The issue of comparability of students’ LeTUS test gains is dealt with more fully in a sample analysis of 
informal learning, shown in Chapter 5. 
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20 teachers were interviewed.  Nineteen belonged to the group of 51 described above.7  

All 51 teachers were sent a survey; 39 completed and returned it.  Of those 39, 18 also 

had been interviewed.      

 

III. The Policy Relevance of Informal Learning 

 

One way that teachers’ informal learning can be relevant to policy is through its potential 

to affect the quality of teachers’ formal training.  Some studies, when read jointly, 

suggest that knowledge of teachers’ informal learning can be used to improve PD design 

and teachers’ PD choices.  If true, then knowledge of teachers’ informal learning might 

be able to positively affect policy on teacher training.  Improving teacher learning 

experiences is vital, as there is a perceived disconnect between teachers’ learning needs 

and available PD.  Teachers’ learning opportunities have been described as consisting 

“mostly of scattered, decontextualized events . . . adding up to a hodgepodge of 

knowledge about teaching and learning that does not lead to a coherent vision or 

knowledge base to guide practice.”8  This lack of cohesiveness can be a significant 

roadblock to school improvement especially in highly urban areas, where teachers 

encounter increasingly diverse students and many who are held back in the same grade 

over multiple years.9  It can be even more problematic for reform-based inquiry science 

teachers,10 such as those considered in this research, since many teachers never 

experienced inquiry science as a student, they tend to have limited experience teaching 

it,11 and they might have difficulty in embracing the ideals of inquiry for their students.12  

 

                                                 
7 One teacher was interviewed based on the expectation that she would administer and return her students’ 
pre and post-tests, which she never did.  Her interview responses, however, are still included in the chapter 
on interviews. 
8 Bobrowsky, W., R. Marx, et al. (2001). The Empirical Base for Professional Development in Science 
Education: Moving Beyond Volunteers. NARST, St. Louis, Missouri. 
9 Smylie, M. A., E. Allensworth, et al. (2001). Teacher Professional Development in Chicago: Supporting 
Effective Practice. Chicago, Consortium on Chicago School Research. 
10 Inquiry science, explained in more detail in later sections, is a form of instruction based on the notion 
that students’ own exploration should guide their learning process.  Inquiry curricula are quite popular 
today, especially in primary and middle schools. 
11 NLIST article at http://www.inquiryscience.com/inquiry/wkresources/workingdocs/NLISTarticle.doc 
12 Costenson, K, and A. E. Lawson. 1986. Why isn't inquiry used in more classrooms? The American 
Biology Teacher 48(3): 1 50- 1 58. 
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Illinois has recently initiated a policy intended to improve student achievement by 

making teachers’ PD experiences more cohesive and appropriate for teacher needs.  It 

passed a law in 1999 requiring that each teacher create a forward-looking five-year PD 

plan, which details the teachers’ learning needs and the types of programs that will likely 

be attended for professional development credit.  New plans are required every five years 

as a condition of certificate renewal.  Plans must be approved by the teacher’s Local 

Professional Development Committee (LPDC), which is meant to assist teachers in plan 

formation, review the plans, and monitor teacher progress.13   

 

This policy, by itself, may not be enough to enhance PD cohesiveness.  Since PD choices 

are largely left to the teachers themselves,14 the law’s effectiveness is largely dependent 

on teachers’ abilities to recognize their own learning needs and match them to available 

PD opportunities.  Thus, if PD can be better designed and if teachers can be guided 

towards better PD choices, then Illinois’ policy that mandates PD can be more successful.  

Further, if better PD design and better PD choices can be facilitated by consideration of 

teachers’ informal learning experiences, then their informal learning can have an 

important role in enhancing the effectiveness of PD policy.  The following more fully 

explains why consideration of informal learning has the potential to improve PD design 

and teachers’ PD choices.  It also describes how informal learning can contribute to better 

research and evaluation on PD effectiveness. 

     

A. How Can Informal Learning Improve PD Design? 

The effectiveness of any given formal training program can be dependent upon what the 

participants already know.  For instance, a biologist might not learn new material from a 

beginner class on cellular structure, and a science novice might not understand a seminar 

on advanced thermodynamics.  To be effective, the program should be appropriate for 

what the given participants already know.  If what they know is at all acquired through 

informal learning experiences, then consideration of their informal learning can help 

program designers more effectively tailor their programs to the participants’ expertise.      

                                                 
13 It is unclear to what extent LPDCs actually effectively engage in these roles, as relevant data are scarce.   
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There is research that supports this chain of logic.  For instance, Loucks-Horsley et al., 

rely on basic principles of cognitive psychological theory to point out that learners’ prior 

knowledge can determine the effectiveness of their learning.  Specifically, they state:   

 
Learners’ conceptions are important foundations for future 
learning.  When consistent with conceptions that are currently 
accepted by mathematics and science, this “prior” or “informal” 
knowledge is a strong base on which to build new understandings . 
. .   [Learners’ conceptions] interact with knowledge presented in 
formal instruction, resulting in a variety of learning outcomes, 
some desired by the teacher and others unintended.15 

 

The authors maintain that this applies to learning by both students and teachers.  Even 

when teachers’ knowledge and beliefs are in contrast to accepted beliefs, they still affect 

the effectiveness of the formal learning process, according to some teacher learning 

theorists.16  Effective professional development should therefore, according to another 

Loucks-Horsley work, provide opportunities for teachers to build on their pre-existing 

knowledge, skills, and attitudes.  Letting teachers “build,” however, requires that the PD 

designers know something about teachers’ baseline levels of knowledge and 

experience.17  Thus, effective PD design should account for teachers’ extant knowledge 

and beliefs.18 

 

If a teacher’s knowledge and skills were purely a function of formal training, then their 

informal learning might be irrelevant.  However, it is quite likely that teachers’ prior 

knowledge and skills are, at least in part, determined by informal learning experiences.  

                                                                                                                                               
14 Illinois does require minimal amounts of topic-specific PD (such as in literacy and technology), however, 
the vast majority of the decisions are left to the individual teachers.   
15 Loucks-Horsley, S., P. Hewson, et al. (1997). Designing Professional Development for Teachers of 
Science and Mathematics. Thousand Oaks, CA, Corwin Press. 
16 Morine-Dershimer, G. and T. Kent (1999). The Complex Nature and Sources of Teachers' Pedagogical 
Knowledge. Examining Pedagogical Content Knowledge. J. Gess-Newsome and N. G. Lederman. 
Dordrecht, The Netherlands, Kluwer Academic Publishers. 
17 Loucks-Horsley, S., K. Stiles, et al. (1996). Principles of Effective Professional Development in Math 
and Science Education: A Synthesis of Standards. Madison, University of Wisconsin, National Center for 
Improving Science Education. 
18 Hawley, W. D. and L. Valli (1999). The Essentials of Effective Professional Development. Teaching as 
the Learning Profession. San Francisco, Jossey-Bass. 
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Some studies, described below, suggest that teachers do engage in valuable learning from 

informal learning experiences, which might be reflected in their teaching. 

 

Goodson, a developmental researcher who has studied teachers’ professional and 

personal lives, states 

 
For it remains clear that in the accounts they give about life in schools, 
teachers constantly refer to personal and biographical factors.  From 
their point of view, it would seem that professional practices are 
embedded in wider life concerns.19 

 

He bases this claim on a number of studies that seek to explain the effect of teachers’ 

lives and personal characteristics on their teaching and learning.  One, by Butt, et al., 

quite strongly states the importance of using biographical analysis to better understand 

teachers’ informal learning experiences.20  Butt maintains that this will allow teachers’ 

own perspectives and knowledge of classroom realities to emerge, which should result in 

more thorough consideration of teachers’ points of view when designing PD models, 

thereby improving “traditional” models of PD.   

 

Unfortunately, the support for both Goodson’s and Butt’s claims is moderately tenuous.  

Their assertions are based on very small teacher samples and are quite limited in their 

generalizability.  Butt’s work illustrates two teachers who relate their learning 

experiences to their current teaching practices.  One teacher believed that his emphasis on 

language skills in the classroom was due to his experience as a non-English speaker when 

a student.  The other felt that her teaching methods for culturally diverse students were in 

large part based on her previously obtained knowledge of minority cultures.  According 

to Butt, she believed she acquired knowledge directly from a high school social studies 

teacher who sparked her interest in Japanese culture, her time as an adult living in 

Pakistan, and her experience teaching English there.  Another study cited by Goodson 

                                                 
19 Goodson, I. F., Ed. (1992). Studying Teachers' Lives. New York, NY, Teachers College Press. 
20 Butt, R., D. Raymond, et al. (1992). Collaborative Autobiography and Teachers' Voice. Studying 
Teachers' Lives. I. F. Goodson. New York, NY, Teachers College Press. 
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describes only five teachers, and their perceptions of their informal learning.21  Perceived 

important experiences included teaching with a church mission (which required much 

different strategies than those for an urban school), experience with multiple cultures, 

negative role models while in school, reading for one’s own edification, familial 

experiences, and others.  Since these studies recruited only a handful of participants, 

Goodson’s and Butt’s claims of the importance of informal learning are speculative at 

best.  However, they serve as indicators that informal learning might be important 

components of teachers’ lives, and that they should be studied in more detail. 

 

Other researchers have also tried to show that important teacher learning can occur in 

informal settings.  Professor Jane Danielewicz’s work on teacher “identity development” 

traces the early career path of six teachers, all from the same university’s undergraduate 

education degree program, going to significant efforts to detail the backgrounds and 

important life experiences of these future teachers.22  She pinpoints many details of their 

life experiences, including active church participation, childhood leadership roles, 

community work with various cultures, and involvement in “cultural phenomena” (such 

as the campus-wide reaction to the O.J. Simpson verdict).  Convinced that these types of 

experiences make up significant determinants of teachers’ professional lives and 

practices, she lays out complex interactions of each individual’s life experiences and 

resultant classroom-relevant outcomes.  Unfortunately, this complexity tends to obscure 

the effects of the individual experiences.  (Certainly, these within-individual interactions 

likely are quite complex – perhaps even more so than Danielewicz claims.  For purposes 

of this dissertation, however, the complexity is a barrier to identification of truly 

important informal learning experiences.)  However, she very adequately describes a 

small number of teachers and hypothesizes that certain informal learning experiences can, 

in part, determine these teachers’ professional knowledge, skills, and beliefs. 

 

                                                 
21 Knowles, J. G. Ibid.Models for Understanding Pre-Service and Beginning Teachers' Biographies: 
Illustrations from Case Studies. 
22 Danielewicz, J. (2001). Teaching Selves: Identity, Pedagogy, and Teacher Education. Albany, State 
University of New York Press. 
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Two works significantly strengthen the notion that teachers’ learning is not simply 

limited to formal contexts.  In a 1989 study, education researcher Mark Smylie showed 

that a very large group of teachers perceived certain informal learning experiences as 

important to their development.23  Smylie surveyed over 1500 National Education 

Association member randomly selected teachers, asking them to indicate the importance 

of various sources of learning in their professional lives.  The 14 sources included 

components of teaching experience, professional development programs, pre-service 

training, and informal learning.  Collectively, the teachers ranked  “individual study and 

research” as the third most effective source, and “reading professional journals” as the 

ninth.  It is somewhat unfortunate that Smylie’s only measures of informal learning 

experiences were these two areas, but this study lends legitimacy to the notion that 

teachers’ participate in informal learning and that it can be valuable, at least as perceived 

by the teachers themselves.   

 

The second work, by Smaller, Clark, et al., presents results of a teacher survey that 

purports to address their informal learning.24  Survey results showed that teachers 

engaged in learning at the workplace, in the home, in the community, and elsewhere.  

Though this supports the idea that teacher informal learning exists, this study is deficient 

(for purposes of this dissertation) in a number of areas.  First, there is very little cohesion 

of experiences, as their survey largely consists of a list of experiences and “yes or no” 

answers to “have you participated in [the given experience]?”  Second, there is very little 

exploration of each experience.  The authors simply tally the number of responses, 

yielding very little information about the knowledge gained or the importance of the 

experience.  Thus, important questions remain unaddressed: Are these experiences 

specifically relevant to the teaching context?  What actually occurs during these 

experiences?  Are there dimensions of each experience that can be meaningfully 

explored?  Third, their survey is not specifically designed for teachers, rather for adults 

                                                 
23 Smylie, M. A. (1989). "Teachers' Views of the Effectiveness of Sources of Learning to Teach." The 
Elementary School Journal 89(5): 543-557. 
24 Smaller, H., R. Clark, et al. (2000). Teacher Learning, Informal and Formal: Results of a Canadian 
Teachers' Federation Survey. Toronto, New Approaches to Lifelong Learning. 
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generally.25  Therefore, there is no link between non-classroom-based experiences (which 

are the primary focus of this dissertation) and the teacher’s professional life, again 

leaving the question of each experience’s importance and potential teacher learning 

outcomes unaddressed.   

 

Researchers Morine-Dershimer and Kent specify the actual nature of informal learning 

for teachers a bit more explicitly, hypothesizing that teachers possess “personal 

pedagogical knowledge,” which is determined by their beliefs, attitudes, and prior 

experiences.26  Interestingly, in their discussion of the sources of “personal pedagogical 

knowledge,” Morine-Dershimer and Kent describe how non-classroom based settings can 

be the basis for important beliefs and attitudes, but limit discussion of past experiences to 

the classroom setting.  It seems unlikely that if important beliefs and attitudes can come 

from sources external to the work environment, then experiences within that environment 

would be the only ones of value.  However, if they are correct that “personal pedagogical 

knowledge” is a vital component to teachers’ lives, its origins should be further explored.           

 

Finally, many teachers learn how to teach from their past (non-teacher training) teachers.  

This mode of informal learning has the potential to be highly relevant to improved PD 

design, especially for teachers who teach inquiry science curricula (such as those in this 

research).  First, their need for effective PD might be especially heightened, since inquiry 

science teachers often need to implement new curricula based on newly developed 

standards.  Second, it might be especially difficult to provide them with PD programs that 

effectuate positive change in the classroom.  Kennedy claims that since many current 

teachers were not taught via reform practices, their frames of reference need to be 

changed in order for them to teach reform effectively.27  She supports this by maintaining 

that such a change is, in fact, the goal of education reform.  Dan Lortie, a sociologist, 

                                                 
25 See Livingstone, D., W. (2000). Exploring the Iceberg of Adult Learning: Findings of the First Canadian 
Survey of Informal Learning Practices. Toronto, New Approaches to Lifelong Learning. 
26 Morine-Dershimer, G. and T. Kent (1999). The Complex Nature and Sources of Teachers' Pedagogical 
Knowledge. Examining Pedagogical Content Knowledge. J. Gess-Newsome and N. G. Lederman. 
Dordrecht, The Netherlands, Kluwer Academic Publishers. 
27 Kennedy, M. M. (1999). The Role of Preservice Teacher Education. Teaching as the Learning 
Profession: Handbook of Policy and Practice. L. Darling-Hammond and G. Sykes. San Francisco, Jossey-
Bass: 56. 
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states that these frames of reference, or conceptions of teaching effectiveness, can 

undergo significant development prior to a teacher’s formal training, often beginning in 

an individual’s first contact with her teachers.28  If a teacher’s conceptions are not 

consistent with the tenets behind a curriculum they teach, then it can be very difficult for 

any PD to overcome those conceptions.29  Lortie bases his claim about the early-life 

development of these conceptions on two of his research findings.  First, some choose 

teaching as an occupation simply to continue in an environment in which they feel 

comfortable and are thus likely influenced by their educational experiences as students.  

Further, Lortie posits that teachers-to-be engage in “apprenticeship of observation,” 

during which time what they learn about teaching is “intuitive and imitative.”  Because 

this knowledge is intuitive, the individual is unable to analyze or evaluate it.  It can thus 

surface in the form of imitation by the individual, potentially resulting in the propagation 

of certain teaching practices, which “transcends generations,” according to Lortie.  He 

acknowledges that it would take more research to confirm his claim, which he bases on 

his own study, where 42% of 94 teacher-interviewees, unprompted, connected their own 

teaching practices to those of a prior teacher.  Kennedy maintains that these frames of 

reference are especially important for those teaching reform because reform instruction 

has much ambiguity in assessing students’ learning needs.  Thus, according to her, PD 

that attempts to enhance reform instruction needs to shape and match these frames of 

reference specifically to reform goals and ideals.  If it fails, teaching practices will likely 

not change, and teachers will not implement reform curricula appropriately.30  Therefore, 

PD for reform teachers might strongly benefit from taking into account teachers’ 

formative learning from their own past teachers.   

 

As can be seen, there is research indicating that formal training effectiveness is dependent 

on participants’ past learning.  There is also work suggesting that teachers’ past learning 

can be significantly comprised of informal learning experiences.  If true, then these works 

                                                 
28 Lortie, D. C. (1975). Schoolteacher. Chicago, University of Chicago Press. 
29 Feiman-Nemser, S. (1983). Learning to Teach. Handbook of Teaching and Policy. L. S. Shulman and G. 
Sykes. New York, Longman: 150-170. 
30 Kennedy, M. M. (1999). The Role of Preservice Teacher Education. Teaching as the Learning 
Profession: Handbook of Policy and Practice. L. Darling-Hammond and G. Sykes. San Francisco, Jossey-
Bass: 56. 
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jointly suggest that informal learning can play an important role in teachers’ lives and 

their formal learning opportunities.  However, past research does not make clear either 

the nature of those experiences or their effects on teachers.  (Only Smylie’s work offers 

any specificity of experiences, and even his work does not lead to conclusions about their 

effects.)   

 

B. How Can Informal Learning Enhance Teachers’ Abilities to Make PD Choices? 

The second hypothesized benefit of considering teachers’ informal learning experiences 

is that teachers can use such information to choose PD that better fits their needs, and is 

thus more efficient.  This can occur via two, related mechanisms.  First, teachers who 

explicitly consider their past learning experiences may be better able to identify their true 

learning needs.  Second, they may be better able to determine the likely effectiveness of a 

given PD program for someone with their particular learning needs.  There are also two 

collateral benefits of increasing teachers’ awareness of their own past learning: 1) 

teachers who are more involved in assessing their learning needs are more likely to 

benefit from future PD and 2) reflection on past experiences can enhance the resultant 

learning.  

 

1. Better Matching of Learning Needs to Available PD  

It is possible that teachers choose to take PD that does not always address their actual 

learning needs.  If true, this would result in highly inefficient PD experiences.  For 

instance, a science PD program might teach about evolution.  A teacher who frequents 

natural history museums or regularly reads archeology journals might view this as an 

ideal training opportunity, falling squarely within her interests.  However, if she learns 

nothing (or very little) new from the PD, then the experience will have been a wasted 

opportunity.  If, however, she is encouraged to explicitly consider her past informal 

learning, she might more easily recognize her substantive knowledge of evolution and 

thus consider choosing PD that teaches something she does not know as well.   

 

There is some evidence that professionals often choose the most interesting formal 

training opportunities, not those they most need.  For instance, there is a current initiative 
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among postgraduate medical educators in Scotland that encourages more effective 

doctors’ professional development.  The educators claim that that identification of one’s 

own learning needs is a critical step in choosing effective continuing training.31  They 

state: 

 
[T]here is a wealth of evidence to suggest that doctors often select 
educational events based on interest, and not based on need. Interests are 
generally personal preferences and can therefore change. Needs represent 
deficiencies and remain as such until an educational activity takes place 
and meets the deficiency.        

 

If teachers were to act similarly, then there could certainly be potential for improvement 

in training choices.  Encouraging teachers to more explicitly evaluate their past learning 

experiences could help them identify their strengths and “deficiencies.”  Then, teachers 

could be encouraged to seek out available PD programs that focus on their specific needs.  

If this process were to occur while PD design were simultaneously being improved 

through consideration of these teachers’ informal learning, then the efficiency gains could 

be highly significant.  Attempts by PD designers to better tailor their programs to 

teachers and simultaneous attempts by teachers to select more appropriate PD might 

result in a much more cohesive and effective set of PD experiences for any given teacher.      

 

2. Increased Participation in Decision-Making and Reflection 

There are also two collateral benefits of encouraging teachers to consider their own 

informal learning.  First, PD may be more effective when teachers are given input to 

determining their learning needs32 (which, as described above, they can do by considering 

their informal learning).  Hawley and Valli support this by relying on numerous works 

claiming that teachers’ input can enhance their PD experiences.  One such work 

maintains that teachers who are allowed to help determine their own learning needs can 

be more motivated to learn new material, and thus experience greater benefits of PD.33  It 

offers no empirical evidence, but cites a study that describes the importance of a 

                                                 
31 http://www.show.scot.nhs.uk/scpmde/west/gp/learningneeds.htm 
32 Hawley, W. D. and L. Valli (1999). The Essentials of Effective Professional Development. Teaching as 
the Learning Profession. San Francisco, Jossey-Bass. 
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collaborative work environment and maintains that teacher input can enhance the level of 

that collaboration.34   

 

The second collateral benefit of encouraging teachers to reflect on their informal learning 

is that reflection may help transfer concrete events into learning experiences.35  Learning 

theorist David Kolb is a co-creator of a model of “experiential learning,” which espouses 

this theory.  As well, the aforementioned work by Morine-Dershimer and Kent 

hypothesizes that teacher reflection is the only way by which “personal pedagogical 

knowledge” can be translated into usable knowledge for the classroom environment.36  

According to them, reflection allows for “personal pedagogical knowledge” to interact 

with “general pedagogical knowledge” (which includes classroom organization, 

management, communication and discourse and instructional models and strategies) to 

produce “context-specific pedagogical knowledge,” which then guides teachers’ 

practices.  Kolb’s model has been validated through numerous studies, although Morine-

Dershimer and Kent’s appears to be merely conjecture.  Together, these works indicate 

that teacher reflection on informal learning may be valuable independent of any effects 

on future formal training.  Reflection may actually enhance the past learning that has 

occurred.         

 

C. How Can Informal Learning Improve PD Research and Evaluation? 

If teachers do learn teaching-relevant skills and knowledge from informal learning 

experiences, then PD research could benefit from their inclusion.  Specifically, these 

knowledge and skills from informal learning experiences might be correlated with (or 

even causative of) outcomes that are typically measured in PD research (such as teachers’ 

classroom practices).  If so, then excluding them in analyses of PD effectiveness would 

                                                                                                                                               
33 Hodges, H. L. B. (1996). "Using Research to Inform Practice in Urban Schools" Ten Key Strategies for 
Success." Educational Policy 10(2): 223-252. 
34 Fullan, M., F. M. Connelly, et al. (1990). Teacher Education in Ontario: Current Practice and Options for 
the Future. Toronto, Ontario Ministry of Education. 
35 Kolb, D. A. (1975). Toward an Applied Theory of Experiential Learning. Theories of Group Processes. 
C. L. Cooper. New York, John Wiley. 
36 Morine-Dershimer, G. and T. Kent (1999). The Complex Nature and Sources of Teachers' Pedagogical 
Knowledge. Examining Pedagogical Content Knowledge. J. Gess-Newsome and N. G. Lederman. 
Dordrecht, The Netherlands, Kluwer Academic Publishers. 
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be highly problematic, especially since PD typically cannot be randomized.37  Inclusion 

of measures of teachers’ informal learning might therefore improve the accuracy of PD 

research and evaluations.  For instance, if the effectiveness of a given PD program were, 

in part, determined by participants’ informal learning (as described in the section on 

improved PD design), then evaluation of the PD should include measures of such 

learning.  Oft-included teacher background characteristics, such as college major or 

degree, years of teaching experience, race, and gender may be correlated to informal 

learning experiences, but likely cannot be proxies for the actual learning.  If research and 

evaluation were improved, then PD design, which often relies on research to identify 

strengths and weaknesses of PD programs, can be improved accordingly.   

 

Two recent studies on PD effectiveness provide relevant examples.  Cohen and Hill 

found that participation in certain kinds of PD and the time spent in those programs were 

related to gains in students’ achievement and teachers’ classroom practices.38  Their 

analysis, however, did not account for any learning that might have occurred other than 

through teachers’ PD.  If some teachers had learned teaching-relevant skills or knowledge 

through non-PD means, then excluding measures of that learning could result in less 

accurate, perhaps even misleading, results.  For instance, if those who spent less time in 

the PD programs were engaging in other learning experiences, then the effects of the PD 

might be even stronger than Cohen and Hill determined (since those with more time in 

the PD still outperformed those with less time).  If, however, those who spent more time 

in the PD also were those who engaged in more informal learning, then the effects that 

appeared to be attributable to the PD might instead be due to some other learning source. 

 

The second study, by Garet and Porter, suggests that participation in math and science 

professional development can cause changes in teachers’ practices.39  It found that 

participation in PD that involved certain characteristics, such as “active learning” by the 

                                                 
37 Bobrowsky, W., R. Marx, et al. (2001). The Empirical Base for Professional Development in Science 
Education: Moving Beyond Volunteers. NARST, St. Louis, Missouri. 
38 Cohen, D. and H. Hill (2000). "Instructional Policy and Classroom Performance: The Mathematics 
Reform in California." Teachers College Record 102: 294-343. 
39 Garet, M. S. and A. C. Porter (2001). "What Makes Professional Development Effective?  Results From 
a National Sample of Teachers." American Educational Research Journal 38(4): 915-945. 
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participants, were associated with more frequent use of a set of pre-defined practices.  

However, teachers in their study had been free to select from a range of PD programs.  It 

is certainly possible that teachers who selected programs involving “active learning” 

were also those who regularly seek out informal learning opportunities.  Perhaps these 

teachers tend to frequent nature centers, go hiking, or read science journals, learning 

valuable science teaching-relevant skills and knowledge in the process.  If so, and if that 

learning were associated with greater use of the classroom practices studied, then 

participation in PD involving “active learning” might not actually cause use of those 

practices.  Rather, the positive relationship might only reflect a self-selection bias of 

participants. 

 

These studies are merely example of numerous PD analyses.  However, they effectively 

illustrate how inclusion of informal learning can improve the accuracy of an analysis 

meant to identify the effects of any teacher training program.    

 

IV. The Value of this Dissertation 

 

By generating hypotheses about teachers’ informal learning, this dissertation lays the 

groundwork for future research that can lead to improvement in teacher’s PD experiences 

and PD policy.  It collects new teacher informal learning data that can be used by policy 

and education researchers for continued exploration.  As their research progresses, it can 

begin to determine whether the above-described benefits are as likely to occur as the 

literature suggests and, if so, how best to facilitate them.  Additionally, future research 

might be able to identify other ways to capitalize on teachers’ informal learning 

experiences.  Perhaps it will find that certain informal learning experiences are associated 

with measures of success in the classroom and thus should be encouraged.  Perhaps it will 

find that informal learning is a valuable component of teacher learning, but that teachers 

must be able to choose their own, and cannot be directed to, informal learning activities.  

Or, perhaps it will determine that teachers’ informal learning experiences are not as 

important to their professional lives as this dissertation maintains.  Regardless of the 
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outcome, the exploration of informal learning for teachers has the potential to be highly 

important.  This dissertation begins that process of exploration. 

 

V. The Following Chapters 

 

The rest of this dissertation proceeds as follows. 

• Chapter 2 describes the teacher interviews.  Responses are categorized in order to 

identify teachers’ “important” informal learning experiences and to determine the 

resultant learning and how it can affect their professional lives. 

• Chapter 3 uses interview data to guide exploration of informal learning literature.  

It identifies adults’ learning experiences that have the potential to be particularly 

relevant to teachers.  It then describes the process of adapting the methods and 

results of that research to create a teacher informal learning survey. 

• Chapter 4 presents and analyzes survey results.  These analyses build on interview 

data by continuing the process of hypothesis generation regarding teachers’ 

informal learning.  It illustrates more systematic exploration of informal learning 

data than what was feasible with data from the interviews. 

• Chapter 5 draws on lessons learned in Chapters 1-3 to illustrate a new framework 

of how informal learning experiences might affect teachers and their students.  It 

then engages in a sample quantitative analysis of some of the relationships that 

comprise the framework.  In the process, it demonstrates how measures from the 

survey can be operationalized within quantitative analyses.    

• Chapter 6 summarizes the value of this dissertation.  It concludes by offering 

recommendations for future research and for policy. 
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Chapter 2.  Teacher Interviews 
 

I. Introduction 

 

The interview responses in this chapter begin the process of generating hypotheses about 

the nature of teachers’ informal learning.  Teachers’ perceptions of their important 

informal learning experiences provide a first look at whether they engage in informal 

learning, and if so, what was learned and how those experiences affect their professional 

lives.  Additionally, interviews help identify potentially important experiences, guiding 

development of the informal learning survey and exploration of adult learning literature. 

 

II. The Interview Process 

 

Twenty teachers were interviewed.  Some questions in the interview were meant to 

address research questions that were not part of this dissertation, meaning that large 

portions seem unrelated to identification of informal learning experiences.  However, 

teachers unexpectedly gave answers throughout the entire interview that were relevant to 

informal learning, necessitating a description of the entire, three-part, interview protocol.  

The following discussion, therefore, begins by detailing the interview process, including 

a description of those teachers interviewed.   

 

A. The Population of Interviewees 

The teachers interviewed all taught at least one LeTUS unit during the 2001-2002 school 

year.  A goal of this dissertation was to interview only from the 51 teachers who had 

administered and returned to Northwestern University their students’ pre and post-tests.  

One interview, however, was done with a teacher who did not return both her pre and 

post-tests.  That interview is included here for identification of teachers’ important 

informal learning experiences, but, since that teacher was not given a survey, is not 

included in analysis of survey results. 
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The twenty teachers interviewed were selected almost entirely based on their availability 

and willingness to participate.  Emails were sent and phone calls were made to teachers 

with available contact information.  They were offered a modest financial incentive to 

participate.  Almost all of those contacted responded that they would participate.  In some 

cases, scheduling conflicts and logistical difficulties kept the interview from occurring.  

Interviews most often took place after school or during a free period in the teachers’ 

classroom or a faculty lounge, although a small number took place in local restaurants 

and coffeehouses.  The typical interview lasted 40 minutes, with a minimum of 20 

minutes and a maximum of just over one hour.  Most interviews were audiotaped; all that 

were taped were then transcribed.  For the two teachers who chose not to be recorded, 

extensive notes were taken to record their experiences and their importance.   

 

B. Interview Content / Protocol 

The entire interview (not just for this dissertation) was meant to address three areas: the 

teacher’s science teaching practices, the teacher’s perceived important informal learning 

experiences throughout their lives (including what was learned from the experience), and 

the teacher’s description of their “good” or “important” formal training experiences 

(including pre-service and in-service).  The first and third areas were meant to address 

non-dissertation questions while the second area addressed the relevant informal learning 

experiences.  However, in their description of their science teaching practices and their 

training experiences, many teachers also discussed important informal learning 

experiences.  All teachers were aware that the interviews were done in connection with 

LeTUS curricula data collection.  All appeared to be comfortable with the interview 

process, and none explicitly indicated a belief that it was intended to somehow evaluate 

them or their teaching skills.    

 

The interview was semi-structured, so as to allow teachers to freely discuss their 

responses.  This was important so the teachers would not feel as though the interviewer 

expected a certain answer, or that the research community had determined a priori which 

answers were “good” or “correct.”  It was intended to ascertain a wide range of 

experiences, all of which would be considered when developing the survey.  This 
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exploratory research is descriptive by nature,40 and is important to the initial stages of 

studying a phenomenon and generating hypotheses.41  Despite the open-ended nature of 

the interviews, there was a protocol, which resulted in a modicum of similarities of 

interview questions.  This protocol is shown in Appendix A.   

 

The first part of the interview explored how the teachers teach science.  Often throughout 

this part, teachers justified their practices, occasionally referring to a previous experience 

that helped them choose to engage in the practice.   The second area explicitly probed 

teachers’ important science learning experiences.  It led the teachers through a 

chronology of their lives, asking them to highlight these experiences at each point.  

Teachers chose to begin the chronologies anywhere from kindergarten to college.  This 

portion of the interview was in part based on an interview protocol, called the Life Story 

Interview (LSI), created by human development researcher Dan McAdams.  The LSI is 

meant to explore individuals’ stories, and uses chronologies to study how they create 

their lives’ “chapters.”  It has, however, been adapted for use in teachers’ lives, 

specifically for mathematics.42  To design this portion of the interview, this adaptation 

was modified to focus on important science development experiences over the teacher’s 

life.  Notably, both McAdams’ work and the adaptation have distinct goals from those of 

this research.  They use the LSI to gain insight into individuals’ identities, a task which is 

as concerned with how the information is related by the individual as it is with the actual 

substance of the information itself. 

 

For this dissertation, however, the goal was much more modest – to understand only the 

content of the actual experiences recalled by the teacher, and not by the way in which the 

presentation builds an individual’s “story.”  Typically, this portion of the interview began 

with some variation of the question “what are some of the first memories you have that 

are related to science?”  Those experiences were then prodded for importance through 

questions such as “is that experience important to you?  How?”  If the teacher began the 

                                                 
40 Grover, V. A Tutorial on Survey Research: From Constructs to Theory. 2002. 
41 Dubin, R. (1978). Theory Building. New York, Free Press. 
42 Drake, C. (2000). Stories and Stages: Teacher Development and Mathematics Education Reform. 
Education and Social Policy. Evanston, Northwestern University. 
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chronology in high school or beyond, earlier experiences were typically probed by asking 

“is there anything earlier that you feel is important somehow?”  After exploring “early 

life” experiences, most teachers typically described either college or their first teacher 

training classes.  These were often discussed only briefly, and then post-college / training 

experiences were probed via questions such as “what other experiences since then have 

been important to your science teaching or development?”  Again, with each experience 

discussed, the teacher’s perception of its impact was explored.  The semi-structured 

nature of the interview was valuable primarily to the extent that it allowed teachers to 

emphasize certain experiences over others and to move past their occasional inability to 

remember experiences.  For instance, more than one teacher claimed to not have many 

“important experiences” when asked.  However, in talking through personal 

chronologies, many suddenly remembered events, relationships, or other things that in 

some way impacted them as science teachers.  This likely was an advantage of using the 

LSI adaptation versus simply asking teachers to relate important experiences; the latter 

seems unlikely to provide a mechanism to remember important past experiences if they 

are not otherwise readily “available.”  A chronology was used due to the possibility that 

encouraging teachers to consider particular times of their lives might allow for better 

recollections of the experiences during those times.  

 

The third area focused on teachers’ formal professional development experiences.  The 

questions asked teachers to first generally describe their PD over the course of their 

teaching, and then more specifically about those programs that were exceptionally 

effective.  Teachers often took this opportunity to discuss not only their formal PD, but 

also some of the informal learning experiences that occurred while they were teachers.  

Often, the informal learning experiences were offered as a contrast to specific PD 

experiences that teachers perceived as exceptionally ineffective.  

 

C. Teachers’ Responses 

The following describes and categorizes teachers’ learning experiences.  There are a 

number of ways that qualitative data such as this can be presented.  One is to proceed 

individual by individual, listing the responses of each.  However, this interview data is 
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useful to the extent that it enables meaningful categorization of responses, which can then 

aid in hypotheses generation and in survey design.  One way to categorize qualitative 

data is by looking at within-group repetition.43  Here, the transcript of each interview was 

read, the experiences for each teacher were listed, and then experiences were compared 

across teachers.  This process is like “pile-sorting,” in that experiences were identified as 

somehow similar, and then grouped according to those similarities.     

 

Through this process, it is entirely possible that some experiences could potentially be 

placed in multiple categories.  However, it is not vital to this work that each experience 

be placed into the “right” category (if one even exists).  Rather, the important task is to 

generate descriptive categories that can then be used to create questions for survey 

development.  Thus, these categories should not be viewed as representing the only 

grouping of the experiences discussed within them, but simply as reasonable descriptors. 

 

Further, generating categories requires some prioritizing of experiences.  In particular, the 

analysis and categorization that follows does not include teachers’ responses that seemed 

to be only indicators of interest, such as “well, I’ve always been interested in bridges and 

structures.”  If, however, they pointed to an experience focused on that interest, such as 

an internship with a civil engineering firm, then that experience would be included.  More 

subtleties involved in this process will be highlighted throughout.   

 

Twelve categories were identified.  They are, in order of frequency of mention in the 

interviews:  

• Past teachers  
• Past non-teaching jobs 
• Observations of “real-life” science  
• Non-children familial relationships 
• Watching television 
• Reading / internet use 
• Work with children 
• School administration experiences 
• Museum / science center attendance 
• Tutoring experience 

                                                 
43 Ryan, G. and H. R. Bernard (in press). Techniques to Identify Themes. 
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• Work in schools prior to being a teacher  
• Community work 

 

Figure 2-1, below, displays the percentage of the 20 teachers who gave answers that fell 

into these categories.  It is followed by a more detailed description of each category. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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School administration
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Figure 2-1 

 

 

1. Category # 1: Past Teachers 

Eighteen of the 20 respondents44 discussed some past experience with their teachers from 

when they were students.  Teachers from grade school to college were discussed.  Fifteen 

respondents spoke positively of these teachers, while seven discussed them more 

negatively (some discussed both).  Those who did mention past teachers and classes did 

so for a number of reasons.  Many simply offered statements like “I’ve had some great 

science teachers” or “I really loved my freshman biology teacher.”  Others were more 

specific, pointing to teachers who stood out due to their passion and enthusiasm, thus 

increasing the respondent’s own excitement and interest in science.  One respondent 

described both her high school biology and chemistry teachers as “phenomenal,” 

                                                 
44 Throughout this discussion, those teachers who were interviewed will be referred to as “respondents” in 
order to avoid confusion with their teachers from when respondents, themselves, were students.  
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emphasizing that they “made science come alive” and infused her with a great passion for 

science.  Another pointed to her sixth grade teacher who “was way beyond her time,” 

since she had the kids “do actual hands-on experiments.”  Another had a “fabulous” 

physics teacher who engaged his students by having “so much energy” and was “like a 

mad scientist,” blowing up pumpkins on Halloween and “always doing something new.”  

One respondent’s seventh grade science teacher was “like Mr. Wizard” always with a 

new science experiment available.  Another recalled how “it was interesting” when her 

high school chemistry teacher “walked across broken glass on a floor.” 

 

Of teachers who were described negatively, the typical description was that they were 

“boring,” although one respondent went so far as to describe her sixth grade science 

teacher as “so mean that she made me afraid of science.”  Another described a high 

school chemistry teacher who “just kept putting up these crusty old yellowed overheads.”  

Others focused not only on the specific teachers, but on the lack of emphasis on science 

in their education, or their boredom with middle and high school science.  

 

Some focused on the specific pedagogical skills of their teachers – typically, these were 

discussed for their “good” teachers.  One described her grade school science teacher, who 

“was very much in control,” “courteous,” and skilled at setting expectations and 

following through on those expectations with class work.  Another described two college 

science instructors’ effective teaching skills: one “could talk about organic molecules and 

make you see them in your head,” and another “was a horse’s ass in person,” but when in 

front of the class, “could communicate beautifully.”  A third respondent described a 

geology professor’s ability to mesmerize a class with stories of his voyages and 

accompanying slideshows.  Yet another described her high school chemistry teacher’s 

ability to structure chemical equations “very analytically,” but discuss them “very 

simply.”  

 

Most of these respondents explicitly stated that these teachers, especially the good ones, 

were important to their development as a teacher.  Typically, good teachers were defined 

by their energy, enthusiasm, and use of hands-on work.  One respondent emphasized the 



 

 

 

27

importance of her sixth grade teacher’s use of “hands-on science” by claiming that, since 

she “learned how to do things” in that class, she believes her students’ learning can be 

enhanced by hands-on work.  This respondent also described her own science teaching as 

“wacky,” listing the hands-on projects in which her students regularly participate.  

Another pointed to her “mad scientist” physics teacher who taught her how important it is 

for science teachers to be enthusiastic and energetic.  She seemed particularly proud of 

the fact that her students think she has a passion for science, although she doesn’t really 

see herself as a “science person.”  Even those with negative experiences with teachers or 

classes were able to point to their benefits, as many felt that their boredom or dislike 

comprised a key component of their knowledge of what not to do in the classroom. 

 

2. Category # 2: Past Non-Teaching Jobs 

Eleven respondents had, at some time or another, worked in a non-teaching field.  Some 

worked in schools in a non-teaching capacity.  One had interrupted her teaching career to 

open her own Montessori school, a task that required that she develop her own curricula 

and think much differently about the students in the classroom.  Others held jobs in 

scientific industries.  One worked for two years as a medical assistant in an ob-gyn 

fertility clinic, while another worked as a medical technologist after college, prior to 

teaching.  Yet another spent significant time working in research laboratories both during 

and after college.  She felt not only that she learned science content from being in a lab, 

but also appreciated the pride that comes with working on scientific phenomena that “no 

one else was working on.”  Two respondents held jobs that either directly conferred, or at 

least enabled, technological knowledge.  One had worked as a computer consultant for 

one and a half years.  Another had been a sales manager in the insurance business, which, 

according to her description, allowed her to hone her interest in computers by automating 

many tasks on a laptop computer.  Others developed managerial skills in the insurance 

industry, worked in clothing retail, a deli, in public policy, in an “office job,” and another 

spent time in the Army. 

 

In this category in particular, it is very difficult to determine whether teachers were 

discussing these experiences because they perceived them as valuable, or simply because 
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they were recounting what they were doing during a certain period in their lives.  The 

respondent who opened a Montessori school clearly felt as though her role as an 

administrator conferred knowledge of curriculum design and its interaction with students 

that she would not otherwise have obtained.  The three with very scientific jobs (medical 

assistant in a fertility clinic, researcher in cell biology labs, and medical technologist) 

believed that their past careers were very helpful in building their knowledge and skills 

for teaching, although not all of them could specify how.  One stated that she emphasizes 

career paths in her classroom, often discussing medical and laboratory careers with her 

students, drawing on her experience in a medical lab.  Another pointed to the incredible 

knowledge she gained about biology (specifically, human fertility) on her job, and her 

knowledge of how the medical system works, including the roles of doctors and 

insurance.  However, many did not discuss their perceived importance of prior work.  For 

instance, the respondent who worked in a deli seemed to be simply recalling a work 

experience (as opposed to an “important” one), and did not describe the experience at all.  

Thus, while it might be that she did not perceive this as “important,” it is impossible to 

know for sure simply from interview data.      

 

3. Category # 3: Observations of “Real-Life” Science  

Nine respondents described how they interpreted everyday experiences with a very 

“scientific eye.”  These types of experiences vary dramatically.  For instance, one pointed 

to the day she and her brother fixed the plumbing in her house, and in doing so, quickly 

learned the basics of water pressure.  Three respondents had family members who spent 

much time in hospitals, which then caused them to learning more about diseases and 

genetic disorders.  Four discussed their childhood curiosities, when they would go 

camping or explore natural phenomena, such as streams, rocks, tadpoles, and dead 

animals. 

 

4. Category # 4: Familial Influences 

Seven teachers spoke of the influence of their non-children family members.  For the 

most part, these family members were important because they were either teachers or 

scientists.  One respondent recalled that her uncle, who was a science teacher when she 
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was growing up, often had her come to his class to observe and help.  Two mentioned 

that their entire families consisted of teachers; one “never considered other jobs.”  

Although having teachers in the family seemed to be important factors in these 

respondents’ decisions to become teachers, there was little from the interviews that 

specified what was learned.  Others mentioned the importance of their family members 

being scientists.  One recalled that having a mother who was a scientist resulted in 

science being a major part of her day-to-day life, including having to “reach around the 

jars of fetal pigs in the refrigerator to get to the milk” and taking family vacations that 

always “seemed to be centered around science.”  Another said that her family is “all 

scientists – doctors or professors,” and discussed how that was responsible for her once 

wanting to be an engineer, but gave little clue as to how that might have affected her 

knowledge or skills relevant to teaching.  Another referred to her father, who is “in 

sonar” for the military, and who helped facilitate her interest in science originally.    

 

5. Category # 5: Watching Television 

Four respondents discussed the importance of watching television.  Two underscored its 

importance from when they were children, one firmly believing that the television show 

“Mr. Wizard” had a profound impact on her, teaching her both science content and “how 

science should be taught.” Another cited public television as a continual learning 

experience that fed her science interest.  The other two felt that “nature shows on PBS” 

are a great source of ideas for the classroom, and can serve as valuable curriculum tools.   

 

6. Category # 6: Reading / Internet Use 

Four respondents cited their reading and use of Internet as important learning 

experiences.  Only two of the four delved into their reading habits with any specificity.  

One pointed to her long-time subscription to National Geographic as helping sustain her 

interest in nature.  The other discussed the importance of her reading material to everyday 

classroom activities, pointing to her use of the New York Times (both written and the 

website) for class projects and for relating classroom work to students’ daily lives.  

 

7. Category # 7: Work with Children 
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Four respondents spoke of the importance of working with their or other children.  These 

include the two who had “prior in-school work” experiences.  In fact, “prior in-school 

work” could reasonably be subsumed within this category; however, the experience of 

actually being in the classroom as a leader might be unique enough to merit a separate 

category.  Thus, these two were separated, and the descriptions in this category are those 

that are distinct from (although quite related to) those described in “prior in-school work” 

experience (which are described in Categories #8-12, below).   

 

One respondent described difficulties her own children had in science classes when they 

were young; one child “just didn’t get stuff,” so the respondent would figure out a way to 

teach her child, often by going to the library or bookstore, finding books or activities 

about a certain topic, and going home and “doing it.”  When the child struggled with 

magnets, or solids and gases, they would do experiments together until her child 

understood.  This respondent did not explicitly state what knowledge she gained by this, 

although she implied that it affirmed her belief that, for children to truly learn science, 

they have to do hands-on work.  Another spoke of her work as a Boy and Girl Scout 

leader and in teaching Sunday School at church.  She had worked on “Scout Badges” 

with young kids before she became a teacher, and it helped her realize that “kids can’t sit 

still for more than five or ten minutes” and that she needs “to break lesson plans up into 

different sports” and get them to relax between activities.  The other two respondents 

were less explicit, but did state their beliefs that parenting was excellent practice for 

going into the classroom. 

 

8. Categories # 8-12 

Due to the small numbers describing these five experiences, they are listed under one 

heading here.  Three respondents felt that their experiences in museums, science centers, 

or similar institutions were valuable.  Two of them spoke only of their visits to museums 

during their childhood.  The other spoke of her visit to a national observatory, and how it 

sparked her interest and gave ideas for curriculum development.  Three teachers cited 

their school administrative experience as being valuable learning experiences.  This 

category is partly subsumed by the above “Non-teaching jobs,” but is included separately 
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because of the unique nature of holding a non-teaching job that is still intimately related 

with the day-to-day workings of a school.  The teacher mentioned above, who opened her 

own Montessori school, felt that meeting administrative requirements, such as planning 

curricula, taught her how to consider the goals of day-to-day lessons and their role in 

longer term strategies.  Another filled the role of organizing efforts across science 

teachers, and indicated its value in allowing her to consider her future teaching practices.  

Yet another had a role not precisely in administration, but in construction of new schools, 

both by actually building physical structures, and aiding in early planning efforts. 

 

Two respondents discussed their experiences as tutors during high school and college.  

One stated that her high school and college tutoring experience was quite valuable in 

helping her understand how to teach difficult concepts.  Two respondents mentioned their 

pre-teaching, “in-school” experiences as volunteer class leaders at their own children’s 

schools.  Both felt that this was an extremely important developmental experience in their 

teaching lives.  One went so far as to set up school-wide recycling efforts, educating 

students about recycling and the environment, and subsequently began a “save the 

whales” effort.  Only one teacher discussed her involvement in community work.  She 

did not list specifics of what she did, nor why it was important.   

 

In sum, four of these 12 experiences were perceived as resulting in increased teacher 

science content knowledge: past non-teaching jobs, observations of “real-life” science, 

familial influences, and watching television.  Five contributed to an increased interest in 

science: experiences with past teachers, observations of “real-life” science, familial 

influences, watching television, and reading / Internet use.  Finally, all but two of the 12 

experiences were believed to have conferred pedagogical knowledge and skills.  Only 

observations of “real-life” science and familial influences were not associated with 

pedagogical learning. 

   

D. The “Time Dimension” and Potential Impacts 

Another way to group these myriad experiences is by commonalities across their “time 

dimension.”  If the time of an experience in one’s life is important to the individual’s 
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development, then it certainly might be worth exploring here.  There are a number of 

possibilities as to why time might be an important consideration.  Perhaps the more 

recent the experience, the more impact it has on one’s current teaching.  Or, perhaps 

experiences that occur early in one’s childhood cognitive development are likely to “take 

root” more strongly.  Fortunately, the interviews themselves were based on a 

chronological framework, and thus, the time dimension is quite readily observable.  Of 

course, there are no definitive conclusions that can be drawn from 20 interviews.  

However, such analysis can aid in both survey development and in generating hypotheses 

about the impact of the experiences explored here. 

 

One notable observation from the interview data is that early-life experiences, such as 

before high school, might result in increased interest in science.  Especially for non-

school based experiences, increased interest seems to be the primary outcome.   For 

instance, multiple teachers described observing natural phenomena during their 

childhood, and these observations being their first memory of being interested in science.  

(This doesn’t necessarily indicate that these experiences caused the interest in science.  

Rather, they could simply have been evidence of an already-existing interest.)  Similarly, 

early life experiences such as familial influences, watching TV, and visiting museums 

also seemed to result in increased scientific interest.  The impact of in-school experiences 

(such as past teachers), on the other hand, seemed to result in both increased science 

interest and, in a few cases, acquisition of pedagogical skills.  In particular, while many 

teachers spoke of a past teacher instilling a love of science, a handful of others also 

described their desire to treat and teach students like they were treated and taught. 

 

For those who were never interested in science as a child, many acquired this interest 

through any number of activities as an adult.  For some, high school or college teachers 

instilled it; for others, helping their own children with schoolwork aroused their interest.  

And, a few teachers never became very interested in science at any point in their lives.  

However, others were able to point to adult-life experiences that went beyond mere 

“interest acquisition.”  These experiences seemed to affect both science content and 

pedagogical knowledge.  For instance, a few teachers’ past jobs were very scientific in 
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nature, and, they felt, were important bases for their science knowledge they employ in 

the classroom.  Other experiences (especially working with children, past non-teaching 

jobs, and working in a non-teaching capacity in schools) were perceived to lead to 

important learning regarding how to present science lessons. 

 

Though there are only 20 interviews, these observations provide valuable guidance to 

exploring the nature and effects of informal learning.  Specifically, they help determine 

which experiences are appropriate candidates for further exploration through literature 

review and survey development.  

 

E. Excluded Experiences 

Two categories of experiences that were mentioned by teachers and that fit this 

dissertation’s definition of informal learning were not discussed above, but should be 

noted: teaching experience and learning from other teachers.  At some point in the 

interview, a variation of the question “how did you learn how to teach?” was asked.  

Many immediately cited “experience” as the primary mechanism.  This answer, while 

interesting (and relatively anticipated), was not considered for survey development, as 

this research is meant to explore non-teaching based learning experiences.  Similarly, 

interactions with other teachers are not considered.  Some respondents pointed out that 

they regularly contact other teachers (both within and external to their school) to trade 

tips and discuss both pedagogy and teaching strategies more generally.  Although 

potentially very important, these kinds of interactions with and learning from colleagues 

seems to fall squarely within the ambit of professional community, which has been 

studied in-depth in many other works.45  Professional community is not precisely 

synonymous with learning from colleagues – organizational effects, a sense of collective 

responsibility, and other components affecting and affected by teachers’ professionalism 

comprise professional community.46  However, learning from one’s colleagues is an 

                                                 
45 Youngs, P. and B. M. Kings (2000). Professional Development That Addresses Professional Community 
in Urban Elementary Schools. Annual Meeting of American Education Research Association, New 
Orleans. 
46 Seashore Louis, K. and H. M. Marks (1998). "Does Professional Community Affect the Classroom?  
Teacher's Work and Student Experiences in Restructuring Schools." American Journal of Education 106: 
532-575. 
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important component of professional community, and, since it has been well explored by 

other research, will not be considered here.   

 

Respondents also cited learning experiences in the form of “formal teacher training.”  For 

instance, many felt that their student teaching was important and that certain education 

courses proved valuable.  Since they are not candidates for informal learning experiences, 

they are not included here. 

 

III. Important Issues Regarding Interview Responses 

 

There are four important issues to keep in mind when considering the results of these 

interviews.  The first is that teachers may not always have related “important” 

experiences, rather simply experiences that they could remember.  The above-described 

categories represent those experiences that teachers related as being somehow important 

to their development or practices as a science teacher.  However, assessment of 

importance is very difficult.  Although the interview question asked for important 

experiences, it appeared that teachers often were attempting simply to recall any event(s) 

from a particular time in their lives.  For instance, some appeared to struggle to recall a 

“science event” from their childhood, and then offered a memory that, even if very 

specific, did not always appear to be important to them.  This issue is especially 

challenging since part of survey development involves prioritizing those experiences that 

are likely to play important roles in their professional lives.  

  

The second issue regards the level of specificity of the experiences that were related.  

Often, experiences were related with a high degree of specificity, with a description of a 

set of circumstances and characteristics that make a given experience unique.  However, 

while this specificity does help identify informal learning experiences, it simultaneously 

illustrates some of the difficulties in creating a survey about them.  On one hand, 

specificity is very helpful to survey design.  The more specific the experience included in 

a survey, the more likely it is that survey respondents will be able to uniformly 

understand and reliably answer the question.  Certainly, a survey respondent could not 
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accurately answer whether she has engaged in a given “learning experience” if the 

description of the experience itself is ambiguous.  However, specificity is problematic in 

that it makes each teacher’s experiences very different from the others’.  It is hard to 

imagine that a valuable survey instrument would simply list all potentially important 

experiences.  For instance, other than the teacher who actually described this experience 

in an interview, how many teachers could answer affirmatively to “Has your daughter 

ever had asthma, and if so, has that caused you to learn more about indoor plants’ oxygen 

producing capabilities?”  Clearly, experiences like this either are not appropriate for 

inclusion on the survey, or need to be considered as part of one of the aforementioned 

categories (which are likely to apply to more than just one teacher). 

 

Third, an important difference among experiences is whether they are prolonged or single 

events.  Even when discussing something as seemingly straightforward as past science 

teachers, teachers’ descriptions varied in this respect.  These differences may play vital 

roles in the importance of the experience, although data here does not help explain how 

or why.  Perhaps shorter duration experiences are likely to be less important.  For 

instance, is it reasonable to expect that a teacher’s one-time volunteer experience of 

leading a nature walk at a local community center would be as valuable as that of a 

teacher who spent an entire year leading weekly walks?  When discussing past science 

teachers, some addressed the impacts over an entire year, while others limited their 

discussions to single experiences (such as a teacher walking over broken glass).  But does 

this mean that the single event was less meaningful?  Was the single event simply one 

instance of a teacher who had an impact throughout the entire year?  It is difficult to even 

guess at the answers to these and similar questions.     

 

Finally, some teachers described experiences that bear significant resemblances to 

teaching experience.  Two described volunteering in their children’s classrooms, while 

others described being tutors or teaching assistants.  These experiences raise interesting 

issues.  In one sense, they may simply mimic that which is learned by classroom 

experience, which is not being considered in this research.  If tutoring a group of students 

while in college is similar to a first year of teaching, then inclusion of tutoring might not 
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be an appropriate experience to include on the survey.  However, it is possible that such 

experiences result in learning that is different than learning via teaching experience.  

Differences in vantage points, preparation requirements, or numerous others could make 

for different learning experiences.  Since this work is very preliminary in its nature, these 

experiences were not ruled out for consideration for inclusion on the survey. 

 

IV. Conclusions 

 

There are few conclusions about the nature and impact of informal learning that can be 

drawn from 20 interviews.  Therefore, the next chapter will use data as a guide to 

exploring literature on learning in order to help in further distilling important dimensions 

of experiences.  However, these interviews accomplish some important tasks.  First, they 

suggest that teachers do, indeed, engage in informal learning.  Further, they help identify 

some specific experiences.  Here, past teachers and prior non-teaching jobs seem to be 

potentially important experiences in teachers’ lives, as almost every teacher explicitly 

discussed an experience in one of these two categories.  Finally, many teachers were able 

to describe ways by which these experiences have affected their teaching.  These results 

therefore do indicate that informal learning does merit further exploration and that past 

teachers and past jobs in particular should be more fully explored in this dissertation.  
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Chapter 3.  Developing a Survey of Informal Learning Experiences 
 

I. Introduction 

 

This primary purpose of this chapter is to aid in survey development.  It relies largely on 

interview data to help identify adult learning experiences that merit greater exploration.  

This literature, in turn, helps identify potential teacher learning outcomes that are probed 

on the survey.  A second purpose of this chapter is to continue to generate hypotheses 

about teachers’ informal learning by adapting strains of adult learning literature to the 

teacher-learning context.  The following sections explain how and why the informal 

learning experiences that are probed on the survey were selected. 

 

II. Choosing Informal Learning Experiences to Study 

 

Choosing specific experiences for greater exploration can be difficult, as there are 

potentially many different sources of important teacher learning.  Here, four criteria were 

used to determine whether the experience was appropriate for survey inclusion: its 

“location” or “context” should be highly specified, it should be likely to cause teachers to 

have engaged in learning, the learning outcome should be somehow related to the 

teacher’s professional life, and the teacher should be at least somewhat likely to have 

participated in the experience.  There is little literature, however, that addresses these 

particular facets of learning experiences.  This is not surprising – since a systematic study 

of teachers’ informal learning experiences has yet to be done, it follows that these criteria 

have not been specifically addressed.  The rationale for each of these is explained more 

fully, below.    

 

A. Criterion #1: Specificity of Experiences   

It is important to ensure that the experiences on the survey are clearly specified.  Open-

ended questions about informal learning, such as those in the interviews, are certainly of 

some benefit.  However, allowing each survey respondent to describe their own 

experiences would likely result in great difficulty in comparing and analyzing results.  
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For instance, Romero, an adult development researcher, emphasizes that professional and 

personal development experiences are highly influential on an individual’s “values and 

moral or ethical beliefs.”47  The survey could use Romero’s work and ask very general 

questions such as “Describe where and how you have learned your values and ethical 

beliefs.”  However, the lack of an actual specified experience or context would likely 

make it difficult both for respondents to answer and for responses to be analyzed.  The 

more appropriate tactic might be to emulate Smylie’s work (described in Chapter 1), 

where he asks teachers about their learning through specific experiences, such as 

“personal study” and “research.”48  Though the actual nature of these two experiences 

still might vary widely across individuals, this specification is likely to make asking 

questions and analyzing results much simpler and more meaningful. 

 

Unfortunately, most literature does not describe specific experiences that cause learning 

to occur.  An extensive review of research on both informal and teacher learning49 shows 

that much learning literature focuses on the status of the individual doing the learning 

(such as the field of “adult learning”), the cognitive processes involved (for instance, 

“reflective learning”), the content learned, and others.  In focusing on these aspects of the 

learning process, this research often does not identify the actual experience in which the 

learning takes place. For this reason, interview data are used to help select specific 

experiences that merit exploration in the literature (and on the survey).   

 

B. Criteria #2 and #3: Likelihood of Impact / Relation to Teaching Skills and Knowledge 

Perhaps the most important, but difficult to establish, criterion is that the experience is 

likely to cause acquisition of new knowledge and skills that are relevant to teachers.  

Without this, these learning experiences would be of little interest to the policy and 

education community.  It is incumbent upon this research to explore those informal 

                                                 
47 Romero, F. (1990). Aspects of Adult Development. Applying Adult Development Strategies. M. H. 
Rossman and M. E. Rossman. San Francisco, Jossey-Bass. 45: 3-11. 
48 Smylie, M. A. (1989). "Teachers' Views of the Effectiveness of Sources of Learning to Teach." The 
Elementary School Journal 89(5): 543-557. 
49 The review was done via academic database searches (including Educational Resources Information 
Center), Internet searches, and reference to numerous syllabi of graduate courses on teacher learning. 
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learning experiences that are likely to affect teachers’ actual knowledge and practices and 

thus, that are most relevant to teachers’ professional lives.   

 

However, using literature to identify “important” experiences is also quite difficult.  

When the given research does not define a specific learning experience, there is no way 

to evaluate the learning that might result.  Further, even when specific experiences are 

described, “importance” is an elusive concept.  When the literature does identify specific 

experiences, there is often little discussion of its impact, especially in regards to teachers.  

For instance, research on learning via community work addresses learning processes and 

outcomes, but for individuals generally (not teachers).  This does not mean that such 

learning does not have unique benefits for teachers.  It does, however, mean that the 

reader of these works is left to hypothesize which learning outcomes might be 

particularly teacher-relevant.  Thus, attempting to select important teacher experiences 

from the literature can require other sources of information.   

 

One such source is research and theory on the nature of teacher-specific knowledge and 

skills and the process of their acquisition.  As will be seen throughout the following 

sections, such research offers theories and insights that can be used to help explain how 

and why the five informal learning experiences chosen for the survey might be 

particularly relevant to teachers.  These works also enable a greater parsing of the 

potential effects of this learning, such as on “teacher knowledge areas” like content and 

pedagogy.  This, in turn, can allow for more specific hypothesized links between the 

experiences and outcomes and thus, more illustrative analysis. 

 

C. Criterion #4: Likelihood of Participation  

The final criterion is that teachers should be at least somewhat likely to have participated 

in the experience.  This is simply a threshold issue to ensure that the survey is as 

illustrative as possible.  It does not mean that all or almost all teachers need to have 

engaged in the given experience; in fact, exploring experiences with wide variation of 

participation can facilitate analyses of the learning that occurs in different scenarios.  

However, it would be counterproductive to develop a survey which focuses on 
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experiences in which most of the population has not participated, and thus, cannot 

evaluate.  Herein lie two difficulties with using a small population of teachers for the 

survey – if the majority of them have not participated in a given experience, it is difficult 

to know whether that lack of participation is reflective of teachers more generally.  

Similarly, if participation in the given experience is low, it might become very difficult to 

understand its potential impact. 

 

III. The Informal Learning Experiences 

 

Five specific informal learning experience areas were selected for inclusion on the 

survey.  They are: 

1. Learning through non-teaching jobs; 

2. Emulating one’s past teachers (including consciously not doing what past 

teachers have done); 

3. Learning in museums, science centers, and similar institutions; 

4. Learning through community or volunteer work; and  

5. Learning through reading, Internet use, and TV. 

Each of these is explained in the sections that follow.  Three facets of each experience are 

addressed: their justification for inclusion, characteristics of participation in each that are 

likely to cause learning, and likely effects on teachers. 

 

A. Past Jobs 

The learning that occurs during (non-teaching) past jobs was included on the survey 

primarily because of the interview data.  Eleven of the 20 teachers interviewed pointed to 

their past jobs as sources of important learning.  The literature on learning in the 

workplace, however, is not explicit about the importance of past jobs for teachers.  

Learning-on-the-job research typically describes learning that can enhance one’s skills 

for the same job in which the learning occurs.  For instance, there is work on how certain 

professionals, such as doctors, acquire new, doctor-relevant, skills at the workplace.50  

                                                 
50 For one example, see Geertsma, R. H., J. Parker, Ralph C., et al. (1982). "How Physicians View the 
Process of Change in Their Practice Behavior." Journal of Medical Education 57., which describes the 
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However, there appears to be little, if any, work on how learning in one job might affect 

knowledge and skills that are relevant to another.  There is significant work on how 

learning at the workplace can enhance a teacher’s knowledge, but it limits its definition 

of the “workplace” to the teacher’s current school environment, a context that is outside 

the domain of this research. 

 

Interview data, on the other hand, provide more insight.  Teachers believe that certain 

types of jobs (and skills used on those jobs) cause teaching-relevant learning.  Some of 

these jobs are science-specific, thus appearing directly related to important learning for 

science teachers.  For instance, teachers who held jobs that required science-specific 

knowledge and skills (such as scientific content, proper laboratory procedure, and the role 

of scientific investigations in generating new knowledge) felt as though these jobs caused 

them to learn a great deal about those topics.  These teachers indicated that their everyday 

use of these skills and knowledge allowed them to both practice what they knew and 

actively learn more.  Generally, science-specific jobs primarily conferred science content 

knowledge.  Some jobs involved technology use and were believe to cause technology 

learning.  Others were not specific to science; in those, teachers spoke of pedagogical 

learning, such as how to be highly organized and employ effective interpersonal skills.51   

 

Both content and pedagogical knowledge are important components of teacher learning 

and can influence a teachers’ effectiveness.52  Therefore, the survey probes the extent of 

participation in two types of jobs – science-specific and non-science-specific – and the 

acquisition of two types of knowledge – content and pedagogy.  Questions about whether 

the jobs were science-specific are included to better understand whether these are the 

only types of jobs in which science content is learned.  The teacher learning outcomes 

                                                                                                                                               
process by which doctors’ “communication with colleagues” and “reading professional journals” can 
influence their practices.   
 
51 Throughout this research, science content, laboratory skills, and technological knowledge will be referred 
to as “science-specific.”  Though technological knowledge is not necessarily limited to the science teaching 
context, it is an important component of the curriculum from which this sample of teachers has taught.  It is 
considered “science-specific” in part to distinguish it from the much more general pedagogical skills and 
knowledge that are also considered.   
52 Shulman, L. S. (1986). "Those Who Understand: Knowledge Growth in Teaching." Educational 
Researcher 15(2): 4-14. 
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that are probed on the survey are those that were described by teachers who discussed 

past jobs in their interview.  These include learning science content, science lab skills, 

how to use technology, how to manage others, how to speak in public, how to be better 

organized, and how to explain concepts to others.  

 

B. Emulation of Past Teachers 

Both interview data and teacher learning literature suggest that teachers engage in 

important learning from their past teachers.  Both also suggest that teachers often 

emulate, or model certain teaching practices on, previous teachers. In the interviews, 

most teachers discussed their tendency to emulate certain pedagogical skills of those past 

teachers, such as how to foster relationships with students, how to present interesting 

lessons, how to communicate difficult ideas, and others.  The literature on emulating past 

teachers also focuses on pedagogical tools.  As was discussed in Chapter 1, sociologist 

Dan Lortie developed much of the groundwork for the systematic analysis of the impact 

of past teachers via his theory of apprenticeship of observation.53  This theory maintains 

that, at least to some degree, teachers imitate their past teachers, even if they are told or 

shown that there might be better teaching techniques available.   

 

Other researchers have alluded to the apprenticeship of observation, but there appear to 

be few works that empirically test it.  For instance, it is relatively common to find 

research on teacher education and preparation in which the author merely asserts that 

teachers’ actions often mimic past teachers.54  Some works that add to Lortie’s theory 

indicate the possible influence of past teachers on an individual’s beliefs.55  Knowles, 

through five case studies, identifies a teacher’s past teachers as an important component 

of a personal “biography.”56  He also claims that these biographies can be significant 

determinants of what teachers do in the classroom.  For instance, he describes some 

teachers who rely on positive experiences with past teachers and their resultant belief in 

                                                 
53 Lortie, D. C. (1975). Schoolteacher. Chicago, University of Chicago Press. 
54 McGuire, M. E. (1996). "Teacher Education: Some Current Challenges." Social Education 60(2): 89-94. 
55 Mahlios, M. and M. Maxson (1995). "Capturing Preservice Teachers' Beliefs About Schooling, Life, and 
Childhood." Journal of Teacher Education 46(3): 192-199. 
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the importance of treating students with respect.  Influencing teachers’ beliefs may not be 

as direct a mechanism of influence over acquisition of knowledge and skills as that 

proposed by Lortie.  However, some do maintain that teachers’ beliefs can directly affect 

their teaching practices.57  As stated in a review of research on early-stage teacher beliefs, 

“unexplored entering beliefs may be responsible for the perpetuation of ineffectual 

teaching practices.”58   

 

If emulation does occur, it could have a profound effect on PD effectiveness (via the 

mechanisms described in Chapter 1).  Various education and learning theorists have 

recognized this, causing some to argue that formal teacher training cannot overcome 

early life experiences.59  Stephens (some of whose work pre-dates Lortie’s, though it did 

not focus quite as directly on teachers) maintains that formal learning is typically not able 

to counteract the nature of individuals to do what they think is “right,” which is often 

dictated by past experiences.60 

 

It is difficult, however, to probe either “participation” in or the effect of emulation.  This 

informal learning area is unique in that it has already occurred and cannot be an area for 

future participation.  For the other learning experiences in this dissertation, it may prove 

valuable to know about the nature of the learning that occurs to possibly encourage 

participation in the particular experience.61  Obviously, though, this can’t be done in the 

context of learning from past teachers.  Trying to place future teachers in classrooms with 

“emulatable” teachers (even if such a concept could be defined) would likely be 

                                                                                                                                               
56 Knowles, J. G. (1992). Models for Understanding Pre-Service and Beginning Teachers' Biographies: 
Illustrations from Case Studies. Studying Teachers' Lives. I. F. Goodson. New York, NY, Teachers College 
Press. 
57 Grossman, P. L. (1991). "Overcoming the Apprenticeship of Observation in Teacher Education 
Coursework." Teaching and Teacher Education 7(4): 345-357. 
58 Pajares, M. F. (1992). "Teachers' Beliefs and Educational Research: Cleaning Up a Messy Construct." 
Review of Educational Research 62(3): 307-332. 
59 Feiman-Nemser, S. (1983). Learning to Teach. Handbook of Teaching and Policy. L. S. Shulman and G. 
Sykes. New York, Longman: 150-170. 
60 Stephens, J. (1969). Research in the preparation of teachers: Background factors that must be considered. 
Psychology in teacher preparation. J. Herbert and D. P. Ausubel. Toronto, The Ontario Institute for Studies 
in Education Monograph Series. 5. 
61 This dissertation focuses only on understanding the nature of the knowledge for better PD and research 
purposes.  It does not purport to be able to make proscriptive suggestions about whether teachers should or 
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misguided.  Here, the key task is to understand what practices are actually emulated.  

Without this, it might be possible to know something about the extent of teacher 

emulation, but the actual nature of those emulated skills (and their impact in the 

classroom) may remain obscured. 

 

Therefore, the survey probes the extent to which emulation occurs in various pedagogical 

areas.  These areas were derived primarily from teacher interviews, though they were 

supplemented with common-sense notions about what might constitute important 

pedagogical components of a teacher’s knowledge base.  It then explores the nature of 

their past science instruction by probing the extent to which it was “inquiry-like” versus 

“non-inquiry-like.”  As has been described, this population of teachers was selected 

because each teacher taught from an inquiry-based science curriculum.  Thus, 

understanding the extent to which their past instruction emphasized principles of inquiry 

science can allow for a better understanding of the nature of their emulation.  For 

instance, if a given teacher highly emulates past science teachers and also had an 

intensive inquiry science background, then it might follow that she is more likely to know 

and use pedagogical tools that are consistent with inquiry science.  If, on the other hand, a 

high-emulation teacher had no inquiry-like science instruction, then she might engage in 

pedagogical practices that are not consistent with inquiry science.   

 

Structuring the survey questions in this way also enables a first-cut understanding of the 

“opposite” of the apprenticeship of observation, or reactions to negative teacher role 

models.  This could be apparent if there is an absence of emulation when certain past 

instruction characteristics were present.  There appears to be no literature that directly 

addresses this, though a few teachers in the interviews did claim that their teaching 

practices were consciously the “opposite” of their perceived “bad” teachers.  Even though 

probing inquiry and non-inquiry levels of past instruction is not the same as probing 

“good” and “bad” teachers, those who described “bad” science teachers in the interviews 

did describe those teachers’ practices as being very similar to those that are typically 

                                                                                                                                               
should not participate in the given learning experience.  However, it is not unreasonable to imagine that 
further exploration can eventually lead to such suggestions.   
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considered non-inquiry-like (including lack of communication and interaction with other 

students, frequent in-class reading from a textbook, frequent lecturing, and others).  This 

survey can probe this general phenomenon by examining the more specific issue of 

whether the presence of non-inquiry instruction is meaningfully correlated with the extent 

of emulation of past teachers.    

 

This exploration of past exposure to inquiry science possibly simplifies a very complex 

issue.  It is difficult to measure the levels of inquiry and non-inquiry science via a survey.  

This survey does this by asking about the presence of various inquiry and non-inquiry 

tasks in the teachers’ past instruction.  However, what about the teacher who had high 

exposure to both inquiry and non-inquiry science?  It would be impossible to know 

whether they emulate inquiry teachers, non-inquiry teachers, or some combination.  

Another problem is that it can be difficult to generate questions that accurately measure 

the levels of inquiry and non-inquiry science.  The questions used in this survey are 

largely based on others’ research on the relationship between teachers’ PD and their 

teaching practices.62 

 

Despite the above difficulties, this section of the survey will shed light on three important 

issues: whether emulation occurs, if so, how teachers believe it influences their 

classroom, and the nature of the emulated practices.  Together, these can help address not 

just whether these teachers have undergone Lortie’s “apprenticeship of observation,” but 

also how it might affect their everyday classroom procedures. 

 

C. Visits to Science Museums, Science Centers, Etc. 63 

This area is included on the survey largely because of the extent to which the literature 

indicated its potential importance.  Only four of twenty teachers mentioned learning at 

museums in their interviews; all but one referred only to trips made as a child.  However, 

                                                 
62 Most notably, the questions here were based on the work in Smylie, M. A., E. Allensworth, et al. (2001). 
Teacher Professional Development in Chicago: Supporting Effective Practice. Chicago, Consortium on 
Chicago School Research. 
63 The term “museum” is used throughout this section to refer to these and similar venues, such as zoos, 
aquariums, observatories, and others that fall into the category of “exhibit-based” presentations or 
demonstrations.  
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a significant amount of literature discusses the importance of museum learning, 

especially in the physical sciences.  There is some relevant work on teacher-specific 

museum learning in the form of PD.64  For instance, one study focuses on the activities in 

which teachers engage while at museums.  Neathery describes 20 teachers’ reactions to 

four museum-based PD experiences.65  Overall, the teachers felt that use of educational 

guides (people available to explain the exhibit content) was an important part of learning 

in museums.  As well, the teachers believed that having firsthand experiences enhanced 

the connection between science content and real life and that having “free choice and 

participatory design,” enhanced interest in the exhibits.  Though other works also focus 

on museum-based PD, Neathery’s is discussed here because it describes a component of 

learning that is likely to exist in non-PD museum experiences, which is the express focus 

of this dissertation.   

 

There is some research on teacher learning generally (not limited to museums) that may 

be relevant to the museum context.  For instance, in an article on teacher cognition, 

Putnam and Borko assert that teachers’ learning experiences in non-classroom settings 

might cause them to think in new ways.66  Although they don’t explicitly discuss 

museums, certainly museums represent possible non-classroom settings where such 

learning can occur.  Other works emphasize the need for effective teachers to know of 

multiple representations of the subject matter they teach.  For instance, Lee Shulman, in 

his well-known article on pedagogical content knowledge, states that “Since there are no 

single most powerful forms of representation, the teacher must have at hand a veritable 

armamentarium of alternative forms of representation.”67  Others, too, have since echoed 

this claim.68  If true, and if museum exhibits present scientific information in ways that 

                                                 
64 Although this research focuses on non-PD learning, considering museum-based PD is appropriate here, 
since the objective is merely to identify experiences and ways by which learning can occur for teachers.  If 
museum learning that occurs through PD might also occur in non-PD settings, then consideration of those 
PD experiences might prove useful.  
65 Neathery, M. F. (1998). "Informal Learning in Experiential Settings." Journal of Elementary Science 
Education 10(2): 36-49. 
66 Putnam, R. T. and H. Borko (2000). "What Do New Views of Knowledge and Thinking Have to Say 
About Research on Teaching Learning?" Educational Researcher 29(1): 4-15. 
67 Shulman, L. S. (1986). "Those Who Understand: Knowledge Growth in Teaching." Ibid. 15(2): 4-14. 
68 Barnett, J. and D. Hodson (2000). "Pedagogical Context Knowledge: Towards a Fuller Understanding of 
What Good Science Teachers Know." Science Teacher Education 85(4): 426-453. 
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differ from what the teacher already knows or uses in the classroom, then the learning 

from those exhibits might provide teachers with such “alternative forms of 

representation,” and thus might be a source of valuable pedagogical knowledge.   

 

Because of the relative lack of research on teachers’ informal learning within museums, it 

is important to also consider work on non-teachers.  It is easy to find claims touting 

museums as effective learning venues.  One study on informal learning states that 

“[S]cience museums, zoos, and aquariums are places where informal learning can occur 

naturally and logically . . .”69  There are some researchers who voice concerns that 

science museum learning actually might be detrimental to the individual, since many 

experiences are overly contrived and not reflective of a “true” scientific process or 

setting.70  However, most describe museum learning in a positive light.71  It is important, 

though, to find research that moves beyond mere assertion and helps specify the actual 

learning process in museums more fully.  Survey development can benefit from 

identification of characteristics of museum visits that can cause learning and the teacher 

learning outcomes that are likely to result.  As discussed below, there is much research 

about characteristics of museum visits, yet very little about outcomes.   

 

One characteristic of museum visits that may be associated with learning is the amount of 

time spent there.  Borun, et al., recorded conversations of 154 families at museum 

exhibits and subjectively scored the complexity and “richness” of the conversations for 

comprehension.  The authors found statistically significant correlations between the time 

spent at exhibits and the comprehension scores.72  There are some problems with this 

study; namely, no consideration was given to whether the knowledge was learned at the 

exhibit or whether it was already known.  However, this study strengthens the common-

                                                 
69 Bitgood, S., B. Serrell, et al. (1994). The Impact of Informal Education on Visitors to Museums. Informal 
Science Learning: What the Research Says About Television, Science Museum, and Community-Based 
Projects. Dedham, MA, Research Communications Ltd. 
70 Lucas, A. M. (1991). "'Info-tainment' and Informal Sources for Learning Science." International Journal 
of Science Education 13(5): 495-504. 
71 Griffin, J. and D. Symington (1997). "Moving from Task-Oriented to Learning-Oriented Strategies on 
School Excursions to Museums." Science Education 81: 763-779. 
72 Borun, M., M. Chambers, et al. (1996). "Families Are Learning in Science Museums." Curator 39(2): 
123-138. 
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sense notion that the time spent at exhibits might be an important determinant of how 

much learning occurs and an appropriate measure for inclusion on the survey.  Another 

characteristic of museum visits that may enhance learning is the act of interpreting and 

discussing the exhibit with others.73  The evidence supporting this is relatively scant, 

however, as the author of the study relies only on an unpublished thesis that describes 

transcripts of museum-goers who purportedly demonstrate understanding of exhibits 

through explanation and discussion.  A third characteristic of the museum visit is the act 

of reading exhibit labels, though authors of this study point out that time and frequency of 

reading labels can be exceedingly difficult to measure.  Other characteristics involve use 

of orientation aids, pretests, self-guiding devices, and participatory devices.  These all 

have the potential to enhance the learning experience by increasing the number of 

exhibits an individual attends, attracting greater attention, and by simply providing more 

information.74   

 

The survey in this dissertation includes four of the aforementioned characteristics of 

museum visits: time spent at museums, the use of guides or experts, the use of self-

guided learning aids, and whether the teacher explained the exhibit to someone else.  The 

only one that was not selected from the above literature was the use of exhibit labels, due 

to the authors’ claim of measurement difficulties.  One additional characteristic was 

added.  Interview data suggested that very valuable learning occurred in places like 

astronomy observatories, where “real” stars and planets could be viewed in their “real” 

environment, and places where “in-the-field” animal behavior could be observed.  Thus, 

whether the scientific phenomena observed was in its naturally occurring environment 

was added.   

 

There are a number of studies that detail the process of museum learning, though many 

are not very helpful to survey development.  For instance, Bitgood, et al., identify certain 

cognitive processes that comprise museum learning, including observation, imagination, 

                                                 
73 Lucas, A. M. (1991). "'Info-tainment' and Informal Sources for Learning Science." International Journal 
of Science Education 13(5): 495-504. 
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and having authentic experiences.75  Such processes, however, are not specific enough to 

aid in survey development, and as such, are not relevant here. 

 

Three teacher learning outcomes are included on the survey.  The first is learning science 

content.  Though not explicitly described in the literature, it is both a common-sense 

outcome and is implied in some literature.  For instance, Falk and Dierking attempt to 

define the term “learning” within the museum context.76  Throughout their discussion of 

the many factors that can affect each individual’s learning experience (such as one’s 

personal perception, their “processing and memory” functionality, and their “retrieval and 

transfer” mechanism), they rely on the notion that science museum learning, at its most 

basic level, focuses on learning science content.  As well, some of the aforementioned 

work on exhibit label effectiveness presumes that such labels represent science content 

knowledge.  The second outcome is learning how to present science lessons in one’s 

classroom.  If effective teachers really do need alternative forms of representation, then it 

is important to determine if museums can provide such forms, and, in turn, aid in 

presentation of lessons.  The third outcome is learning how to explain concepts to others.  

Though described in the literature as a characteristic of museum visits and not an 

outcome, it can reasonably be considered an important component of teaching 

effectiveness and thus was added to the survey as an outcome. 

  

D. Community / Volunteer Work 

This area is included on the survey primarily because there is much literature indicating 

its potential importance.  This dissertation hypothesizes that volunteer learning might, in 

fact, be specifically relevant to teachers, although there is very little research that 

addresses teacher-specific outcomes.  Putnam and Borko’s study claiming that learning in 

non-classroom settings might enable teachers to think in new ways is one teacher-specific 

                                                                                                                                               
74 For a summary of these works, see Bitgood, S., B. Serrell, et al. (1994). The Impact of Informal 
Education on Visitors to Museums. Informal Science Learning: What the Research Says About Television, 
Science Museum, and Community-Based Projects. Dedham, MA, Research Communications Ltd., p73.  
75 Ibid. 
76 Falk, J. H. and L. D. Dierking (1992). The Museum Experience. Washington, DC, Whalesback Books. 
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study that might be relevant to volunteer learning.77  Other relevant research claims that 

understanding the local community setting, including the cultural backgrounds of the 

students, are critical components of teachers’ knowledge.78  For example, Butt’s work 

(described in Chapter 1) details the learning of a woman who, by teaching students in 

Pakistan, felt she had greater ability to present material to a group of culturally diverse 

students.79  If volunteer learning allows an individual to gain a greater understanding of 

the surrounding community and of the individuals within that community, then it is 

reasonable to imagine that such learning might enhance classroom effectiveness.  

 

Literature that addresses volunteer learning for adults (not teachers) is also quite helpful 

here.80  One way that some examine volunteer learning is by looking at the type of 

organization in which the learner volunteers.81  Adult education researcher Keith Percy 

effectively delineates six types of volunteer organizations: interest, service, advocacy, 

social, community, and vocational.82  His categorization is reasonable for this survey; the 

different types of organizations are relatively clear, and the categories are data-driven, 

having been derived from multiple large-scale data collection efforts about voluntary 

organizations and validated through widely distributed surveys.  Others’ attempts at 

classifying organizations are not as clear.  One review of research on adult education 

generates the “most common functions” of volunteer organizations.83  Another review 

results in a typology of four different “volunteer contexts” which are then associated with 

the “type of learning” that can occur.84  However, the differences among the 

organizations in both studies are ambiguous, thus obscuring the learning that can occur in 

                                                 
77 Putnam, R. T. and H. Borko (2000). "What Do New Views of Knowledge and Thinking Have to Say 
About Research on Teaching Learning?" Educational Researcher 29(1): 4-15. 
78 Loewenberg Ball, D. (1988). "Research on Teacher Learning: Studying How Teachers' Knowledge 
Changes." Action in Teacher Education X(2): 17-23. 
79 Butt, R., D. Raymond, et al. (1992). Collaborative Autobiography and Teachers' Voice. Studying 
Teachers' Lives. I. F. Goodson. New York, NY, Teachers College Press. 
80 Ross-Gordon, J. M. and W. D. Dowling (1995). "Adult Learning in the Context of African-American 
Women's Voluntary Organizations." International Journal of Lifelong Education 14(4): 306-319. 
81 Percy, K. (1988). Learning in Voluntary Organisations. Leicester, England, National Institute of Adult 
Continuing Education. 
82 Ibid. 
83 Charnley, A., M. Osborn, et al. (1981). The Voluntary Field, Review of Existing Research in Adult and 
Continuing Education. Leicester, National Institute of Adult Continuing Education. 
84 Ilsley, P. J. (1989). The Voluntary Sector and Adult Education. Handbook of Adult and Continuing 
Education. S. B. Cunningham and P. M. Cunningham. San Francisco, Jossey-Bass. 
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the volunteer context.  Because Percy’s work is clear and is based on rigorous data-driven 

analysis, his categorization is used in this survey.   

 

Since there is very little work on teacher-specific learning in the volunteer context, it is 

especially important that outcomes for individuals in general are considered for inclusion 

on the survey.  Again, Percy’s work is quite useful to survey development.  His analysis 

of survey responses from over 500 volunteer organizations and numerous follow-up 

interviews with volunteers resulted in identification of 17 specific outcomes.85  Four 

seem particularly relevant to the skill of teaching, while the others are either less related 

to teaching or not really learning outcomes.  The four are: learning to become more 

organized, learning to speak in front of groups of people, learning to explain concepts to 

others, and learning to manage others.  Examples of some of the 17 that are excluded are 

forming new friendships (since it seems to fall outside the ambit of learning) and 

becoming physically fitter (also not really learning).   

 

Many of the outcomes addressed in other literature are not quite as useful for survey 

development, though some do suggest potential application to teachers.  For instance, one 

adult education professor presents anecdotal evidence that volunteer learning might result 

in personal confidence, the ability to make personal relationships, and a variety of social, 

physical and “personal” skills.86  Though these are relatively broad, they may also be 

important components of teaching; for instance, teachers who are confident and who can 

effectively relate to students within their classrooms might be more effective instructors.  

Another study describes the results of 350 surveys of members of volunteer organizations 

in one city.  The author claims that learning through volunteering can 

 
“provide people with the opportunity to empower themselves through the 
social relations of membership, self-directed decision-making, and other 

                                                 
85 Percy, K. (1988). Learning in Voluntary Organisations. Leicester, England, National Institute of Adult 
Continuing Education. 
86 Kerka, S. (1998). Volunteering and Adult Learning.  ERIC Digest No. 202. Columbus, Ohio, ERIC 
Clearinghouse on Adult Career and Vocational Education. 
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management aspects of voluntary organizational life, and formal and informal 
learning based on freely chosen activities, lifestyle interests and values.”87 

 

Unfortunately, there is no real way to assess the adequacy of this claim, as the article only 

presents selected “highlights” of survey results, none of which are relevant to the claim.  

However, some of these outcomes also might be specifically relevant to teaching; for 

instance, those with better management skills might be more effective teachers.  Finally, 

another study hypothesizes that there are five distinct types of learning in the volunteer 

context: task-specific skills, knowledge of the role of volunteers, tolerance of differences, 

knowledge of teamwork and group processes, and knowledge of political processes and 

sacrifice.88  Though not substantiated in this work, knowledge of teamwork and group 

processes could be especially relevant to teachers. 

 

These studies tend to focus on outcomes that, when applied to teachers, represent 

pedagogical skills and knowledge.  Interpersonal skills, how to manage others, and 

knowledge of group processes all are pedagogical in nature.  Since Percy’s four teacher-

relevant outcomes are pedagogical in nature, they are used in the survey.  Three 

additional outcomes are also included: learning about science content, learning about 

laboratory skills, and learning about technology.  Though they are not discussed in the 

literature, there is the possibility that volunteer learning overlaps with past job learning, 

which does suggest the importance of these three outcomes.   

 

E. Reading, Internet Use, and TV 

There is not much literature on learning from reading and other media specifically for 

teachers.  A handful of interviews indicated its potential importance.  Some teachers 

described reading periodicals or using the Internet as important sources of learning.  

Others described watching science-based programming when a child, while others 

addressed nature shows and other PBS programs they have watched as an adult.     

 

                                                 
87 Elsey, B. (1993). "Voluntaryism and Adult Education as Civil Society and the "Third Way" for Personal 
Empowerment and Social Change." International Journal of Lifelong Education 12(1): 3-16. 
88 Ilsley, P. J. (1989). The Voluntary Sector and Adult Education. Handbook of Adult and Continuing 
Education. S. B. Cunningham and P. M. Cunningham. San Francisco, Jossey-Bass. 
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Smylie’s work appears to be the only one focusing directly on teachers.  There, he offers 

strong evidence that reading and individual study might be important teacher learning 

experiences.89  Unfortunately, it does not address the nature of the knowledge that is 

acquired.  However, there are outcomes for non-teachers that could also be directly 

applicable to teachers.  The studies that address these outcomes tend to focus on science-

relevant television viewing.90  Some have shown positive effects of watching science-

based shows on young children; for instance, two studies found that students exposed to 

the show “3-2-1 Contact” learned science content, and demonstrated some level of 

scientific curiosity.91  A study on adolescent learning showed that exposure to a TV 

program on math and science might enhance the viewer’s attitudes about careers in those 

fields.92   For adults, “outcomes-based” research is scarce.  There has been some work 

claiming that exposure to science-oriented television shows can cause content learning 

and attitudinal changes.  For instance, one study claimed that the show “Mr. Wizard” 

could increase individuals’ scores on science content tests.93  Some of these claims, 

however, are dubious in light of a pervasive lack of control groups.   

 

The survey focuses on three activities: reading, Internet use, and watching TV or videos.  

Unfortunately, literature and interview data give few clues regarding the content of what 

is read or watched, or the outcomes that are likely to occur.  Therefore, the survey uses 

teacher learning outcomes from other sections as both the content and outcomes in this 

section.  Science content, pedagogy, and technology all are areas that were defined in 

other survey areas that might be relevant.  A fourth content area / outcome, “other 

education issues” was added for completeness.  All four are probed as activities (how 

often a teacher read or watched a program about them) and as learning outcomes.  

                                                 
89 Smylie, M. A. (1989). "Teachers' Views of the Effectiveness of Sources of Learning to Teach." The 
Elementary School Journal 89(5): 543-557. 
90 Chen, M. (1994). Television and Informal Science Education: Assessing the Past, Present, and Future of 
Research. Informal Science Learning. Dedham, MA, Research Communications, Ltd. 
91 Chen, M. (1983). "Touched by science": An exploratory study of children's learning from the second 
season of 3-2-1 Contact. New York, Children's Television Workshop. and Johnston, J. and R. Luker 
(1983). The "Eriksson study": An exploratory study of viewing two weeks of the second season of 3-2-1 
Contact. New York, Children's Television Workshop. 
92 Research Communications, L. (1992). The impact of using the FUTURES series on junior high school 
students. Dedham, MA. 
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Notably, the survey limits its questions on media use to teachers’ adult lives because of 

the potential difficulty for them to accurately remember their habits when children.   

 
IV. Experiences Not Included on the Survey 

 

There are seven remaining categories of experiences that were mentioned during 

interviews but not included on the survey.  The reasons for their exclusion bear explicit 

mention here.  Although numerous teachers spoke of their observations of “real-life” 

science, it is excluded for two reasons.  First, it might be an experience where learning 

does not actually occur, but rather one that is merely evidence of one’s scientific interest.  

For example, did the teacher whose refrigerator was full of jars of fetal pigs really learn 

anything from their presence?  Or, was this experience merely evidence of familiarity 

with or interest in scientific phenomena?  For this category of experience in particular, it 

certainly seems possible to be the latter, and thus, possibly not truly a learning 

experience.  This is an extremely subtle distinction to draw; at some level all learning 

experiences could be interpreted simply as evidence of interest or familiarity.  The 

deciding issue for survey development should be whether any learning took place.  In this 

case, descriptions of these experiences throughout the interviews make it very unclear 

whether learning occurred.  The second reason for its exclusion is that there is little in the 

literature to indicate the potential for learning through these experiences.  This does not 

mean that learning did not take place.  In fact, it is certainly reasonable to imagine that 

the girl observing fetal pigs could have learned valuable science content in that time.  

However, due both to the ambiguity in the interviews, and to little literature to support 

this learning, this experience was excluded from survey consideration. 

 

As well, all familial relationships (both children and non-children) were excluded.  This 

is mostly due to the difficulty in teasing apart the impact and nature of interpersonal 

relations.  Although learning from past teachers is interpersonal (and is included), 

relationships external to the classroom setting might be difficult to probe.  As well, it 

might be infeasible to design a survey question that adequately addresses all possible 

                                                                                                                                               
93 Research Communications, L. (1987). Research findings for audience evaluation of "How About". 
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relationships (friend, uncle, parent, child, etc.) and captures the ways in which those 

relationships might impact one’s teaching.  Therefore, it was not included on the survey.   

 

School administration experience was not included because acquisition of credentials to 

become an administrator is typically considered part of a teacher’s PD learning, and thus, 

is not within the ambit of study here.  As well, tutoring experience and work in schools in 

a non-teacher capacity were excluded because of the possibility that the impacts of these 

experiences are potentially quite similar to those that result from teaching experience.   

 

V. Next Steps 

 

The five experiences that are included on the survey are meant to comprise a large 

portion of teachers’ potentially important informal learning.  It is unlikely that they 

adequately capture every important experience for any single teacher.  However, each 

represents possible important experiences that might aid in more effective exploration of 

teachers’ informal learning.  The next chapter describes the results of the survey, 

including summaries of the data, analyses of participation and outcomes, and the 

“completeness” of these experiences as a representative group of important informal 

learning experiences.  It also discusses the implications of the results.

                                                                                                                                               
Dedham, MA. 
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Chapter 4.  Survey Results and Analysis 

 

I. Introduction 

 

This chapter summarizes and analyzes the results of the survey and discusses their 

implications.  It first describes the sample of teachers and various important issues 

regarding survey results.  It then describes the results of each of the five specific informal 

learning areas included on the survey: past jobs, emulation of past teachers, museum 

visits, volunteer and community experiences, and reading, Internet use and television.  

The questions in each area can be seen in the survey, which is shown in Appendix B.  As 

described in Chapter 3, they attempt to identify the nature of the experiences, what the 

teacher believed was learned, and how that learning affects their professional lives.  

Analysis of responses in each of these informal learning areas is provided to better 

understand these issues.  After results for the five areas are presented, responses to open-

ended survey questions are described.  These open-ended questions asked teachers to 

describe the nature and importance of informal learning experiences that were not 

necessarily included on the rest of the survey.  Their responses help in identifying other 

informal learning areas and in understanding how fully the five areas represent these 

teachers’ “most important” informal learning.   

 

Thirty-nine of 51 teachers (76.5%) returned a completed survey.  It is not clear whether 

these 39 are systematically similar in a way that might indicate a sample bias.  For 

instance, it is possible that those teachers who completed the survey are more willing to 

be reflective about themselves and their teaching practices, which could somehow be 

reflected in their informal learning experiences.  (Perhaps those who are more reflective 

are more likely to have engaged in a wide range of diverse informal learning.)  On the 

other hand, teachers were paid to return completed surveys, and some expressed their 

interest in completing the survey solely due to the money involved.  This may have 

resulted in disproportionate participation by younger teachers (who are paid less) or by 

teachers who work in impoverished areas (who might want to buy classroom materials), 

either of which might somehow be related to the nature and breadth of their informal 
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learning experiences.  (Perhaps younger teachers are less likely to recognize the 

importance of involvement in non-work experiences, and thus, have not engaged in 

certain informal learning experiences.)  While no available data address these particular 

examples, there is one commonality among this group of teachers that might cause a 

notable bias; all have been exposed to the principles and the language of inquiry 

science.94  The exact nature of the bias (if any) is not clear.  It is plausible that this group 

is more familiar with learning environments that do not involve “traditional” formal 

schooling experiences, such as teachers’ lecturing and students’ reading from texts.  By 

teaching inquiry science, they likely know how to enable learners to facilitate their own 

learning processes.  Thus, these teachers might be more capable of recognizing and 

describing their own non-traditional, or informal, experiences that actually result in 

learning.  If so, then both participation in learning experiences and the learning 

undergone might be higher than in teachers more generally.  The impact of this particular 

potential bias is discussed throughout the analyses of each informal learning area. 

    

Before presenting the survey results, there are three important points of note.  First, the 

relatively small number of teachers considered here likely compromises the usefulness of 

these results for generalization.95  These results are meant to describe only the group of 

teachers completing the survey.  They convey an understanding of this particular group, 

and hopefully aid in gleaning some insights about their informal learning, and thus help 

generate hypotheses about teacher informal learning.  Whether the group characteristics 

and analytic relationships derived also apply to teachers more generally should be 

addressed by follow-up work to this dissertation. 

 

Second, an issue that arises in each informal learning area is whether the resultant 

learning differs from learning through prior teaching experience.  If the learning 

described is not more valuable than learning the same knowledge and skills through 

teaching experience, then one certainly could question the value of exploring informal 

                                                 
94 This potential bias would exist for all LeTUS teachers – not just these 39. 
95 The small sample size actually results in less precision of the estimates of learning participation and 
outcomes.  However, it is also more likely in smaller samples that the sample is not wholly representative 
of the population of interest, thus reducing the generalizability. 
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learning.  However, there are two reasons why this is not a barrier here.  First, the 

potential for PD to be differentially effective makes it vital to consider all learning 

experiences separately.  The previous chapters have explained why, even if there are 

some similarities of learning outcomes between teaching experience and informal 

experiences, there is still quite possibly a difference in how the outcome of each 

experience is manifested in each teacher.  Second, considering informal learning can 

contribute to more effective, accurate research.  The use of informal learning measures in 

research might not be by “taking the place” of formal learning, but by supplementing it.  

For instance, one might imagine an analysis of the impact of formal teacher education on 

student achievement that included teaching experience as an independent variable.  

Within the population of interest might be one teacher with 10 years teaching experience 

and another with five years of non-teaching job experience and five years teaching 

experience.  It could be that to understand the impact of learning from past jobs, the 

analysis would need to control for experience.  In other words, the question of the impact 

of informal learning might not be whether it supplants other learning than might have 

occurred in that time period, but whether it adds valuable knowledge or skills, all other 

things being equal. 

 

Third, it is quite difficult to judge whether any of the informal experiences actually cause 

the learning outcomes.  The analyses herein are not structured to focus on causality.  

However, the survey questions do ask the teacher to specify the learning that resulted 

from the given experiences.  In other words, the teachers’ perceptions of causality are the 

focus here.  Thus, any mention of causation attributed to the informal learning 

experiences should be interpreted as the teachers’ perceptions of causation.     

  

II. Past Non-Teaching Jobs 

 

The primary issues of interest in this section include the extent of participation in past 

jobs, the nature of that participation, and the amount and nature of the learning that 

occurs.  The interview data indicated that past jobs might result in either pedagogical or 

content-based learning.  The survey results confirm this notion and more greatly detail 
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the learning.  Teachers were asked about the amount and nature of their past jobs, as well 

as the learning that occurred.  In particular, the nature of the jobs was explored by asking 

about the amount of time spent in jobs requiring three things: science content knowledge, 

laboratory skills or knowledge, and computer technology skills or knowledge.  (Each is 

herein referred to as a “skill / knowledge.”  A job that requires any of the three of these 

are referred to as “science-specific.”96)  The learning was probed in the form of seven 

different outcomes: science content, laboratory skills or knowledge, computer technology 

skills or knowledge (“science-specific outcomes”), how to become organized, how to 

speak in front of people, how to explain concepts to others, and how to manage others 

(“pedagogical outcomes”).   

 

The following analysis (and those that follow) summarizes the data and engages in 

correlational analyses between participation in activities and the learning that occurs.  

The relational analyses, however, must be read in light of the summary data.  For 

instance, in cases where there is little variation among either the extent of participation in 

the experience or the learning outcome, correlations can be somewhat less meaningful.97  

Thus, as will be seen throughout the following sections, such results must be considered 

carefully, and with an eye towards using the results to generate hypotheses about teacher 

informal learning.   

 

A.  The Nature and Types of Jobs Held 

The following tables show the distributions of responses regarding the number of jobs, 

the time in those jobs, and when the jobs were held.98   

 

                                                 
96 See Chapter 3 for clarification of “science-specific” jobs. 
97 For instance, there are some survey questions with five levels of participation as possible responses.  In 
cases where all teachers selected one of the two highest levels, it is difficult to know whether the 
correlation between participation and some outcome would be similar when including individuals at the 
low end of participation. 
98 Throughout this and the following sections, many of the numerical results are not to be interpreted as 
“raw numbers,” but as scaled responses.  For instance, for the question “How many full or part-time jobs 
have you held,” a response of “2” does not indicate “2 jobs.”  Instead, it is the scaled measure used for the 
response “1-2 jobs.” Similarly, a score of “4” indicates “5 or more jobs.”  The difference between scaled 
and “real” measures is made apparent throughout. 



 

 

 

60

 

Table 4-3. Number of teachers with past 
non-teaching jobs by when the last job was held 
# years ago last job was 

held 
# teachers 

More than 10 13 

5-10 5 

3-5 7 

0-3 9 

 

Figure 4-1, below, shows the number of teachers that have spent time in jobs that require 

science-specific skills / knowledge (by years spent in those jobs). 
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Figure 4-1 

Table 4-1. Number of teachers with 
past non-teaching jobs by number 

of jobs 

 Table 4-2. Number of teachers with 
past non-teaching jobs by number 

of years 

# jobs held # teachers  
# years spent in 

jobs 
# teachers 

0 5  0-1 5 

1-2 13  1-2 6 

3-4 13  3-4 6 

5+ 8  5+ 17 
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Table 4-1 shows that most have held between one and four jobs.  Only five have never 

held non-teaching jobs, while eight have held more than five.  Table 4-2 shows that, for 

those teachers who held at least one non-teaching job, half held it (or them) for at least 

five years.  Table 4-3 shows no discernible trend regarding how long ago the last job was 

held.  Figure 4-1 specifies the nature of the jobs (for those who have held at least one 

such job).  Eleven have held jobs (for any amount of time) involving science content, 

seven involving lab skills, and 16 involving technology.  However, these are not all 

distinct individuals; rather they represent 18 different teachers, with some overlap among 

types of jobs held.  Figure 4-2 is a Venn diagram showing the numbers of the individuals 

who held jobs involving science content (“S” in the diagram), lab skills (“L”), and 

technology (“T”).   
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4

2

5
0

0

7

 

Figure 4-2 

 

As can be seen, all teachers in jobs involving lab skills also held jobs involving science 

content.  It is not clear whether these are the same jobs.  Technology was the only 

category with at least some teachers who did not hold jobs involving at least one of the 

other two skills / knowledge. 

 

B. The Learning from Past Jobs 

Teachers’ perceptions of past job learning are relatively consistent with the above 

descriptions of the nature and distribution of these jobs.  They rated the extent to which 
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these jobs contributed to their acquisition of learning outcomes both overall and in 

relation to specific skills / knowledge.  Table 4-4, below, shows two distinct 

measurements.  The first is the extent to which learning occurred for each learning 

outcome for all teachers.  The second is the extent to which learning occurred for each 

outcome only for those teachers who reported that their job required the skill / knowledge 

related to that outcome.  For instance, the numbers in the left column for “science 

content” indicate the mean and standard deviation of all teachers’ responses99 regarding 

the extent to which they learned science content.  Those in the right column indicate the 

mean and standard deviation of the science content learning only for those who 

responded that their past jobs did involve science content (regardless of how long they 

spent in the job(s)).  In this way, the extent to which the outcomes were learned can be 

determined independently of the frequency of the jobs’ involvement with science 

content.100  Only three rows in the right column are filled in since the only skills / 

knowledge included on the survey were science content, lab skills, and technology. 

                                                 
99 For those who held at least one past non-teaching job. 
100 The mean in the left column is lower than the mean in the right column because not all teachers held 
jobs involving science content knowledge.  (In other words, inclusion in the left column of those who never 
held a job involving science content and thus, didn’t learn science content, lowers the mean). 
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Table 4-4. Teachers’ Perceptions of Learning from Past Jobs 
 

Outcomes 
Mean / std dev for full 

sample  (n=34) 

Mean / std dev for those 
whose job involved same 

skill / knowledge 

Overall Learning 2.71 / 1.19 N/A 

Lab Skills 1.51 / 0.98 2.71 / 1.25  (n=7) 

Science content 1.77 / 1.11 2.91 / 1.04  (n=11) 

Technology 2.11 / 1.23 3.31 / 0.70  (n=16) 

How to explain concepts 2.94 / 1.16 N/A 

How to manage others 3.03 / 1.07 N/A 

How to speak in public 3.06 / 1.11 N/A 

How to be better organized 3.40 / 0.85 N/A 

Scale (amount of learning):

“1” = none; 
“2” = a little; 
“3” = some; 
“4” = a lot. 

 
The extent of learning overall (not in relation to specific outcomes) from past jobs was 

ranked close to “some learning” (2.71).  This is consistent with interview responses 

which indicated the existence of some impact of their past work experience, but not a 

great amount.  As seen in the left column, learning in regards to laboratory skills ranked 

lowest, followed by science content and technology.  Four specific outcomes were rated 

quite high (between “somewhat” and “a lot”), including learning to explain concepts to 

others, how to manage others, how to speak in public, and how to become better 

organized.  However, the numbers in the right column show that, for those whose jobs 

actually involved the science-specific skills / knowledge, the extent of their learning was 

much more similar to that of the pedagogical outcomes.  Learning lab skills and science 

content still rank lowest (2.71 and 2.91 respectively), but are much closer to learning in 

the other categories.  Technology learning jumps to second highest (3.31).   
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These results suggest that, as a whole, teachers engage in more learning about 

pedagogical outcomes – how to be organized, how to speak in public, how to explain 

concepts, and how to manage others – than they do about science content, lab skills, or 

technology.  However, this seems to primarily be due to the fact that teachers’ jobs 

involve the three science-specific skills / knowledge much less frequently and not that 

these outcomes are less “learnable” from past job experiences.  Thus, it may be 

reasonable to hypothesize that a group of teachers who have held past non-teaching jobs 

tend to learn more about those pedagogical tools.  However, for those teachers whose 

past job experiences involved science content, lab skills, or technology, they are likely to 

have engaged in learning in these areas as well. 

 

C. Correlational Analyses 

This section illustrates the extent to which certain learning outcomes might occur relative 

to participation in certain types of jobs.  The above does this to some extent, as it 

considers single learning outcomes for participation in jobs requiring the science-specific 

skills / knowledge (e.g., learning science content for jobs that involve science content).  It 

is also worthwhile to explore all seven learning outcomes based on participation in the 

three types of jobs described above.  One such way would be to correlate the learning 

outcomes with the time spent working in jobs involving each skill / knowledge.  

However, this would result in very high correlations between all learning outcomes and 

jobs in which few teachers have participated.  For instance, since few have held jobs 

involving lab skills (and thus, claim that no learning about lab skills occurs), then the 

magnitude of the correlation between the time spent in jobs requiring lab skills and 

learning lab skills will be largely influenced only by these individuals.  The correlations, 

if high, would merely support the notion that participation in jobs involving the skills / 

knowledge results in learning that skill / knowledge as an outcome.  One way to address 

these issues is to compare the means of the outcomes for individuals who have and have 

not participated in jobs involving the science-specific skills / knowledge.  Table 4-5 

shows these results.  In the table, participation is binary; the extent, or time, of 

participation is not considered.  Each cell in Table 4-5 gives the mean score for the given 



 

 

 

65

learning outcome for those who have participated in a job involving the skill / knowledge 

(in the “yes” column) and for those who have not (the “no” column).  Below the two 

means are their difference and the p-value of that difference (providing a measure of the 

statistical significance).   

 

Table 4-5. Comparison of Teachers’ Perceived Learning Based on 
Participation in Jobs Involving Science-Specific Skills / Knowledge 

 
Did Job Involve 

Science Content? 
Did Job Involve 

Lab Skills? 
Did Job Involve 

Technology? 
 

 

Yes 
(n=11) 

No 
(n=24) 

Yes 
(n=7) 

No 
(n=28) 

Yes 
(n=16) 

No 
(n=19) 

3.55 2.30 3.57 2.48 3.50 2.00 
Overall Difference = 1.25* 

p ≤ 0.003 
1.09* 
.029 

1.50* 
.000 

2.91 1.25 3.00 1.46 2.50 1.16 
Science content 1.66* 

.000 
1.54* 
.000 

1.34* 
.000 

2.36 1.12 2.71 1.21 1.87 1.21 
Lab Skills 1.24* 

.000 
1.50* 
.000 

0.66* 
.044 

2.82 1.79 2.57 2.00 3.31 1.11 
Technology 1.03* 

.020 
0.57 
.279 

2.20* 
.000 

3.55 3.33 3.57 3.36 3.62 3.21 
How to be better 
organized 

0.22 
.500 

0.21 
.557 

0.41 
.152 

2.82 3.17 2.86 3.11 3.25 2.89 
How to speak in 
public 

-0.35 
.397 

-0.25 
.601 

0.36 
.353 

3.27 2.79 3.00 2.93 3.56 2.42 
How to explain 
concepts 

0.48 
.262 

0.07 
.887 

1.14* 
.002 

3.00 3.04 3.00 3.04 3.31 2.79 

L
ea

rn
in

g 
O

ut
co

m
e 

How to manage 
others 

-0.04 
.917 

-0.04 
.938 

0.52 
.153 

Scale (amount of learning):

“1” = none; 
“2” = a little; 
“3” = some; 
“4” = a lot. 

* Differences with p <0.05 are denoted with an asterisk 
 
 
As an example of how to read Table 4-5, the cell in the left column, second row reflects 

science content learning for those teachers who have and have not held jobs involving 

science content knowledge.  Those who have report close to “some learning” (2.91), 
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while those who haven’t report almost “no learning” (1.25).  The difference in means is 

1.66, and is significant at the .000 level.   

 

Table 4-5 indicates that learning science content, lab skills, and technology, as well as 

overall learning, are significantly different for those who have and have not participated 

in jobs involving science content knowledge.  The same holds true for jobs involving lab 

and technology skills and knowledge (with one exception – learning technology is not 

statistically different in jobs involving / not involving lab skills).  Not surprisingly, the 

“diagonals” have, on the whole, the highest differences.  (Non)participation in jobs 

involving science content generates the greatest difference in science content learning.  

The same is true for jobs involving technology and learning technology outcomes.  

(Non)participation in jobs involving lab skills generates the second highest difference in 

lab skills learning (science content learning is slightly higher).  This last result isn’t 

surprising, given that all teachers who had jobs involving lab skills also had jobs 

involving science content.             

  

Only one other cell has a significant difference in means; participation in jobs involving 

technology are associated with significantly more learning about how to explain concepts 

to others than does non-participation.  Data show, indeed, that every person who 

experienced “no learning” about how to explain concepts to others also never held a job 

involving technology.  Every person who experienced “a lot of learning” (the highest 

outcome) about how to explain concepts to others did participate in a job involving 

technology.  It is not clear why this is.  Perhaps the technological facet of the job actually 

involves more explaining concepts (and thus, more learning) than the other skills / 

knowledge.  Or, perhaps it is not the technology itself, but another aspect of the job that, 

for some reason, is present in jobs where technology is also present.  For instance, maybe 

those most likely to learn about how to explain concepts are those who are in positions of 

leadership, which are often accompanied by a need to be organized, which could be 

satisfied by use of a computer.  Certainly, there are possibilities other than those offered 

here.    
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With the above exception, the four pedagogical outcomes on the bottom of Table 4-5 are 

not related to participation in jobs involving science-specific skills / knowledge.  While it 

is possible that certain types of jobs result in this kind of learning more than others, such 

information is not conveyed here. 

 

As the final analytic issue, it is interesting to shed a bit more light on nine particular cells 

in Table 4-5 – the first three columns for the outcomes of science content, lab skills, and 

technology.  In particular, why is technology so more highly learned in jobs involving 

science content than in those that don’t?  Presumably it is because science content jobs 

also highly involve technology (as shown in the previous Venn diagram).  These “off-

diagonals” merit exploration.  Table 4-6 represents these nine cells.  The numbers in each 

cell are the partial Pearson’s correlations (and p-values), controlling for participation in 

jobs involving the other two skills / knowledge.  

 

Table 4-6. Partial Correlations (and p-values) of Teachers’ Perceived Learning 
to Participation in Jobs Involving Each Science-Specific Skill / Knowledge 

 
  Participation in Job 

Involving Science 
Content 

Participation in Job 
Involving Lab Skills 

Participation in Job 
Involving 

Technology 
Science 
Content 

.34*  (.050) .18  (.311) .45* (.008) 

Lab Skills .17  (.342) .35*  (.043) .14  (.431) 

L
ea

rn
in

g 
O

ut
co

m
e 

Technology -.09  (.628) -.01  (.942) .89*  (.000) 

Correlations with p<.05 are denoted with an asterisk. 
    
Participation is binary, meaning that there is little variation over which correlation is 

measured.  However, these results show that all but one “off-diagonal” above is likely 

due to the co-existence of the jobs involving the skills / knowledge reflected in the 

diagonal cells.  For instance, participation in a job involving science content is somewhat 

correlated to learning science content, but much less so to learning lab skills or 

technology.  In Table 4-5, however, it appeared that participation in jobs involving 

science content was associated with significantly more learning than non-participation.  

Table 4-6, however, shows us that those results are mostly negated when controlling for 

participation in jobs involving lab skills and technology.  Notably, participation in jobs 
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involving technology is highly correlated with learning science content, even when 

controlling for jobs involving science content.   

 

These analyses build on the aforementioned results by showing the “conditions” that are 

associated with different amounts and types of learning.  Here they primarily suggest that 

teachers learn significantly more about science content, lab skills, and technology in jobs 

that involve science content, lab skills, and technology, respectively.  Though this seems 

somewhat “definitional,” it is of use to note that these jobs also are related to more 

“overall” learning.  It also appears that teachers might learn the four pedagogical skills 

specified above to a great extent, and relatively independently of the job types explored. 

 

These results indicate potentially important ramifications for both PD design and 

research.  If a teacher has past job experiences that involve science-specific skills / 

knowledge, then PD that focuses on that particular area of knowledge might be less 

effective.  Of course, there is enormous breadth, for instance, in the science content that 

an individual can learn, meaning that this would only be a problem if the content taught 

by the PD mirrors that already known by the teacher.  If a teacher has ever held a past 

job, they might have learned some pedagogical skills.  This could make PD that focuses 

on those skills potentially ineffective for that teacher.101  For PD research, it may be 

important to account for existing knowledge of science content, lab, technology or 

pedagogical skills as teacher-level variables, captured through (at least in part) past job 

learning.  For instance, many PD evaluations try to measure science content knowledge 

by asking whether a teacher’s undergraduate major was in a science-specific field.  

However, if such knowledge is acquired in past jobs, then job participation might help 

account for variation in the evaluation’s outcome.102  Because these teachers have held 

numerous past jobs and believe that these jobs have resulted in a significant amount of 

learning, it certainly makes sense that evaluations of teacher learning programs might 

                                                 
101 PD that allows the given teacher to practice, or gain new insights about, these pedagogical skills might 
actually be valuable.  However, if the goal of the teacher is to select a PD program in which she is likely to 
learn the greatest amount, then a program focusing on pedagogical skills that may already be within her 
repertoire might not satisfy this criterion.  
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benefit from inclusion of these measures.  One important issue that cannot be addressed 

here is whether there are pedagogical skills that teachers do not learn in non-teaching jobs 

(all four pedagogical skills were reportedly learned in significant amounts here).  If there 

were, indeed, such skills that could be identified, then it would be possible to generate 

hypotheses about what PD programs should teach, and not merely what they should not 

teach. 

 
 

III. Emulation of Past Teachers 

 

There are three issues of primary interest in this section.  First, do these teachers emulate 

their past science teachers?  Second, in what ways do they emulate?  Third, are there 

significant relationships between their past science instruction and their emulation?   This 

last question is important in addressing whether emulation is due to exposure to certain 

types of science (when a student) or to the past teachers themselves.  If exposure to 

certain types of science were a determinant of emulation, then it could also influence how 

emulation is manifested in the classroom, and thus, be a vital determinant of the 

important learning outcomes.   

 

A. Whether Teachers Emulate 

Teachers were asked whether they emulate their past science teachers and if so, how 

important a component of their teaching that emulation is.  Figure 4-3 shows their 

responses. 

                                                                                                                                               
102 It may be the case that a teacher’s undergraduate major is very highly correlated with participation in 
science-specific jobs.  The greater this correlation, the less likely that inclusion of job participation in a 
science-specific area is going to account for additional variation in the relevant outcome.    
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Figure 4-3 

 

Here, the responses are grouped at the extremes, meaning that these teachers either don’t 

model their teaching on past teachers, or they do, and it is a relatively important facet of 

their teaching practices.  Nineteen teachers do not consciously emulate their past science 

teachers while twenty do.   

 

B. Areas of Emulation 

For those teachers that do feel as though they emulate103 past science teachers, they seem 

to do so more in certain areas than in others.  Teachers were asked to rate the extent to 

which they emulate their past teachers in various “areas of emulation.” Their mean 

responses for each area are shown in Figure 4-4 below.   

 

                                                 
103 Throughout this section, responses to both overall emulation and to the eight specified areas are referred 
to as “emulation.” 
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Emulation in Specified Areas

ph
ys

ica
l e

nv
iro

nm
en

t

as
se

ss
men

t

us
e o

f te
xts

les
so

n 
se

qu
en

ce

us
e o

f d
em

os

us
e 

of 
ex

pe
rim

en
ts

us
e 

of 
ha

nd
s-o

n

pe
rso

na
l in

ter
ac

tio
ns

A
m

o
u

n
t 

o
f 

E
m

u
la

ti
o

n A lot

A little

None

Some

 
Figure 4-4 

 
 
Data here are consistent with interview data indicating that “personal interactions” are 

quite highly emulated (though not substantially more so than some of the other areas).  

Interview respondents repeatedly discussed the importance of teachers who treated them 

with respect, expressed confidence in them, and other types of personal interactions.  In 

fact, it seems quite possible that the teachers who are most memorable are those that 

excelled in this area.  If such were the case, then it makes sense that current teachers are 

most conscious of this type of emulation.   

 

For the other seven areas, it is possible that teachers are not freely able to emulate past 

teachers, even if they wished to.  For instance, it is possible that teachers have little 

control over the two lowest areas of emulation, especially.  Assessments might be 

dictated by school or district policy, leaving the teacher little choice.  Students’ desks 

might actually be permanently affixed to the floor, thus keeping teachers from greatly 

manipulating the physical environment.  However, available data cannot confirm these. 
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If teachers do have significant control over all eight of these areas, however, it would be 

somewhat surprising that “physical environment” scored so low.  In describing past 

teachers, some interview respondents strongly indicated that the set up of desks, lab 

stations, posters, etc. was an important component of those teacher’s practices.  Some of 

these, however, were descriptors of “bad” teachers’ classrooms, likely meaning that the 

interview respondent would be unlikely to emulate it.  Even so, some were about “good” 

teachers’ classrooms, meaning that one might expect more emulation than just below “a 

little.”   

 

Again, assuming that teachers have control in all areas, then one key result shown in 

Figure 4-4 is that the second, third, and fourth most highly emulated areas all involve 

very tangible tasks that are likely to be readily apparent to students in the classroom.  For 

instance, teachers probably remember doing tasks (when they were students) such as 

hands-on projects, experiments, and seeing classroom demonstrations.  It would thus 

make sense that these are consciously highly emulated.  Two of the lower ranked areas, 

determining the sequence of tasks in a lesson and assessment techniques may not be as 

apparent to the student, and thus, less consciously emulated.  On one hand this seems to 

confirm the notion of the “apprenticeship of observation,” at least to the extent that it 

addresses conscious emulation.  Teachers here might more highly emulate those teaching 

facets that were apparent to them when they were students.  On the other hand, the theory 

of “apprenticeship of observation” indicates that the mechanism of emulation is subtler, 

where emulation occurs at a level that is not necessarily explicitly obvious to the student.  

If interpreted that way, then it is difficult to determine whether the theory is strengthened 

or weakened by data here.   

 

C. Relationship of Emulation to Instructional Background 

The most complex issue to analyze here is whether students whose science education was 

more inquiry-like are more likely to emulate their past science teachers.  The survey asks 

about the extent of the existence of four characteristics of a teacher’s past science 

instruction that are very inquiry-like (working collaboratively with other students, 

engaging in experiments to answer questions, engaging in in-class activities that were 
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student-directed, and planning investigations to solve questions) and three that are very 

non-inquiry like (listening to lectures, working out of textbooks, and working 

individually).  The following first considers the four inquiry characteristics.  The score 

for each inquiry characteristic could range from 1 (the given element of inquiry was not 

at all present in the teacher’s science education) to 4 (it was very common in the teacher’s 

science education).  Here, the average inquiry characteristic score is 2.26, or just above “a 

little.” 

 

There are two ways to use data to examine the relationship between a teacher’s past 

science education and their emulation.  One is by looking at the difference between the 

presence of inquiry characteristics of those who do and don’t emulate past teachers.  

Table 4-7 shows the mean score of each inquiry characteristic for teachers who do 

emulate (regardless of the level of importance) and who don’t emulate.  The difference of 

the means is shown below the two means, along with the p-value of the difference. 

 

Table 4-7. Presence of Inquiry Characteristics of Past Science Instruction 
for Teachers Who Do and Don’t Emulate 

 Mean score for 
teachers who emulate 

(n=20) 

Mean score for teachers 
who don’t emulate 

(n=19) 

2.95 2.32 
Working collaboratively w/ other 
students Difference = 0.63* 

p ≤ 0.037 

2.95 2.26 
Engaging in experiments to answer 
questions 0.69* 

.024 

2.40 1.47 
Engaging in student-directed in-class 
activities 0.93* 

.003 

2.30 1.37 P
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Planning investigations to answer 
questions 0.93* 

.004 

Scale (presence of characteristic):

“1” = not at all; 
“2” = a little; 
“3” = somewhat; 
“4” = a lot. 

Differences with p <0.05 are denoted with an asterisk 
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For instance, teachers who do emulate past teachers reported having had more instruction 

that involved student-directed in-class activities (mean = 2.40) than those who do not 

emulate (mean = 1.47).  This difference is both very large (0.93 on a four-point scale) and 

statistically significant (p  .003).  In fact, the difference in the existence of each inquiry 

characteristic is statistically significant here.  In other words, the extent to which each of 

the four inquiry characteristics were present in a teacher’s background is significantly 

greater for those who do emulate their teachers than for those who do not.  This strongly 

indicates that conscious emulation is related to a teacher’s past instruction, and, more 

specifically, to the presence of these inquiry science characteristics.    

 

A second way to examine this relationship is essentially the “reverse” of Table 4-7.  

Instead of looking at the difference in the presence of the inquiry characteristic for those 

who do and don’t emulate, Table 4-8 examines the importance of emulation (overall and 

in regards to specific areas) for those whose background did and did not involve each 

inquiry characteristic.  It only includes those individuals who do emulate.  Here, an 

inquiry characteristic is considered as part of a teacher’s background if it involved the 

characteristic either “somewhat” or “a lot.”  These means are shown in the “yes” column.  

If her background involved the characteristic either “not at all,” or “a little,” then that 

inquiry characteristic is considered as not part of the background, the means of which are 

shown in the “no” column.104  Under the means are the differences in the means, as well 

as the corresponding p-value of the difference.   

                                                 
104 Often, teachers who indicated that they had no exposure to the four inquiry characteristics also claimed 
not to emulate teachers, and thus, did not respond to the specific emulation areas.  Therefore, in many 
cases, the division in Table 4-7 is between those with “a little” exposure to these inquiry characteristics and 
those with “some” or “a lot” of exposure. 
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Table 4-8. Importance / Extent of Emulation105 in Relation to 
Past Exposure to Inquiry Characteristics 

Did past science instruction involve: 

Working 
collaboratively w/ 
other students? 

Engaging in 
experiments to 

answer questions? 

Engaging in student-
directed in-class 

activities? 

Planning 
investigations to 

answer questions? 

 

Yes 
(n=13) 

No 
(n=7) 

Yes 
(n=12) 

No 
(n=8) 

Yes 
(n=9) 

No 
(n=11) 

Yes 
(n=8) 

No 
(n=12) 

3.69 3.57 3.75 3.50 3.78 3.55 3.75 3.58 
Overall 
emulation Difference = 0.12 

p ≤ 0.612 
0.25 
.274 

0.23 
.303 

0.17 
.471 

2.08 1.57 2.25 1.37 2.44 1.45 2.75 1.33 Physical 
environment 
of classroom 

0.51 
.387 

0.88 
.115 

0.99 
.067 

1.42* 
.006 

3.00 3.29 3.08 3.12 3.22 3.00 3.25 3.00 
Use of 
experiments -0.29 

.411 
-0.04 
.903 

0.22 
.506 

0.25 
.461 

3.31 2.86 3.17 3.12 3.56 2.82 3.50 2.92 
Use of hands-
on projects 0.45 

.247 
0.05 
.914 

0.74* 
.040 

0.58 
.118 

3.23 2.57 3.08 2.87 3.33 2.73 3.62 2.58 Use of 
classroom 
demos 

0.66 
.220 

0.21 
.696 

0.60 
.240 

1.04* 
.038 

2.77 2.43 2.75 2.50 3.11 2.27 3.25 2.25 Use of texts / 
written 
material 

0.34 
.520 

0.25 
.628 

0.84 
.087 

1.00* 
.041 

3.38 3.00 3.58 2.75 3.78 2.82 3.50 3.08 
Personal 
interactions 0.38 

.349 
0.83* 
.027 

0.96* 
.008 

0.42 
.295 

2.84 2.86 2.92 2.75 2.89 2.82 3.25 2.58 Determining 
sequence of 
tasks 

-0.02 
.982 

0.17 
.722 

0.07 
.878 

0.67 
.144 

2.35 2.00 3.00 1.37 3.11 1.73 3.50 1.58 

A
re

a 
of

 E
m

ul
at

io
n 

Use of 
assessment 
techniques 

0.35 
.363 

1.63* 
.001 

1.38* 
.008 

1.92* 
.000 

* Differences with p < 0.05 are denoted with an asterisk.  
 

This table shows that the importance and extent of overall emulation is not significantly 

different based on the presence of inquiry characteristics in these teachers’ 

                                                 
105 For “overall emulation,” importance was measured.  There, 1= no emulation, 2 = emulation and not very 
important, 3 = emulation and somewhat important, and 4 = emulation and very important.  For the seven 
other areas, extent of emulation was measured.  The scale used is the same as shown in Table 4-7. 
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backgrounds.106  However, the extent of emulation in six specified areas is significantly 

different for certain inquiry characteristics.  Only “use of experiments” and “determining 

sequence of tasks” are not significantly different for teachers with differing levels of past 

inquiry exposure.  Of particular note above is that emulation of assessment techniques is 

significantly different for those who have high levels of exposure to three inquiry 

characteristics: experimenting to answer questions, engaging in student-directed 

activities, and planning investigations.  One possible explanation is that teachers who 

have had high levels of these inquiry characteristics also were assessed differently.  

Perhaps their teachers were less likely to give them standard pencil and paper exams, and 

were more likely to consider aspects of the scientific process, such as proper lab 

procedure, knowledge of hypothesis testing, and analytic skills.  If such were the case, 

then they might be more likely to use those same assessment techniques than teachers 

who have not been exposed to these inquiry characteristics.  One strong correlation that 

makes little sense is that teachers who planned investigations to answer questions seem 

more likely to emulate teachers in regards to use of texts and other written materials.  

Perhaps planning investigations requires use of certain text materials, but if not, there are 

few other credible explanations.   

 

All the above differences of means, however, must be considered in light of the small 

sample sizes.  Only twenty teachers emulate at all, and the differences of means are 

compared between sub-groups of those twenty.  As well, there is again the possibility that 

teachers may not have full control over each of the eight areas and thus may not be able 

to fully emulate those.  However, the fact that past exposure to inquiry characteristics 

seems to be related to emulation in six of the eight areas seems to imply that emulation in 

at least six of the areas might actually be within the teacher’s control.     

 

If teachers with high levels of inquiry science backgrounds really are more likely to 

emulate their teachers than those with non-inquiry backgrounds, then the implications are 

                                                 
106 If all respondents are included, then two of the differences for overall emulation become significant.  
However, doing so would require using the entire four-point scale simultaneously when there are, in fact, 
two distinct measures employed (whether one emulates and the importance of emulation).  Such a result 
would be hard to interpret and is not reported here. 
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very important.  First, the results could be interpreted as heartening for those who support 

inquiry curricula, since inquiry characteristics seem more likely to be propagated from 

teacher to student.107  Second, if inquiry teaching practices are really more highly 

emulated than non-inquiry, then it could be very telling about which teachers of inquiry 

science are most in need of inquiry PD.  These results seem to say that those with inquiry 

backgrounds may know significantly more about how to teach inquiry curricula.  If true, 

then any kind of PD evaluation regarding inquiry science almost certainly would benefit 

from inclusion of a variable that measures the extent of inquiry characteristics in the 

teacher’s background.       

 

There are two factors, however, that may limit the implications of these results.  First, 

they could be seen as simply “definitional,” or biased by this sample.  If a teacher is 

asked to engage in an inquiry curriculum (as these teachers have been), then it might 

make sense that in doing so, they are more likely to use techniques used by their own 

inquiry teachers and disregard techniques by their non-inquiry teachers.  Thus, the 

propagation of inquiry could be due simply to the fact that an inquiry science curriculum 

is being taught – not that inquiry ideas are somehow more transferable from teacher to 

student.  There are two appropriate responses.  First, the past research on learning from 

past teachers indicates that, regardless of the particular subject matter, teachers might be 

likely to imitate their past teachers.  Thus, even past teachers who simply lectured or read 

from the textbook might be imitated, even when an inquiry-like curriculum is being 

taught.  This, however, does not appear to be the case here.  Second, few, if any, of these 

teachers engaged in inquiry science for the entire year.  Further, this survey does not ask 

about modeling after past teachers only for a given unit; it asks very generally.  Thus, it 

seems unlikely that all teachers are only considering their inquiry teaching units and then 

claiming to emulate their past inquiry teachers in that limited context.108  The second 

limitation of these results is that, since all teachers have taught inquiry, they are likely 

familiar with the relevant concepts and jargon.  Since the questions here focus on past 

                                                 
107 This research neither condones nor condemns inquiry science.  Rather, some results are presented from 
the likely viewpoints of those who do. 
108 Data are not available on what LeTUS teacher taught during non-LeTUS class time.  It is thus difficult 
to perfectly assess the validity of this claim. 
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inquiry learning for teachers, their familiarity might cause them to be more likely to 

indicate their own high levels of past inquiry exposure.  Teachers that have never taught 

inquiry-based curricula might be less likely to feel as though these inquiry characteristics 

were present in their background, perhaps only because they aren’t as familiar with 

inquiry concepts.  It is impossible to determine if such is the case here. 

 

There is also a potential negative side to these results for inquiry supporters.  If inquiry 

science were taught to these teachers “poorly,” or in a way that compromised the 

integrity of inquiry tenets, then the emulation would likely reflect this.  This is a real 

possibility; inquiry science can be elusive in its implementation and only subtly different 

from science that merely employs lots of hands-on work.  Further, if teachers who 

experienced high levels of inquiry-like science as students are more likely to emulate 

their teachers, then it follows that past teachers of inquiry science have more influence 

over current incarnations of inquiry science curricula.  Thus, it becomes very important to 

understand whether the practices being emulated are true to the ideals of “real” inquiry 

science.  Again, though, this cannot be answered with available data. 

 

D. “Negative” Emulation 

The final issue of interest here is the existence of the “opposite” of the apprenticeship of 

observation, referred to herein as “negative emulation.”  As discussed in previous 

chapters, there is some reason to believe that teachers may “learn” pedagogy by 

consciously doing the opposite of how they were taught.  One way to consider this is to 

look at the relationship between emulation and the presence of non-inquiry elements in 

the classroom.  If teachers who have not been exposed to inquiry science emulate past 

teachers less, then it might be the case that they are, in fact, consciously teaching 

differently than how their teachers taught them.  This is not the only conclusion that 

could be drawn from such a result; not emulating non-inquiry teachers is not necessarily 

the same as negatively emulating those teachers.  However, interview data indicate that 

teachers who consciously negatively emulate their teachers typically cited decidedly non-

inquiry-like characteristics of those classrooms (such as sitting in desks in straight rows, 

constantly reading from a textbook, or being evaluated solely on their written work.)  
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Thus, if the lack of inquiry is related to the extent of emulation, then it certainly raises the 

possibility that teachers are, in fact, consciously negatively emulating what was done for 

them.      

 

Analytically, it makes more sense to consider the simultaneous presence of the non-

inquiry characteristics and the lack of inquiry characteristics than either in isolation.  For 

instance, if one were exposed to both high levels of inquiry and non-inquiry, then simply 

looking at either one would ignore important information.  Instead, considering inquiry 

and non-inquiry backgrounds together provides a more robust sense of a teacher’s past 

science instruction.  Here, this is accomplished via use of a new variable, called “NMI” 

(for “non-inquiry minus inquiry”), the equation of which is: 

 

NMI = (Sum of non-inquiry scores) – (Sum of inquiry scores) 

 

The greater the magnitude of NMI, the more an individual had only non-inquiry 

characteristics as part of her science instructional background.  The value of NMI can 

range from eight (the three non-inquiry characteristics were present “a lot” and the four 

inquiry characteristics were present “not at all”) to negative twelve (the three non-inquiry 

characteristics were present “not at all” and the four inquiry characteristics were present 

“a lot”).     

 

The mean value of NMI for those who emulate past teachers overall is 0.25.  The mean 

value of NMI for those who don’t emulate is 3.00, for a difference of 2.75, and a p-value 

of 0.025.  This large, significant difference indicates that a teacher’s background that 

consists of the simultaneous presence of non-inquiry and lack of inquiry characteristics 

may result in less emulation.  The extent of emulation, however, is not significantly 

related to NMI scores.  There are strong correlations between NMI and two specific areas 

of emulation, as seen in Table 4-9. 
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Table 4-9. Correlations Between Extent of Emulation and NMI 

Area of Emulation Correlation to NMI (p-value) 

Determining physical environment -.540*  (.011) 

Use of experiments .014  (.953) 

Use of hands-on projects -.336  (.136) 

Use of classroom demonstrations -.332  (.142) 

Use of texts -.346  (.125) 

Personal interactions with students -.380  (.090) 

Determining the sequence of tasks -.277  (.224) 

Assessment techniques -.656*  (.001) 

Correlations with p < 0.05 are denoted with an asterisk. 
 
As expected, most of the areas of emulation are negatively correlated with the 

simultaneous existence of non-inquiry characteristics and lack of inquiry characteristics.  

There is significant negative correlation to determining the physical environment and 

assessment techniques.  Thus, it appears that the less a teacher’s past science instruction 

was “inquiry-like,” the more likely they may be to negatively emulate their past teachers, 

especially in regards to determining the physical environment and assessing students.  

Again, the act of not emulating is not necessarily equivalent to negatively emulating.  

However, these results certainly provide an adequate basis for hypothesizing that the lack 

of inquiry characteristics may cause science teachers to engage in negative emulation, 

especially in those areas described.   

 

If this hypothesis were true, it too might be heartening to supporters of inquiry science.  

For them, it would seem to be a “positive” result that these teachers are likely to 

negatively emulate their non-inquiry teachers.  One valuable goal of follow-up work to 

this dissertation would be to use the aforementioned results to further explore what, 

exactly, teachers do when they negatively emulate past teachers, and to what extent non-

emulation implies negative emulation.  
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E. The Importance of Non-Science Teachers 

In the space provided on the survey for additional comments, some teachers expanded 

upon and clarified their answers.  Of these comments, one is particularly important.  Four 

teachers pointed out that, regardless of whether they emulated science teachers, there are 

past non-science teachers whom they do emulate.  Since five of the eight emulation areas 

are not science-specific, it would have been more appropriate for this survey to not limit 

these questions to emulation of science teachers.  As well, some of these respondents 

teach multiple subjects, not just science, meaning that non-science teachers may be even 

more likely to be emulated.  For future survey design, it will be important to not just 

consider science teachers, but teachers of all subject areas.  This can also allow analysis 

regarding whether current science teachers emulate past science teachers more than they 

emulate other past teachers.  It would also be of great interest to explore how emulation 

of teachers of other subjects impacts the science classroom differently than does 

emulation of science teachers.  

 

IV. Visits to Science Museum 

 

This section is meant to determine whether and how much teachers learn about science 

content and pedagogy from museum visits.  The interviews suggest that museum 

experiences early in life might contribute to an interest in science.  The literature, 

focusing on adult learning, indicates that science content and certain pedagogical tools 

are likely to be learned from museum visits.  The results below address the latter.  

Unfortunately, however, two factors make it difficult to shed light on these hypotheses.  

First, this section proved surprisingly confusing for the teachers.  Whereas in other 

survey sections, their responses seemed to indicate a clear understanding that the 

experiences of interest were about their own lives, some may have interpreted the 

learning outcomes in this section to be in regards to their students.  This was suggested 

by various open-ended responses that referred specifically to the effectiveness of 

students’ museum-based learning.  It is difficult to imagine what some of the responses 

would mean in this case, especially since the survey language specifies that the teacher’s 

learning is of interest.  Possibly one source of confusion was that teachers often attend 
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museums for multiple reasons, including PD, with their students on field trips, and for 

their own leisure / enjoyment.  All three were included on the survey because of the 

likely difficulty of teachers being able to differentiate their learning during museum visits 

with different motivations.  However, the inclusion of all three may have somehow 

focused teachers on field trip visits, despite survey language to the contrary, thus 

focusing them on student-level impacts.  Below, the summary and analysis of the 

responses is given independently of these considerations, though it is important 

throughout to bear in mind the possible impacts of the miscommunications.  The second 

complicating factor is that there was little variation among many responses, making it 

difficult to uncover the relationships of interest. 

 

A. Nature of Visits and Learning Outcomes 

Survey responses about the frequency of museum visits and activities engaged in are 

shown in Appendix C, and are only briefly summarized here.  Almost all teachers have 

visited museums in the past five years for field trips, PD, and non-teaching reasons.  For 

each type of visit, the most common frequency was “more than 5 times.”  For non-

teaching visits (which includes leisure and personal enjoyment), 25 of 39 teachers 

reported visiting more than five times.109  All but two teachers reported visits lasting for 

either 1-2 hours or more than two hours.  For the frequency of engagement in activities110 

while there, the most common response for each activity was “occasionally.” For each 

activity, no more than two teachers replied that they never engaged in it. 

 

The learning in museums is summarized in Table 4-10, below.   

                                                 
109 There is no correlation between frequency of non-teaching visits and frequency of either field trip or PD 
visits.  However, frequency of visits for field trips and PD are significantly and positively correlated, 
indicating that school-related museum visits don’t seem related to a teacher’s personal museum-going 
habits.   
110 Activities included listening to a museum guide or expert, using self-guided aids, observing scientific 
phenomena in their natural environment, and explaining the exhibit to someone. 
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Table 4-10. Mean Amount of Teachers’ Perceived Museum Learning 

Specified Area of Learning Mean / SD (n=39) 

How to present science lessons  2.69 / 1.00 

How to explain concepts to others 2.82 / 1.02 

Science content 3.23 / 0.81 

Scale: 

“1” = No learning; 
“2” = A little learning; 
“3” = Some learning; 
“4” = A lot of learning. 

 
The most learning is in regards to science content, and least in regards to how to present 

science lessons, though the difference between them is relatively small.  As was 

discussed in Chapter 3, some science museum literature maintains that the museum 

experience is meant, at its most basic level, to teach science content.  Thus, it is 

reasonable that teachers learn science content to at least a moderate degree.  (Although, if 

teachers really felt that these outcomes were about their students, this could explain why 

science content was ranked highest.)  However, it is somewhat surprising that teachers do 

not learn more about how to present science lessons.  First, teachers indicated that they 

attend museums for numerous reasons, including PD.  It might be expected, therefore, 

that they would engage in at least some learning about how to teach science classes (even 

though not all PD focuses expressly on the presentation of lessons).  Second, if museum 

exhibits present science content via methods that many teachers have not used in their 

own classroom, then it seems likely that teachers might gain valuable insight into how to 

present their lessons in a new, different way.  However, many museums provide 

information only via text, which may not represent new methods of lesson presentation.  

And, it may be the case that teachers are learning how to present lessons.  A score of 2.69 

(or close to “some learning”) indicates that such is the case, though not as strongly as one 

might expect. 

 

B. Correlational Analyses 

Running bivariate correlations between participation in the four in-museum activities and 

the types of visits shows no significant relationships.  Thus, the question arises whether 

there are significant relationships between the learning outcomes and the frequency of 

types of visits and participation in the activities.  Table 4-11 shows the partial 
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correlations and p-values between the frequency of visits of different types and the 

learning outcomes.  Each correlation controls for the frequency of visits of the other two 

types.   

 

Table 4-11. Partial Correlations (and p-values) Between Frequency of 
Types of Museum Visits and Teachers’ Perceived Learning 

 
 Science content How to present lessons 

How to explain 
concepts to others 

Field Trips 
.025 

(.884) 
.208 

(.217) 
.249 

(.138) 

PD 
.316 

(.057) 
.341* 
(.039) 

.353* 
(.032) 

T
yp

e 
of

 V
is

it
 

Non-teaching 
-.061 
(.721) 

-.195 
(.248) 

-.175 
(.301) 

Correlations with p < 0.05 are denoted with an asterisk. 
 

The most significant correlations are between frequency of PD visits and the two 

pedagogical outcomes.  It certainly seems reasonable that more PD experiences might be 

associated with more pedagogical learning.  However, it is somewhat surprising that 

frequency of participation in neither field trips nor other visits is largely correlated with 

teachers’ perceived learning.  It may be the case that teachers’ field trips visits require 

them to discipline and organize their students, perhaps preventing them from engaging in 

more learning.  However, this seems unlikely to be the case for visits for non-teaching 

reasons, which are not positively correlated to increased learning.      

 

The correlations of the learning outcomes to the other museum visit characteristics are 

shown in Table 4-12.   
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Table 4-12. Correlation (and p-values) of Teachers’ Perceived Learning 
to Museum Visit Characteristics 

 

Characteristics Science content 
How to present 

lessons 
How to explain 

concepts to others 

Number of visits 
.264   

(.104) 
.342*  
(.033) 

.384*  
(.016) 

Time spent per visit 
.449* 
(.004) 

.419*  
(.008) 

.519* 
 (.001) 

Extent of use of museum 
guide 

.108 
 (.511) 

.262 
 (.107) 

.270  
(.097) 

Extent of use of self-guide 
aids 

.045 
 (.786) 

.077  
(.639) 

.096  
(.562) 

Viewing phenomena in 
naturally occurring 
environment 

.214  
(.198) 

.378* 
(.019) 

.442* 
 (.005) 

Explaining exhibits to 
someone 

.140 
 (.395) 

.303  
(.061) 

.437* 
 (.005) 

 Correlations with p < 0.05 are denoted with an asterisk. 

 
 
Here, the number of visits is highly and positively correlated with two of the three 

learning outcomes, and the time per visit is very positively correlated with all three.  This 

certainly seems logical – the more time one spends at a museum, the more learning might 

occur.  Data also show that visits involving observing scientific phenomena in their 

naturally occurring environment is associated with learning about the two pedagogical 

skills (how to present lessons and how to explain concepts).  This raises an interesting 

possibility.  Perhaps teachers who attend such “natural” exhibits are witnessing 

presentations of information that give them ideas about how to present in their own 

classroom and explain subject matter to students.  Perhaps visiting exhibits which are 

only in “fake” or “simulated” environments provide less opportunity for such learning.  

This seems potentially contrary to what intuition might have predicted.  Oftentimes, 

classroom activities do not allow for observation of phenomena in their naturally 

occurring environments.  Thus, one might imagine that museums that face similar 

constraints might give teachers valuable ideas as to how to present lessons and explain 

concepts.  For instance, a teacher who goes to an astronomical observatory and uses 

powerful telescopes to observe the planets might not be able to reasonably use those same 
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presentation modes in her own classroom.  However, the environment in an enclosed 

space museum that is limited to only showing pictures of planets, for instance, might be 

much more similar to the classroom environment, and thus, give the teacher more 

presentation ideas that are directly translatable to the classroom.  Here, the reverse 

appears to be true, though it is unclear why.  Perhaps it is the case that teachers simply 

tend to be more interested in exhibits in naturally occurring environments, and thus learn 

more.  This, and other possible explanations cannot be addressed through available data, 

but could be explored through follow-up work. 

 

There are two potentially limiting factors regarding these results.  First, variation among 

participation in the activities that are significantly correlated with outcomes is relatively 

low – especially for “time spent per visit.”  The significance of these correlations may 

thus be due to this very small variation, and be less reflective of some underlying reality.  

Responses to activities that are not significantly correlated to any outcomes (“use of 

museum guides” and “use of self-guide aids”) have more variation.  It therefore seems, at 

least in part, that the low levels of variation of some activities may be responsible for the 

significance of some of the correlations.  Second, it is possible that museum visit 

characteristics do not actually cause the learning outcomes, even though the survey 

question is structured to indicate causality.  Whether the informal experiences cause 

learning is an issue that is important throughout the entire survey analysis, but is 

especially salient here.  For instance, it may be the case that certain teachers are more 

interested in using exhibits as aids in presenting classroom lessons, and thus, spend more 

time at museums than others.  If so, it might not be reasonable to conclude that more time 

in museums causes more learning about how to present lessons.  As such, the correlations 

above should be considered merely descriptive. 

  

Despite the aforementioned difficulties, it is possible to generate some hypotheses from 

the survey data.  Teachers likely do feel as though they engage in science museum 

learning, most highly regarding science content and less so regarding how to present 

science lessons and explain concepts to others.  The frequency of their visits are related to 

more learning only if those visits are for PD.  But, since teachers do not engage in 
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significantly different activities for PD than for other trips, this seems to imply that the 

four activities probed on the survey may not adequately capture why certain learning 

occurs.   At the same time, however, participation in two of the activities is associated 

with more learning in these outcomes.  Thus, it is difficult to determine whether the 

specified activities are meaningfully associated with the learning that occurs. 

 

V. Volunteer and Community Experience 

 

The areas probed in this section are similar to those for past job learning.  They are the 

amount of time spent in the experiences, the nature of the experiences, and the learning 

that occurred.  Each is considered, in turn, below.111     

 

A. Nature and Extent of Participation 

Overall, these teachers have engaged in many volunteer and community experiences.  

Thirty-three teachers have participated in at least one type of organization, while only six 

have not.  Table 4-13 summarizes their participation.       

 

 
 

Table 4-13. Frequency and Time of Participation in Volunteer Organizations 

 
# Teachers who have 

participated (out of 39) 

Total time spent actively 
participating 
(mean / SD) 

Scale 
(number of days) 

Advocacy 7 3.57 / 1.81 

Vocational 11 4.75 / 1.22 

Service 12 4.67 / 1.61 

Community 13 4.08 / 1.55 

Social 16 4.56 / 1.41 

T
yp

e 
of

 
O
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an
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n11

2  

Interest 25 5.28 / 1.34 

“1” = 0 
“2” = 1-5  
“3” = 6-15  
“4” = 16-30 
“5” = 31-50 
“6” = over 50 

 

                                                 
111 One data issue is particularly notable here.  When asked how many of each type of organization they 
have participated in, six teachers left some types blank.  All six, however, answered for at least one 
organization.  This seems to indicate that they left others blank because they had not participated in that 
given group, and likely thought that not answering was the same as answering “0 groups.”  Therefore, this 
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Few teachers have participated in advocacy groups, while nearly two-thirds have 

participated in interest groups.  Not only is participation in advocacy groups the lowest, 

but those who do participate also spent the least amount of time there.  Similarly, interest 

groups have the highest level of participation and the most amount of time spent for those 

who do participate.  While the number participating in community groups is similar to the 

number in vocational, service, and social groups, the time spent there is somewhat less.    

 

Unfortunately, there is evidence from the survey that some teachers could not adequately 

distinguish among these groups.  For instance, some drew question marks next to the 

categories, while others explicitly noted that they couldn’t distinguish between groups.  

Certainly, some of the actual organization names listed by the respondents for each type 

seem appropriately categorized.  For instance, those who had participated in advocacy 

groups listed the Sierra Club, the NAACP, the AIDS ride, and others that could 

reasonably be considered advocacy.  Those who had participated in interest groups listed 

mostly sports teams, but also dance groups, botanical societies, and photography groups.  

However, some teachers listed the same organization for multiple categories (despite 

survey instructions to the contrary).  For instance, botanical societies were listed as 

advocacy and interest.  Though responses such as this aren’t necessarily unreasonable, 

they are likely to significantly compromise analysis that tries to parse apart effects due to 

participation in different types of organizations.  Therefore, the analyses herein consider 

participation in volunteer groups as a whole, and not via a breakdown based on the 

varying types of organizations.   

 

The survey also asked about the extent to which the experiences involved the seven 

characteristics that were also included in the section on past job learning.  They include 

involvement with science content, lab skills, and computer or similar technology 

(“science-specific skills / knowledge”), and involvement with being organized, speaking 

in public, explaining concepts to others, and managing others (“pedagogical skills / 

                                                                                                                                               
summary and analysis treats those responses as “0 groups,” or in the case of the amount of time spent 
participating, “0 days.”   
112 See Chapter 3 for discussions of examples of organizations comprising the various categories. 
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knowledge”).  Figure 4-5 shows the mean extent of involvement with these seven 

characteristics for all respondents.   

Volunteer Experiences Involvment with
Specified Skills / Knowledge
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Figure 4-5 

 

Similar to the results in past job learning, these teachers report that volunteer experiences 

do not greatly involve science-specific, but do significantly involve pedagogical skills / 

knowledge.  However, when considering only those whose experiences that did involve 

the given skill / knowledge, the mean extent of its involvement is much more similar 

across all seven skills / knowledge.  This is shown in more detail in Appendix C. 

 

B. Learning Outcomes 

Teachers also rated their learning in each of the above seven areas.  Table 4-14 

summarizes those responses in two ways.  The first is by reporting the means and 

standard deviations for all respondents.  As in the section on past jobs, the second is by 

considering responses of those whose participation actually involved the skills / 

knowledge. 
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Table 4-14. Mean and Standard Deviations of  
Teachers’ Perceived Volunteer Experience Learning 

 

Learning Outcome 
Mean / std dev for full 

sample (n=34) 

Mean / std dev for those whose 
participation involved same skill / 

knowledge 

Lab Skills 1.32 / 0.64 2.37 / 0.52  (n=8) 

Science content 1.62 / 0.89 2.62 / 0.65  (n=13) 

Technology 1.70 / 0.98 2.37 / 1.02  (n=17) 

How to manage others 2.32 / 1.15 2.80 / 0.96  (n=25) 

How to be organized 2.41 / 1.13 2.71 / 1.01  (n=28) 

How to explain concepts 2.53 / 1.11 2.79 / .98  (n=29) 

How to speak in public 2.59 / 1.13 2.89 / 0.99  (n=28) 

Overall Learning 2.97 / 0.85 N/A 

Scale (amount of learning):

“1” = none; 
“2” = a little; 
“3” = some; 
“4” = a lot. 

 
As expected, the volunteer learning for the entire sample significantly mirrors the extent 

of the involvement of the skills / knowledge.  The group, as a whole, experiences the 

least learning in regards to lab skills and the most regarding how to speak in public.  

Notably, though, the mean response to the amount of learning that occurred overall is 

greater than each of the seven specific characteristic responses.  This seems to indicate 

that there are other learning outcomes that were not explored here that might be more 

appropriate as learning outcomes.  Unfortunately there is little in this or the interview 

data that allows for identification of what those other outcomes might be.113 

 

Also as with past jobs, the learning for the specified individuals is relatively similar 

across learning outcomes.  The scores range only from 2.37 (lab skills and technology) to 

2.89 (how to speak in public).  Since these means are much closer to one another than are 

the means for the full sample, it is likely that the difference in learning outcomes for the 

                                                 
113 In the alternative, it is possible that a teacher who responds that “a little” learning occurred in each of 
the seven characteristics might also believe that this aggregates to “a lot” of learning.  Thus, it is not 
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individual is primarily driven by whether the given volunteer experience involves those 

skills / knowledge.   

 

C. Correlational Analyses 

There are no significant correlations between the amount of time spent in volunteer 

organizations and any of the learning outcomes.114  These results are shown in Appendix 

C.  However, there are significant relationships between the learning outcomes and the 

extent of involvement with the specified skills / knowledge.  One might expect, for 

instance, that a volunteer experience that highly involved science content would be 

associated with significantly more science content learning than an experience that did 

not involve science content.  However, a matrix of bivariate correlations between 

learning outcomes and experience skills / knowledge would be less illustrative than one 

that controls for the extent of the involvement of each of the other skills / knowledge.  

Table 4-15, below, presents these partial correlations.   

 

                                                                                                                                               
completely unreasonable that the overall learning score is greater than each individual average.  However, 
the possibility of omitted learning outcomes is still one worth exploring in future work.  
114 The survey only asks for the time spent in the individual types of organizations, so this measure of time 
is the average across all organizations.  The correlations for each learning outcome (not for “overall 
learning”) are calculated for only those whose experience involved that skill / knowledge.  
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Table 4-15. Partial Correlations (and p-values) Between Teachers’ Perceived Volunteer 
Experience Learning and Involvement with Skills / Knowledge 

 
Extent to which Experience Involved:   

Science 
Content Lab Skills 

Tech-
nology 

Being 
organized 

Speaking 
in public 

Explaining 
concepts 

Managing 
others 

Science 
content 

.893* 
.000 

-.378 
.057 

.119 

.562 
-.004 
.985 

.078 

.703 
-.094 
.649 

-.197 
.335 

Lab Skills 
.189 
.354 

.759* 
.000 

-.060 
.769 

.167 

.414 
.044 
.831 

-.190 
.352 

-.154 
.453 

Tech-
nology 

.115 

.577 
-.088 
.669 

.490* 
.011 

.205 

.316 
.069 
.737 

-.126 
.539 

-.191 
.350 

How to be 
better 
organized 

-.131 
.524 

-.012 
.952 

.124 

.545 
.211 
.302 

.178 

.384 
.039 
.851 

-.022 
.915 

How to 
speak in 
public 

-.096 
.640 

.073 

.724 
.224 
.271 

-.086 
.676 

.354 

.076 
.237 
.243 

.141 

.493 

How to 
explain 
concepts 

.0034 
.987 

.068 

.741 
.354 
.076 

-.040 
.846 

.102 

.621 
.430* 
.028 

.061 

.768 

How to 
manage 
others 

.079 

.699 
-.286 
.157 

.445* 
.023 

.070 

.733 
.011 
.955 

-.121 
.555 

.608* 
.001 

L
ea

rn
in

g 
O

ut
co

m
es

 

Overall 

Learning 
.267 
.185 

-.281 
.165 

.309 

.124 
.092 
.656 

-.086 
.675 

-.161 
.433 

.409* 
.038 

Correlations with p < 0.05 are denoted with an asterisk. 
 

As expected, many of the “diagonals” show highly positive coefficients.  For instance, 

jobs that involve science content are highly correlated to science content learning, even 

when controlling for participation in experiences involving the other skills / knowledge.  

Such is not the case only for two “diagonals:” being organized and speaking in public.  

Interestingly, jobs that have higher involvement with managing others are significantly 

correlated not just with learning how to manage others, but also with the “overall 

learning” measure.  This seems to imply that these teachers believe that learning to 

manage others is, relative to the other outcomes, a very important component of overall 

learning.  As well, just as with learning from past jobs, experiences involving technology 

also seem to confer learning about how to manage others.  Again, though, it is unclear 

why.  Perhaps volunteer experiences that involve technology are somehow likely to have 

managerial aspects. 
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For volunteer experiences generally, the learning seems quite similar to learning from 

past jobs.115  More learning occurs regarding the four pedagogical outcomes than the 

three science-specific outcomes.  This is likely due to the fact that most experiences don’t 

involve the three science-specific skills / knowledge.  Thus, just as with past job learning, 

a group of teachers with volunteer experience might be more likely to have acquired 

pedagogical knowledge than other knowledge, but the learning for each individual 

teacher is likely to highly depend on the nature of her experiences.  The ramifications are 

therefore also similar to those discussed for past jobs.  A teacher with science-specific 

volunteer experience might possess knowledge that others don’t.  A teacher with any 

volunteer experience might have greater facility with certain pedagogical skills.  Thus, 

certain PD programs might be more or less useful for teachers with different amounts of 

volunteer experience.  And, thus, such experiences might be important components of PD 

evaluations and research. 

 

VI. Reading, Internet Use, and TV 

 

The final informal learning experience on the survey is reading, Internet use, and 

watching TV and videos (texts, the Internet and TV are referred to collectively as 

“media.”)  The issues of interest here are the frequency of media use and the learning that 

results. 

 

A. Nature of the Activity 

Table 4-16 shows the means and standard deviations of the frequency of the three 

aforementioned activities in relation to the four subjects: science content, teaching 

practices, technology, and other education issues.  The timeframe probed is the last two 

years. 

                                                 
115 This could be in part due to the fact that the survey asks about them in similar ways. 
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Table 4-16. Means and Standard Deviations of  
Frequency of Media Use Regarding Various Subjects 

 
   

Science content 
Teaching 
practices 

Technology 
Other education 

issues 

Reading 4.47 / 0.86 4.38 / 0.78 3.67 / 1.08 4.37 / 0.97 

Internet Use 4.29 / 1.04 3.51 / 1.14 3.15 / 1.16 3.59 / 1.28 

A
ct

iv
it

ie
s 

Watching TV 4.28 / 0.83 2.56 / 1.27 2.64 / 1.31 3.03 / 1.26 

Scale (times / year for last two years):

“1” = 0; 
“2” = 1-3; 
“3” = 3-6; 
“4” = 6-12; 
“5” = >12 

 

For each subject, these teachers read most, followed by using the Internet, and then by 

watching TV.  For each activity, science content is the subject most often addressed.  It is 

not surprising that teachers read more frequently than they use the Internet or watch TV 

about science content, teaching practices, and other education issues.  Although there are 

Internet sites on seemingly any and every topic, hard copy texts are typically easier to 

read than Internet sites (which, for reading, can require time consuming and costly 

printing) and easier to access (especially since high-speed internet access can be 

expensive).  And, although there are numerous science content-based television programs 

available, there is still likely a much greater range of topics in print that one can easily 

and freely choose than on TV.  However, it is somewhat surprising that teachers claim to 

read more about technology than use the Internet to find information about it.  It seems 

likely that the Internet would be a more valuable source of technology information, if 

only because it better lends itself to graphics and interactive experiences (possibly 

important components of technology learning) than do texts.  Further, since technology 

evolves at such a rapid pace, texts can become outdated more quickly.  Although these 

data are not necessarily contradictory, there is a possibility here that teachers may have 

reported that they read most about all four subjects because of a “social desirability” 

factor.  It may seem more appropriate for them, as teachers, to read rather than watch TV 

or use the Internet, both of which can carry negative stigmas.  Obviously, this issue 

cannot be determined fully through available data, though it merits consideration. 
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B. Learning Outcomes 

The extent to which learning occurs from these activities is reported in Table 4-17, 

below.   

Table 4-17. Means and Standard Deviations of Teachers’ Perceived Media Learning 

 
Science content 

Teaching 
practices 

Technology 
Other education 

issues 

Reading 3.28 / .72 3.08 / .77 2.90 / .85 3.08 / .91 

Internet Use 3.21 / .83 2.64 / .96 2.53 / .95 2.68 / .96 

A
ct

iv
it

ie
s 

Watching TV 3.18 / .76 2.21 / .92 2.16 / 1.03 2.38 / .76 

Scale (amount of learning):

“1” = none; 
“2” = a little; 
“3” = some; 
“4” = a lot 

 
This table is nearly a mirror image of the previous one.  Almost every cell here is related 

to the other cells in its row and its column in the same way as in the previous table.  The 

mean responses in each column in both tables decrease from reading to Internet use to 

watching TV.  The relations of cells within each row are almost identical.  This could 

mean that the perceived effect of the learning experience is based on the frequency of the 

activity.  Alternatively, it is possible that teachers choose to participate in activities that 

they believe are the most worthwhile.  For instance, if teachers believe that reading about 

science content is valuable, they may choose to spend much time reading about science 

content. 

 

Available data cannot confirm either of the above possibilities.  In fact, it is difficult to 

generate many useful hypotheses regarding media use and learning with available data.  

One reasonable hypothesis appears to be that teachers learn a significant amount of 

science content from media use.  The causes of this learning, however, remain obscured 

and appropriate for follow-up research.   

 

VII. Assessing The Results: Interrelatedness and Completeness 
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Two remaining issues can significantly aid in understanding the survey results.  The first 

is the interrelatedness of each of the five informal learning experiences.  Is participation 

across experiences correlated?  Are those who report more learning in certain areas also 

likely to report more learning in others?  If so, it could be due to the fact that they 

actually learn more or to the propensity of some teachers to recognize their learning (or at 

least claim that they learn) more than others.  The second issue of interest is the extent to 

which these five experiences represent “complete sets” of teachers’ important informal 

learning.  These five are likely not wholly inclusive of every teacher’s important 

experiences.  Therefore, the survey asked teachers to list their most important informal 

learning experiences in order to determine the “completeness” of the five that were 

probed. 

 

A. The Interrelatedness of the Experiences and Outcomes 

There is no simple, neat way to compare the learning that occurs across all five learning 

experiences.  For most, there is different learning that occurs and different conditions that 

can cause that learning.  The following summarizes some of the lessons from each 

section, and synthesizes certain facets of the learning.  Then, analysis focusing on the 

relatedness of the participation and learning levels across the five experiences is 

presented.   

 

Learning from past jobs and volunteer experiences seems to be similar in many respects.  

Pedagogical outcomes, such as learning to be organized, how to speak in public, how to 

explain concepts, and how to manage others are highly learned in both, though slightly 

more so in past jobs.  Other outcomes, such as science content, lab skills, and technology 

are learned much less so, though more from past jobs than from volunteer learning.  For 

both, the extent to which learning in a given area occurs seems to be almost wholly based 

on the extent to which the experience involved certain skills / knowledge.  There is also a 

significant amount of pedagogical skill learning from one’s past science teachers.  

Depending on the analytic scheme used, it appears that conscious emulation of those 

teachers may depend on the extent to which one’s past science instruction involved 

characteristics of inquiry-based science.  Learning in museums tends to center most on 
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science content, though it is hard to determine whether there are certain characteristics of 

visits that are meaningfully associated with learning.  Data on learning through media 

show only that learning is associated with the frequency of the activities, of which 

reading ranks highest.  Science content is the most read about, technology the least, and 

pedagogy in the middle.   

 

These results beg certain questions.  Namely, are the same individuals participating the 

most in each area?  And, are the same individuals learning the most in each area?  Table 

4-17 shows the correlations between participation in four of the five areas.116   

 

Table 4-18. Correlations of Participation in Informal Learning Experiences 

 
Past jobs Museum visits Volunteer Media 

Past jobs 1.0 .061 .261 -.266 

Museum visits   1.0 .196 .240 

Volunteer    1.0 .059 

Media     1.0 

 

Each correlation is relatively low.  Contrary to what might be expected, it does not appear 

to be the case that individuals who participate greatly in one area also participate greatly 

in another.  Of course, participation in past jobs may be quite different than in the other 

three; working in past jobs may be a matter of necessity while the others are likely 

voluntary.  Even so, participation in these other experiences are not highly correlated to 

one another. 

 

                                                 
116 “Participation” in the context of emulating a past teacher is a very different concept than participation in 
the other four areas, and thus, it is not included.  Participation is measured for each area in the following 
ways: for past jobs, the total time spent in those jobs; for museum visits, the frequency of all visits 
multiplied by the average time per visit; for volunteer experiences, the total time spent participating; and 
for media use, the average frequency of all tasks for all subjects. 
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There are, however, large correlations among the learning that occurs in each experience, 

as shown in Table 4-19.117  Since there are no meaningful correlations among 

participation, then the learning outcome correlations cannot be explained simply by the 

frequency of participation.   

 

Table 4-19. Correlations of Teachers’ Perceived Learning Across Experiences 

 
Past jobs Past teachers Museum Volunteer Media 

Past jobs 1.0 .393 .423 .268 .092 

Past teachers  1.0 .167 .075 .216 

Museum     1.0 .531 .313 

Volunteer    1.0 .196 

Media      1.0 

 

Here, learning from past jobs is strongly correlated to the extent to which a teacher 

emulates a past teacher and to museum learning.  Museum learning is also highly 

correlated to volunteer learning.  The presence of these correlations raises an important 

issue.  Are some teachers able to learn more than others?  Are some simply able to more 

fully recognize their learning?  Or do some only report more learning than others?  It is 

impossible to know for sure here, though more in-depth, focused follow-up work could 

help identify the reasons behind these correlations. 

 

B. Completeness: Considering the Open-Ended Responses 

The survey asked teachers to identify and describe their three most influential informal 

learning experiences.  These responses can shed light on whether the five specified 

informal learning areas captured teachers’ perceived most important informal learning. 

 

                                                 
117 The definitions of the learning outcomes are as follows: for past jobs, the average of overall learning and 
the seven specified learning outcomes; for past teachers, the extent of emulation overall (not for the 
specified areas); for museum learning, the average of learning the three specified outcomes; for volunteer 
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The 39 teachers described 109 experiences.118  Some, however, clearly are not informal 

learning; for instance, some teachers wrote “my student teaching,” even though the 

survey instructions clearly asked for experiences other than student teaching.  Others, 

though, are not quite as easily identified as formal or informal.  For instance, one teacher 

responded “my mentor relationship,” which has provided her with professional support.  

But, without more information, it is difficult to tell whether this is an informal learning 

experience.  However, even in light of various difficult-to-sort responses, there are some 

patterns that are apparent. 

 

Of the 109 experiences, 79 (or 72.5%) were considered informal experiences.  Table 4-20 

shows the frequency of experiences by their categories, which were determined via the 

same process as described in Chapter 2; one dominant theme for each experience was 

identified, and then themes were compared and sorted.  The categories on the left are the 

five from the survey. 

Table 4-20. Number of Teachers who Listed Experiences  
(by Category of Experience) 

Survey Categories # Teachers  Non-survey Categories # Teachers 

Past jobs 8  Family 22 

Past Teachers 18  Friendships 3 

Museum visits 0  Childhood community 2 

Volunteer / community 4  Childhood activities 2 

Media 1  
Higher education (non-
teaching programs) 

2 

   
Travel 2 

   
Personal health 1 

   Experience with legal 
matters 

1 

                                                                                                                                               
experiences, the average of overall learning and the seven specified outcomes; and for reading, the average 
learning for all activities and subjects.  
118 There were a possible total of 117 possible responses (39 teachers x 3 responses).  Two teachers listed 
only one experience, one teacher listed only two experiences, and one teacher wrote “none” for all three, 
yielding 109 total experiences.   



 

 

 

100

   
Childhood era 1 

  

Past jobs and past teachers seem to be relatively important experiences for many teachers.  

The same might be true for volunteer / community experiences.  However, museum visits 

and media seem to not be very important.  The latter is somewhat surprising.  Given how 

often and how important teachers’ reading seemed to be as indicated by that section of 

the survey, one might reasonably have expected it to be more frequently mentioned.   

  

The one informal learning experience that was not included on the survey, but certainly 

merits more discussion, is relationships with family members.  There were more 

responses indicating the importance of familial relationships than about any other 

informal learning area, including the five on the survey.   

 

Familial relationships during childhood typically involved older relatives, and, like those 

experiences in Chapter 2, tended to cause119 greater interest in science.  They also caused 

teachers to appreciate the value of education, develop their own learning style, become 

familiar with the field and skill of teaching, and develop scientific knowledge.  Some 

developed a love of children or learned the value of hard work, patience, and 

perseverance in solving problems.  Only one effect was directly connected to current 

teaching practices; a teacher’s grandmother had always set very high expectations for her 

and helped her achieve her goals, thus helping her try to help her current students do the 

same.  One childhood family experience was actually science teacher-specific; a teacher’s 

relationship with her science teacher uncle who allowed her to see and appreciate his love 

of science and science teaching.  One other experience was scientist-specific, as one 

teacher spoke of her aunt, who worked in a laboratory and allowed her to engage in “real 

hands-on” work there.  Most, though described science-neutral experiences and impacts, 

as described above.   

 

Familial experiences that occurred later in life almost entirely focused on having 

children.  This category was the most common within responses about family 
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experiences; eight teachers described having their own children as being one of their 

three most important informal learning experiences.  The effect, however, spans a wide 

range.  Some maintain that having their own children has helped them to learn more 

about children, including how they learn, the range of “normal” development, what types 

of experiences are most likely to benefit them, their interests and frustrations, and their 

needs generally.  Other effects include becoming a greater advocate for and supporter of 

students, and treating them with greater equity in the classroom.  Some teachers, though, 

claimed that having their own children helped them learn about themselves or other 

parents.  For instance, one teacher described becoming more realistic about what her 

students’ parents can accomplish for them at home.  Another claimed to treat students 

explicitly according to how she would want her own children to be treated.  Two adult 

familial experiences involved spouses; in one, an interracial marriage allowed the teacher 

to better understand prejudices, and thus, how to avoid them in her classroom.  In the 

other, the poor home environment of a teacher’s spouse allowed her to gain a better 

perspective on her students’ family lives. 

 

It is important to explore childhood and adult family experiences and relationships more 

fully in follow-up work.  It seems that childhood relationships tend to cultivate scientific, 

or even teaching, interest and instill certain values.  If so, then better understanding them 

might reveal motivations behind current teaching practices.  It also seems that adult 

experiences, especially being a parent, might be an extraordinarily valuable source of 

teaching knowledge.    Are teachers who are parents able to better understand their 

students’ needs?  Are they more likely to treat all students equally and eliminate biases?  

Are they more able to understand how to capture children’s interest and how to handle 

their frustrations?  If so, then knowing more about the learning that occurs as a parent 

could significantly help in understanding why some teachers do what they do.  There are 

teacher-training classes that purportedly focus on these concerns; for instance, child 

psychology courses are common to teachers’ pre-service training programs.  However, 

each teacher who emphasized the importance of learning as a parent has completed that 

training, and still feels that being a parent confers additional important learning.  

                                                                                                                                               
119 These were experiences that the teachers themselves maintained were causative. 
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Therefore, the learning from being a parent is certainly worth exploring more fully and 

should be included in any future research effort focusing on sources of teachers’ informal 

learning.   

 

VIII. Conclusion 

 

This chapter has shown data suggesting that teachers do, in fact, participate in informal 

learning experiences, and feel as though they have learned valuable skills and knowledge.  

It has not definitively shown the effects of this learning or how best for the education 

community to capitalize upon these experiences.  It has, however, generated various 

hypotheses about informal learning, and offered possible trends of informal learning 

among teachers.  The next chapter specifies these hypotheses more clearly and 

synthesizes the lessons learned from data and literature over these first four chapters.  It 

then engages in a sample analysis of some of these hypotheses by operationalizing 

measures based on survey data. 
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Chapter 5.  Using Informal Learning Measures in a PD Program Evaluation 
 

I. Introduction 
 
This dissertation has accomplished multiple important tasks.  It has introduced the notion 

that informal learning may, indeed, be important to the context of teachers’ formal 

training.  It has synthesized diverse strains of adult and teacher learning literature, 

hypothesizing how informal learning experiences might relate to teachers’ professional 

lives and the PD context.  It has also developed data collection instruments and collected 

and analyzed new data on teachers’ informal learning experiences.   

 

This chapter builds on these steps by first presenting an “informal learning framework,” 

which summarizes the potential relevance of informal learning for teachers.  Chapter 1 

offered three hypotheses regarding the role of teachers’ informal learning.  Now, the 

more focused literature review (described in Chapter 3) and the interview and survey data 

together provide a more robust picture of the potential effects of teachers’ informal 

learning.  This picture, or framework, hypothesizes numerous relationships in which 

informal learning might be involved.  After the framework is presented, some of these 

relationships are explored in a sample analysis.  This analysis is not meant to prove or 

disprove the existence of the relationships comprising the framework.  Rather, it is meant 

to be an example of how to operationalize and analyze informal learning survey data in 

relation to outcomes that are often used in the PD analytic context. 

. 

II. The Informal Learning Framework 

 

Figure 5-1, below, shows a framework of informal learning.  It is a flow chart that offers 

a more complete picture of the potential role and effects of teachers’ informal learning 

experiences.  It is based on key lessons from data and literature described in past 

chapters.   
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Teacher’s Informal 
Learning Experience

Resultant Teacher Learning

Knowledge of subject matter

Interest in subject matter

Pedagogical skills

Interpersonal relationships 

Effects on Teacher Behavior

PD choices

Classroom practices

Attitudes

Curriculum choices

Can affect classroom 
environment and students

Can interact with 
knowledge and skills 

acquired in PD

Determines teacher’s 
PD experiences

Better PD design

Better teacher PD 
choices

 

Figure 5-2 

 

This framework illustrates mechanisms by which informal learning can affect teachers, 

their PD experiences, and their students.  As data suggest, some teachers believe their 

informal learning experiences can cause them to develop an increased knowledge of and 

interest in subject matter, acquire certain pedagogical skills, and understand how to best 

engage in personal relationships with students.  These teacher learning outcomes can be 

common to multiple experiences.  For instance, subject matter learning is not limited to 

only one experience, but can stem from past jobs, volunteer experiences, media use, visits 

to museums, and familial experiences (and possibly many others).   

 

Some of this learning can result in changes to teachers’ behaviors or actions.  However, 

even learning that does not cause such changes is still highly relevant.  As was discussed 

in Chapter 1, teachers’ informal learning might interact with knowledge and skills 

acquired in PD experiences.  If so, then knowledge of that informal learning can 

potentially be used to create efficiencies by improving PD design and teachers’ PD 

choices. 

 



 

 

 

105

Clearly, learning that does cause changes in teachers’ behaviors or actions is also 

relevant.  One way that teachers’ informal learning might affect their behavior is by 

influencing their PD choices.  For instance, some might seek out PD that builds on their 

interests (which can be reflected in or determined by their informal learning experiences).  

Others might look for PD that focuses on material that they have never learned elsewhere 

(through either formal or informal learning experiences).  There are also ways in which 

teachers’ behaviors might change that are much more visible within the classroom and to 

students.  Perhaps most importantly, it appears that some teachers rely on their informal 

learning experiences to guide their classroom practices.  These experiences can influence 

how teachers structure and present lessons, communicate ideas, manage their classrooms, 

and more.  Informal learning can also influence teachers’ attitudes and beliefs and their 

choices regarding what materials or curricula to present to their class (if they have control 

over this).    

 

These changes in classroom practices, attitudes, beliefs, and curricular choices are the 

primary ways by which informal learning can affect students.  When teachers act and 

teach differently based on past experiences, students’ learning experiences are directly 

affected.  For instance, if teachers who have worked in past science-related jobs are better 

at managing classroom laboratories, then the students stand to have better laboratory 

experiences.   

 

Consideration of informal learning can improve PD research regardless of whether the 

informal learning causes only teacher learning or also causes changes to teacher behavior. 

If informal learning interacts with PD knowledge, then inclusion of informal learning 

measures in PD research can help provide a more accurate picture of PD effectiveness.  

The same is true if informal learning is a determinant of a teacher’s classroom practices 

or has any relation to students’ achievement.  Additionally, if informal learning 

experiences are related to teachers’ PD choices, then their consideration might reveal 

biases relating to their PD participation.  Knowing the nature of these biases (or the 

differences between PD participants and non-participants) can help determine the extent 

to which research results can be interpreted as causal.   
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This framework is intended to be relatively simple.  There are likely other relationships 

and interactions that are not shown here.  In particular, there may be numerous “feedback 

loops” that are not shown.  For instance, a teacher who reads astronomy journals 

(informal learning) might choose to enact a new astrophysics curriculum (curricular 

choices), which might spur her to attend observatories more often (informal learning).  

This, and other, relationships are certainly possible.  They are not described here so as to 

avoid over complication of this initial, purposefully basic, framework.   

 

III. A Sample Analysis 

 

The rest of this chapter explores a set of relationships shown in the above framework.  If 

these relationships truly exist, they might be reflected in analyses of data that were 

collected.  However, the purpose of these analyses is limited to providing an example of 

how to use informal learning measures in quantitative analyses and explore some of the 

relationships in the framework.  Here, survey data from the 39 LeTUS teachers are used 

to illustrate analysis of the relationships between informal learning, teachers’ classroom 

practices, and students’ achievement.  Classroom practices are used because of data 

strongly suggesting that informal learning can affect what teachers do in the classroom.  

Students’ gain is used for two reasons.  First, it might be directly affected by what 

teachers do in the classroom.  Second, student learning is often seen as the most 

important outcome of teacher learning.120   

 

These analyses are done first by exploring whether certain informal learning measures are 

correlated to either classroom practices or to students’ achievement.  The second step is 

exploration of whether the informal learning outcomes interact with a LeTUS-specific 

PD program, called Lucent Classes.  For this, analysis is first done to relate Lucent Class 

                                                 
120 For instance, Cohen, D. and H. Hill (2000). "Instructional Policy and Classroom Performance: The 
Mathematics Reform in California." Teachers College Record 102: 294-343. describe students’ 
achievement as being the most important outcome of teacher learning, and teachers’ practices as being an 
important mediating variable. 
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participation to a set of classroom practices and to students’ achievement.  Then, certain 

informal learning measures are included (one at a time) to determine: 

1) Whether the informal learning measure is significantly related to the classroom 

practices / students’ achievement; and  

2) Whether inclusion of the informal learning measure alters the otherwise visible 

relationship between the PD and classroom practices / students’ achievement. 

 

A. Data for Analysis 

The four sets of measures used in these analyses are: Lucent Class participation, informal 

learning, classroom practices, and students’ achievement.  Each is detailed below.     

 

1. Measure of PD Participation 

Teachers in this research had the opportunity to engage in a LeTUS-specific PD program 

called Lucent Classes.  In 2001-2002, there were six LeTUS units that teachers could 

enact: two in the fall, two in the winter, and two in the spring.  Teachers chose to enact 

one, two, or three units.  Each unit had an accompanying Lucent Class, resulting in six 

different PD programs that, together, comprise Lucent Classes as defined here.  The 

classes all were designed according to the same principles and model.121  They met once 

per week for approximately three hours over the course of ten weeks (also the duration of 

the curriculum enactment).  They focused on enhancing implementation of the LeTUS 

units by virtue of three guiding design principles: the program was intended to be 

grounded in practice (each participant needed to be simultaneously teaching a LeTUS 

unit), they attempted to engage teachers in reflection on their own practices, and they 

attempted to build and support communities of learners.   

 

Of the 39 teachers who responded to the survey, 25 participated and 14 did not.  Most 

participation was voluntary, though some teachers felt their school principals required 

them to participate.  The implications of this are discussed after the results of the analysis 

                                                 
121 More can be read about Lucent Classes in Finn, L.-E. (2002). "Using Video to Reflect on Curriculum." 
Education Leadership: 72-74. 
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are presented.  In the analysis, participation in Lucent Classes is operationalized as a 

binary measure.   

   

2. Measures of Informal Learning 

Data from the survey encompasses many measures of informal learning across many 

experiences.  It would be impractical to simply include all measures from all experiences.  

Therefore, two experiences are used here – past jobs and volunteer experiences.  Survey 

data indicate that teachers believe that learning from past jobs might be significantly 

related to their practices.  If so, then these resultant practices could certainly affect the 

environment in which students learn, thus also potentially affecting their achievement.  

Volunteer learning was added to past job learning because of the striking similarities 

between the two.   

 

The survey explored seven measures of learning for each experience.  As explained in 

Chapter 3, they can be divided into two categories – science-specific learning (science 

content, lab skills, and technology) and pedagogical learning (how to be better organized, 

speak in public, explain concepts to others, and manage others).  The amounts of learning 

that occur in each area are somewhat correlated to one another, as shown in Tables 5-1 

and 5-2, below. 

 

Table 5-1.  Bivariate Correlations of Teachers’ 
Perceived Learning in Past Jobs 

 
Content Lab Skills Technology 

How to 
organize 

How to 
speak 

How to 
explain 

How to 
manage 

Content 1.0       

Lab Skills .810 1.0      

Technology .599 .315 1.0     

How to 
organize .162 .028 .321 1.0    

How to 
speak .035 -.163 .210 .538 1.0   

How to 
explain .331 .104 .498 .681 .596 1.0  

How to 
manage .104 -.042 .265 .733 .642 .545 1.0 
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Table 5-2.  Bivariate Correlations of Teachers’ 
Perceived Learning in Volunteer Experiences 

 
Content Lab Skills Technology 

How to 
organize 

How to 
speak 

How to 
explain 

How to 
manage 

Content 1.0       

Lab Skills .756 1.0      

Technology .290 .373 1.0     

How to 
organize 

.342 .218 .467 1.0    

How to 
speak .271 .209 .504 .912 1.0   

How to 
explain .338 .174 .336 .800 .775 1.0  

How to 
manage .395 .266 .412 .745 .676 .578 1.0 

 
Here, science content learning is quite highly correlated with laboratory learning (.810 for 

past jobs and .756 for volunteer experiences).  The four pedagogical learning measures in 

each experience are also highly correlated with one another (the lowest correlation in 

either experience is .538 between learning to organize and to speak in public from past 

jobs).  Additionally, learning technological skills and knowledge are somewhat correlated 

with various pedagogical learning measures (especially for volunteer experiences).    

 

Therefore, rather than use multiple measures that are highly correlated to one another, 

these analyses use two of the above measures.  One is science content learning.  This was 

chosen (in addition to being highly correlated to laboratory learning) because there is 

some research indicating the potential effects of teachers’ content knowledge on their 

practices, and, in some cases, on students’ achievement.122  Further, the pre and post-tests 

                                                 
122 One recent study suggests that PD focusing on subject matter may influence teachers’ classroom 
practices.  Garet, M. S. and A. C. Porter (2001). "What Makes Professional Development Effective?  
Results From a National Sample of Teachers." American Educational Research Journal 38(4): 915-945..  
Other research suggests, but does not definitively show, a positive relationship between subject matter 
knowledge and student achievement.  See, for instance, the summary in Darling-Hammond, L. (2000). 
"Teacher Quality and Student Achievement: A Review of State Policy Evidence." Education Policy 
Analysis Archives 8(1)., which describes studies that show a range of positive, negative, and no 
relationships between subject matter knowledge and student achievement.  There is also research on the 
positive effects of certification on student achievement, which might be relevant to the issue of subject 
matter knowledge.  For instance, in Goldhaber, D. D. and D. J. Brewer (2000). "Does Teacher Certification 
Matter?  High School Teacher Certification Status and Student Achievement." Educational Evaluation and 
Policy Analysis 22(2): 129-145., students of math teachers with standard math certification outperformed 
those of teachers without math certification.  This suggests that math subject matter knowledge is related to 
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for all units (which are described more fully below) tend to emphasize science content 

knowledge, meaning that teacher content knowledge might reasonably be related to their 

teaching of science content, which might influence test gains.  The second measure 

chosen is learning how to manage others.  This was selected from the four pedagogical 

learning measures because of its potential relevance to effectively running an inquiry 

science classroom.  There is no evidence from past research suggesting the importance of 

learning how to manage.  However, in an inquiry science class, students are supposed to 

facilitate their own learning by engaging in tasks that might differ from those of other 

students within the same classroom.  Including a measure of a teacher’s experience with 

management skills might help capture this particular aspect of the inquiry science 

classroom.123 

 

A third measure, the time spent in past jobs and volunteer experiences, was also used.  

The aforementioned studies by Cohen and Hill and Garet and Porter suggest that time in 

formal learning experiences is related to teachers’ practices and students’ achievement.  

This raises the possibility that time in informal learning experiences is also relevant.  As 

well, it seems reasonable that if teaching-relevant skills and knowledge are acquired 

through a given experience, then the greater the time spent, the more that might be 

learned (and the more it can affect the teacher and her students).  The measure of time 

spent was also included because it is the only objective measure explored (as opposed to 

teachers’ subjective determinations of how much they learned).   

 

In order to consider these learning measures for both past jobs and volunteer experiences, 

the survey responses are summed across the two experiences.  The measures are 

calculated according to the following equations: 

voljob TTTime +=  

voljob MMManage +=  

                                                                                                                                               
student achievement, though there are numerous other factors that might be responsible for the achievement 
differences; further, these results did not hold for science certification.     
123 Measures of technology learning were excluded from the analysis in part because of their moderately 
large correlations to measures of pedagogical learning.  Primarily, however, they were excluded because of 
anecdotal evidence that some teachers did not use the technology components of the LeTUS curriculum as 
intended (or even at all).   
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voljob SCSCContent +=  

 
where Tjob =  survey score for time spent in past jobs (from 1-4); 

Tvol =  survey score for time spent in volunteer organizations (from 1-4);  
Mjob=  amount learned regarding how to manage others from past jobs (from 0 

3); 
Mvol=  amount learned regarding how to manage others from volunteering (from 

0-3); 
SCjob = amount of science content learned from past jobs (from 0-3); and 
SCvol = amount of science content learned from volunteer experiences (from 0-
3).124 
 

The three variables shown above are correlated to one another and to Lucent participation 

as shown in Table 5-3, below. 

 
Table 5-3.  Correlations Among Teacher Learning Variables 

 Lucent Class Time Manage Content 

Lucent Class 1.0    

Time -.239 1.0   

Manage -.172 .600 1.0  

Content -.446 .344 .290 1.0 

  
There are still some high correlations among these learning measures (especially between 

Time and Manage).  Notably, all three informal learning measures are negatively related 

to participation in Lucent Classes.  Of particular interest is that those who participate in 

Lucent Classes report much less science content learning.  This negative relationship 

raises the possibility that the inclusion of science content learning in the analytic models 

might alter any effect otherwise attributable to Lucent Class participation (especially if 

science content learning from past jobs is as important to teachers as they suggest).   

 

Three other teacher characteristics were considered for use as independent variables in 

these analyses: teaching experience, whether the teacher has a college degree in science, 

and whether the teacher has taught from LeTUS curriculum before enacting the unit used 

in this analysis.  If there were meaningful relationships between these and any other 

                                                 
124 The survey responses for Manage and Content actually ranged from 1-4.  However, for analytic 
purposes it is easier if “no learning” is recoded from 1 to 0.  Thus, Mjob, Mvol, SCjob, and SCvol are recoded 
from 1-4 to 0-3. 
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measures used here, then their inclusion could significantly affect the results herein.  

However, none are significantly related to Lucent Class participation, the informal 

learning measures, self-reported use of classroom practices, or students’ gain.  They are 

thus not included.125  This does not suggest that these variables would never be 

appropriate in similar analyses.  All three could reasonably be related to many of the 

measures herein.  For instance, there is research suggesting that teaching experience can 

positively affect student achievement.126  As well, one might expect that certain formal 

education (such as earning a degree in science) or past experience with a given 

curriculum might be associated with the nature of its enactment and / or with students’ 

achievement.  Here, however, such appears to not be the case.  This could be due to many 

reasons, including a low number of observations (39), the potential inability of the 

variables herein to capture the constructs of interest, the possible lack of any true 

relationship among these measures, and many others. 

 

3. Measures of Classroom Practices  

As the framework in Figure 5-1 suggests, these informal learning measures have the 

potential to influence teachers’ practices.  Six LeTUS-specific practices are used here; 

they were defined as part of a larger research agenda (of which this dissertation is a part).  

The process of defining them consisted primarily of synthesizing others’ research on 

LeTUS enactments and inquiry science generally, and is detailed below.  Notably, these 

practices have not yet been formally tested.  They are presented and used in this 

evaluation since it is meant to be only an example of how informal learning measures can 

be operationalized.  New iterations of LeTUS research should test and refine the 

classroom practice measures described herein. 

 

The first step in identifying a set of practices involved review of existing research on 

LeTUS lesson implementations.  Unfortunately, there have been no serious attempts to 

                                                 
125 None of the three variables has a statistically significant effect on students’ gain.  Whether the teacher 
had previously taught from LeTUS was unrelated to use of all five classroom practices.  Years of 
experience and whether the teacher holds a science degree were significantly related to one classroom 
practice.  However, the magnitudes of both relationships are quite small. 
126 Hanushek, E. A., J. F. Kain, et al. (1998). Teachers, Schools, and Academic Achievement. Cambridge, 
MA, National Bureau of Economic Research. 
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generate a set of “LeTUS-specific” practices that can be measured for research purposes.  

However, LeTUS researchers do possess various formal and informal studies and 

classroom observation notes about LeTUS units.  Some of the studies synthesize 

literature on what “good” inquiry science looks like and discuss how it might be apparent 

in a LeTUS classroom.  Others describe intensive observations of a single classroom over 

time and attempt to categorize the many tasks and teacher behaviors observed.  These 

studies were reviewed and relevant practices were identified.  The second step involved 

reviewing studies on the theory of and principles behind inquiry science to generate a 

series of “important” classroom tasks.  The third step was to ask teachers to describe the 

important components and practices that comprised their LeTUS enactments (this was 

done via the same interviews described in Chapter 2).  Finally, the various practices were 

compared and reviewed by a LeTUS curriculum designer, who helped make 

determinations about which practices were most likely to capture important variation 

across classrooms. 

 

This process resulted in identification of six practices that are meant to be present in 

LeTUS unit enactments.  The first is the teacher’s creation of a climate of inquiry within 

the classroom.  This entails tasks such as generating students’ interest in the subject 

matter, making the subject relevant to their lives, engaging in activities that address a 

“driving question” (which motivates the study of the given topic), and encouraging 

students to understand the role of each activity in answering that question.  The second is 

the engagement of students in inquiry science skills.  These include students’ generation 

of questions and issues that address the “driving question” and creation of their own plans 

to collect and analyze data through their own design and execution of experiments.  Third 

is students’ development and communication of scientific explanations for what they 

observe when engaged in inquiry skills.  This includes engaging in activities where 

students consider data, generate explanations, attempt to convince others of their 

explanations, and evaluate others’ explanations.  The fourth is communication about the 

scientific process, where students discuss tasks such as planning investigations, 

developing and testing hypotheses, how to interpret data, how hypotheses can change 

with new data, and how to prepare reports and findings.  Fifth is the teacher’s integration 



 

 

 

114

of vocabulary and content into the inquiry context.  LeTUS teachers are encouraged to 

incorporate vocabulary and science content into the various inquiry activities.  In the 

alternative, they might present them as separate lessons, distinct from the inquiry context 

and the motivation behind the unit.  The sixth is the teacher’s use of technology in 

relation to what was specified by the unit materials. 

 

To summarize, the six practices that were included on the survey are: 

1. Creation of a climate of inquiry within the classroom (“climate of inquiry”); 

2. Involvement of students in inquiry skills (“inquiry skills”); 

3. Involvement of students in developing and communicating scientific explanations 

(“developing / communicating explanations”); 

4. Involvement of students in communication about the scientific process 

(“communication re sci process”); 

5. Integration of vocabulary and content into the inquiry framework (“integration of 

vocabulary and content”); and 

6. Involvement of students in tasks using computer technology (“technology use”).     

 

The first five of these are used in the following analyses.127  For each of these five, the 

higher the score, the more fully the teacher believed it was present in her classroom.  The 

maximum score varied across all practices.  Additionally, each practice is a composite of 

multiple survey questions.  Appendix C shows the minimum and maximum scores for 

each practice, the questions used to calculate each score from the survey, and the means 

and standard deviations of each practice.   

 

Before engaging in analysis with these measures, it is worthwhile to look at the extent to 

which they are interrelated.  This allows for more accurate interpretation of the results 

that follow.  Table 5-4, below, shows the bivariate correlations of the five practices.   

                                                 
127 The last measure, technology use, is excluded.  It was included in the broader LeTUS research agenda to 
indicate not just what the teacher does in the classroom, but also the availability of technological resources 
in the teacher’s school.  This analysis does not address school effects, and thus, would not benefit by 
considering this practice.   
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Table 5-4.  Bivariate Correlations of Use of Classroom Practices 

 
Climate of 

inquiry 
Inquiry skills 

Developing / 
communicating 

explanations 

Communication 
re sci process 

Integration of 
vocab and 

content 

Climate of 
inquiry 

1.0     

Inquiry skills .288 1.0    

Developing / 
communicating 
explanations 

.237 .594 1.0   

Communication 
re sci process 

.282 .466 .132 1.0  

Integration of 
vocab and 
content 

.323 .000 -.030 -.189 1.0 

 
Here, it appears that most of these practices are relatively distinct from one another.  The 

most obvious exceptions are that use of inquiry skills is highly (and positively) correlated 

to developing and communicating explanations and communication about the scientific 

process.   

 

4. Students’ Achievement Measures 

Students in each of the six LeTUS units took identical tests before and after the LeTUS 

curriculum enactment, thus yielding a measure of gain.  The tests were developed and 

scored by LeTUS researchers.  The maximum scores varied across most tests, ranging 

from 16 to 22.  This analysis uses all 39 teachers and 1,911 students’ pre and post-test 

scores, for an average of 49 students per teacher.  The six different unit tests are 

described in Table 5-5, below, which shows their mean gain, standard deviation of the 

gain, the number of students who took each test, and the number of unit teachers who did 

and did not take the Lucent Classes.   
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Table 5-5.  Characteristics of Unit Tests 

Unit Name Mean Gain Std. Dev. of Gain # Students Who Took Tests 

Behavior Matters 2.11 2.64 756 

Earth Structures 2.34 3.19 437 

Global Warming 2.04 2.91 631 

ReNue 1.49 2.65 419 

Struggle for Survival 1.72 2.83 346 

Water Quality 2.45 2.97 159 

 
Unit exams were designed to be similar in many aspects.  For instance, each is meant to 

last one class period, to be approximately the same level of difficulty, and to be 

structured similarly (with similar numbers of multiple choice and free response 

questions).  However, there are important differences.  Most importantly for these 

analyses, some of the unit tests are very closely tied to the unit’s activities, while others 

measure knowledge gain in regards to more general scientific concepts.  Therefore, use of 

all test gains in the same analyses has the potential to compromise the results.  The 

implications of comparability are addressed more fully in the discussion section that 

follows the results of the analysis.   

 

For the following analyses, each test was treated as comparable to one another.  Because 

of test differences, such as varying maxima (from 16 to 22), they are most easily used for 

analytic purposes by standardizing each student’s gain.  The standardized gain for each 

student is calculated according to the following equation: 

( ) 2/ ttstts ddG σ−=  

where  Gst =   standardized gain for student s on unit test t; 
dst =   difference between post and pre-test scores for student s on test t;  

td =   mean difference between post and pre-test scores for all students who took 
both the pre and post-test t; 

2
tσ =  standard deviation of the differences between post and pre-test scores for 

all students who took the pre and post-test t.    
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Each student’s standardized test gain (herein referred to as “gain”) represents the gain in 

standard deviations.  This makes for much easier comparisons of the achievement of 

students who participated in different LeTUS units and took a different set of LeTUS 

tests.   

 

B. Analyses and Results  

1. Informal Learning Measures on Classroom Practices and Students’ Gain 

This first analysis examines the relationship between teachers’ informal learning and 

classroom practices and students’ gain.  Bivariate correlations between these variables 

provide insight into any such relationships for this group of teachers.128  Table 5-6, 

below, shows these correlations. 

 
Table 5-6.  Bivariate Correlations of Informal Learning Measures 

to Classroom Practice Measures 
 Time Manage Content 

Climate of inquiry -.143 -.069 -.186 

Inquiry skills .289 .163 -.159 

Developing / communicating explanations .007 .106 -.203 

Communication re Sci Process .071 .206 -.260 

Integration of Vocab and Content -.262 -.251 .062 

 
It appears that teachers with more time in past jobs and volunteer experiences report more 

use of inquiry skills, and less creation of a climate of inquiry and integration of 

vocabulary and content into an inquiry science framework.  Those with more learning 

about how to manage are slightly more likely to encourage communication about the 

scientific process and to use inquiry skills, but are less likely to integrate vocabulary and 

content.  Those with more science content learning are less likely to fully implement four 

of the five practices.  

                                                 
128 Any analysis that attempts to determine causative effects of teacher learning on classroom practices 
would ideally look at changes in practices over time.  Here, however, such data are unavailable.  Only 
cross-sectional measures of teachers’ practices are used, thus reducing implications of causal relationships 
between teacher learning and classroom practices.   
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It is not clear that there are any meaningful relationships here, as many of the correlations 

are quite small.  However, some of these relationships do have reasonable possible 

explanations.  For instance, those with more managerial experience may be better able to 

facilitate communication about process-related ideas, thus scoring higher on 

communication about the scientific process.  Regarding the negative correlations between 

Content and four practices, perhaps teachers with more science content learning do not 

agree with inquiry science principles, and thus, don’t teach them.  Or, those with lower 

Content scores might be less comfortable with science content and thus rigidly adhere to 

the curriculum they are given (thus scoring higher on many classroom practices).  These 

small correlations raise, but certainly cannot confirm, these and many other possibilities. 

 

There are even smaller correlations between informal learning measures and students’ 

LeTUS test gain scores.  Table 5-7, below, shows that a teacher’s average gain129 is 

largely unrelated to these informal learning measures. 

 
Table 5-7.  Bivariate Correlations of Informal Learning Measures 

and Students’ Gain 
 Time Manage Content 

Average Gain .017 .047 -.041 

 
The predominance of no statistically meaningful relationships above certainly does not 

prove that the aforementioned framework is incorrect or somehow flawed.  More teacher 

observations and more reliable measures of all the variables used above can enable 

analyses that can better confirm or refute these relationships.  Other facets of the analysis 

that might aid in interpretation of these results are described in the discussion section. 

 

2. Interactions of Informal Learning and Lucent Classes 

This analysis considers: 1) whether the informal learning measures are related to the 

same two outcomes when included in a model measuring the effects of Lucent Class 

participation and 2) whether the inclusion of these informal learning measures alters the 
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relationships between Lucent Class participation and the same two outcomes.  The small 

magnitudes of the above correlations suggest that neither will be the case.  However, this 

issue is more fully explored in order to illustrate how these measures can be used in a 

more sophisticated, formal model that is typical of PD analyses.  

 

The first relationship of interest is between teachers’ learning and their classroom 

practices.  This relationship is explored through four models, shown by the following 

equations.   

 
Lucent Model 

CPt = β0 + β1 (LCt) + εt 

Time Model 

CPt = β0 + β1 (LCt) + β2 (Timet) + εt 

Manage Model 

CPt = β0 + β1 (LCt) + β2 (Managet) + εt 

Content Model 

CPt = β0 + β1 (LCt) + β2 (Contentt) + εt 

 
where  CPt = extent of use of given classroom practice for teacher, t; 

LCt = 0/1 variable for whether teacher, t, participated in Lucent Classes; 
Timet, Managet, and Contentt, are the same as previously defined. 

 
The coefficients of these equations are solved using ordinary least squares (OLS), a 

regression technique that can measure relationships between a dependent and multiple 

independent variables (while separately controlling for effects of each independent 

variable).  This is a typical method used in PD research, especially when the outcome 

variable is at the teacher level (such as classroom practices).130  Each of the four models 

is run five times, once for each classroom practice as a dependent variable (for a total of 

20 models).  Table 5-8 displays the OLS coefficients from all 20 models.  Below each 

coefficient is its corresponding p-value. 

                                                                                                                                               
129 Teachers’ average gain was calculated by averaging the standardized gains of all students within their 
LeTUS classroom(s). 
130 See, for instance, Cohen, D. and H. Hill (2000). "Instructional Policy and Classroom Performance: The 
Mathematics Reform in California." Teachers College Record 102: 294-343. 
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Table 5-8.  OLS Coefficients (and p-values) for the Four Models 

 

 
Lucent Model 
Coefficients 

Time Model 
Coefficients 

Manage Model 
Coefficients 

Content Model 
Coefficients 

Classroom 
Practice 

β0 β1 β0 β1 β2 β0 β1 β2 β0 β1 β2 

Climate of 
inquiry 

10.35 
(.000) 

1.51 
(.092) 

10.94 
(.000) 

1.40 
(.132) 

-.10 
(.620) 

10.46 
(.000) 

1.49 
(.107) 

-.03 
(.889) 

10.84 
(.000) 

1.05 
(.308) 

-0.19 
(.537) 

Inquiry skills 
8.02 

(.000) 
0.86 

(.329) 
5.63 

(.000) 
1.30 

(.135) 
0.41* 
(.036) 

7.12 
(.000) 

1.04 
(.243) 

0.25 
(.239) 

8.49 
(.000) 

0.51 
(.613) 

-0.20 
(.504) 

Develop / 
communicate 
scientific 
explanations 

12.29 
(.000) 

0.95 
(.307) 

11.92 
(.000) 

1.02 
(.294) 

0.06 
(.770) 

11.60 
(.000) 

1.09 
(.253) 

0.19 
(.404) 

12.54 
(.000) 

0.97 
(.361) 

-0.24 
(.451) 

Communicate 
re scientific 
process 

10.79 
(.000) 

1.13 
(.247) 

9.83 
(.000) 

1.31 
(.197) 

0.16 
(.465) 

9.52 
(.000) 

1.39 
(.158) 

0.35 
(.135) 

11.45 
(.000) 

0.82 
(.458) 

-0.39 
(.249) 

Integration of 
vocabulary 
and content131 

0.26 
(.121) 

-0.25 
(.163) 

0.85 
(.017) 

-0.40 
(.058) 

-0.10* 
(.038) 

0.71 
(.014) 

-0.39 
(.065) 

-0.12* 
(.026) 

0.37 
(.095) 

-0.34 
(.356) 

-0.06 
(.356) 

* Slope coefficients (β1 and β2) with a p-value > .05 are denoted with an asterisk 

Here, the slope coefficients, β1 and β2, are of most interest.  β1 represents the relationship 

between participation in Lucent Classes and self-reported use of each classroom practice.  

For the Time, Manage, and Content models, β2 represents the incremental effect of Time, 

Manage, and Content, respectively. 

There are very few slope coefficients that are statistically significant.  The Lucent Model 

shows that Lucent Class participation is not significantly related to any classroom 

practice (or, β1 is not statistically significant).  Further, inclusion of the informal learning 

variables does not cause β1 to become significant, suggesting that their inclusion does not 

significantly alter the relationship between Lucent Classes and classroom practices.132  

Additionally, inclusion of informal learning measures does not help explain more 

                                                 
131 This is a dichotomous outcome.  Thus, the coefficients were calculated via a logistic regression.  They 
were then multiplied by (.56)(1-.56) (where .56 is the fraction of those who scored a “1” for this measure) 
to attain a meaningful resultant coefficient. 
132 An alternate approach would be to formally test the hypothesis that β1 does not change across models.  
Here, however, the lack of significant relationships between any teacher learning measure and classroom 
practices very strongly indicates that inclusion of these measures does not make a valuable contribution in 
this particular case. 
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variation in classroom practices.  No model explains more than 9% of the variation in 

outcomes and, in fact, some of the adjusted R2 values are actually negative.   

There are three cases in which β2 is statistically significant.  First, Time is significantly 

and positively related to reported use of inquiry skills (which is consistent with the 

positive correlation shown in Table 5-6).  This raises the possibility that these 

experiences actually help teachers to use inquiry skills in the classroom.  If true, there are 

numerous possible reasons.133  A teacher’s past job experiences might cause her to feel 

that the most effective work environment is one where each individual sets his or her own 

goals and work plan (which might be a component of use of inquiry skills).  Or, volunteer 

experiences might require that a teacher help others to think deeply about how to solve 

problems.  In these cases (and in the many possible others), the more time spent working 

or volunteering, the greater the teacher’s facility with having students engage in inquiry 

skills might be.  Of course, the above results are only suggestive, and in no way 

determinative, of causation.   

Second, Time and Manage are significantly (and negatively) related to integration of 

vocabulary and content within an inquiry context.  This, too, is consistent with the 

correlations in Table 5-6.  Again, myriad possible explanations exist.  Perhaps teachers 

with much time and managerial learning from past jobs and volunteering feel that content 

and vocabulary need to be made very explicit, and not embedded within an inquiry 

context.  It is certainly possible that those with much managerial learning feel that the 

best way to communicate ideas is to simply and explicitly spell them out.  Alternatively, 

it is possible that some teachers believe that teaching content and vocabulary are anti-

inquiry and should not be taught at all, even within an inquiry framework.  Perhaps those 

with high values of Time and Manage strongly feel this way, resulting in lower scores on 

this particular classroom practice.   

These coefficients raise an interesting issue regarding the potential effect of an informal 

learning measure on the effect of Lucent Classes.  Again, the results here do not support 

the conclusion that there is such an informal learning effect.  However, it is worth briefly 
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describing the implications of the few significant coefficients shown above as if other 

coefficients were also significant.  In this way, the potential importance of inclusion of 

informal learning can be best illustrated.  Here, Time and Lucent Class participation are 

positively related to use of inquiry skills, but are negatively correlated to one another.134  

Thus, those who participate in Lucent Classes have lower values of Time than those who 

do not participate.  When two independent variables are positively correlated to the 

outcome and are negatively correlated with one another, the effect of one without 

controlling for the other will be smaller than when the other is controlled for.  Here, the 

effect of Lucent Class participation on use of inquiry skills appears lower when Time is 

not controlled for (0.86 versus 1.30).  Controlling for Time, though, shows an effect of 

Lucent Class participation that is larger than what would have been otherwise perceived.   

This example shows how, when an analysis does yield significant coefficients, inclusion 

of informal learning variables (such as Time) could aid in better identifying the “real” 

effect of PD participation.  Though most of the coefficients are not significant, this 

logical chain illustrates how analysis could detect interactions of informal learning and 

PD learning, thus contributing to more accurate PD research. 

 

As the final piece of this analysis, the following considers whether inclusion of these 

informal learning measures influences the relationship between Lucent Class 

participation and students’ gain.  Since students are grouped within teachers’ classrooms, 

these relationships are determined via hierarchical linear modeling (HLM), a regression 

technique that can account for the nesting of data.  Running a regression at the student 

level would ignore the fact that student outcomes are not independent, since they are 

grouped in teachers’ classrooms.  This lack of independence would violate the 

assumptions of regression techniques such as OLS.  On the other hand, aggregating 

student scores to the teacher level and engaging in analysis only at the teacher level could 

ignore variation within teachers’ classrooms.  HLM accounts for these issues by 

                                                                                                                                               
133 However, since neither learning science content nor how to manage is significant, then the reasons are 
likely to not be associated with either.  
134 Pearson’s r = -.239. 
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simultaneously considering both the teacher and student levels.  The HLM models used 

here are: 

 
Lucent Model: 

ttst rG 00 += β  

ttt uLC 001000 )( ++= χχβ  

 
Time Model: 

ttst rG 00 += β  

tttt uTimeTimeLC 00201000 )()( +−++= χχχβ  
 

Manage Model: 

ttst rG 00 += β  

tttt uManageManageLC 00201000 )()( +−++= χχχβ  

 
Content Model: 

ttst rG 00 += β  

tttt uContentContentLC 00201000 )()( +−++= χχχβ  

 
where Gst =  gain for student s of teacher t; 

LCt =   0/1 measure of whether teacher t participated in Lucent Classes; 
Timet =  Time, defined above, for teacher t; 
Time  =  mean value of Timet; 
Managet = Manage, defined above, for teacher t; and  
Manage = mean value of Managet; 
Contentt = Content, defined above, for teacher t; and  
Content = mean value of Contentt. 

In the Lucent Model, χ00 represents the mean gain for teachers who did not participate in 

Lucent Classes.  In the Time, Manage, and Content models, χ00 is the mean gain for 

teachers who did not participate in Lucent Classes and whose score on the given informal 

learning measure equals the mean of that measure for all 39 teachers.  In all models, χ01 is 

the incremental effect of Lucent Classes on teachers’ mean gain.  χ02 is the incremental 

effect of the informal learning measures on mean gain.  Table 5-9, below, shows these 

HLM coefficients and their corresponding p-values for all four models.  It also shows the 

percent of variation that is explained by each model.  (The percent of variation explained 
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including no independent variables is 5.79%.  Thus, the percent of variation explained for 

each model should be interpreted relative to the baseline measure of 5.79%.) 

5-9. HLM Model Coefficients and Variation Explained in Relation to Gain 

 χ00 
(Intercept) 

χ01 
(Lucent Effect) 

χ02 
(Inf. Learning Effect) 

Variation 
explained 

Lucent Model 0.032 
(.705) 

-0.042 
(.673) 

N / A 5.98% 

Time Model 
0.038 
(.669) 

-0.052 
(.625) 

-0.008 
(.732) 

6.11% 

Manage Model 
0.029 
(.741) 

-0.036 
(.728) 

0.008 
(.707) 

6.17% 

Content Model 
0.049 
(.596) 

-.071 
(.544) 

-.019 
(.554) 

6.09% 

 
The magnitudes of the coefficients are quite small and none are statistically significant.  

Thus, it appears that neither participation in Lucent Classes nor the informal learning 

measures are meaningfully related to a teachers’ mean gain.  Additionally, inclusion of 

informal learning measures does not appear to cause large changes in the visible effect of 

Lucent Classes.  The lack of relationships is consistent with the bivariate correlations, 

which showed no strong relationships to gain.  As expected, the percent of variation 

explained in each model is quite low.  The Lucent Model explains only 5.98% (again, 

compared to 5.79% with no independent variables), while inclusion of the informal 

learning measures does almost nothing to increase this amount (the Manage Model 

increases it the most, to 6.17%).   

 
C. Discussion 

The above analyses suggest that these informal learning measures are neither 

significantly related to many outcomes nor to relationships between the PD and the 

outcomes.  However, they are not meant to, nor do they, provide definitive or 

generalizable conclusions about the role of informal learning in teachers’ lives.  Rather, 

they provide an example of how to operationalize informal learning measures within 

analyses and interpret results.  The following continues this example by describing some 

limitations of the above analyses that could affect the results and their interpretation.  

Here, construct, internal, and external validity are addressed.   
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First, the exploratory nature of this work suggests that the constructs used might not 

measure precisely what is intended.  Since there is almost no past research (specifically 

regarding teachers) on which to build, it is difficult to know whether the above informal 

learning measures are good indicators of actual learning.  It is possible that these teachers 

are unable to accurately assess their own informal learning according to the scales used.  

If so, then the above analyses may be limited to describing the (non)effects of teachers’ 

perceptions of their informal learning, not the learning itself. 

 

Additionally, classroom practice measures and pre and post-tests may not perfectly 

measure the constructs of interest.  These classroom practice measures have not been 

formally tested, and thus, might not adequately capture important differences across 

LeTUS classrooms.  The potential problem with the unit tests is that test differences 

could make it difficult to meaningfully combine gains into one measure.  In particular, 

some tests address a set of skills and knowledge that are clearly tied to activities in the 

LeTUS unit, while others test more general science concepts.  However, it is very 

difficult to determine how much of each test focuses on each type of knowledge.  They 

were thus combined into one measure.  This, though, ignores any variation of Lucent 

Class and informal learning effects across tests.  For example, if one test were much more 

highly tied to the activities in the given unit, then Lucent Classes, which aid in 

implementation of the unit, might result in very high gains on that particular test.  

Similarly, the informal learning measures could potentially show greater or lesser effects 

for each test.  This is probably not the case here, however, since the mean gain of Lucent 

and non-Lucent teachers is not significantly different for any of the six units.135  As well, 

the mean gain of teachers with high scores of any informal learning measure is not 

significantly different than those with low scores (again, within each LeTUS unit).136  

The one exception is that the informal learning variable Manage is significantly 

                                                 
135 However, the number of teachers in each group for comparison tends to be quite small, meaning that 
statistical significance is extremely unlikely. 
136 For both Time and Manage, the teachers in each unit were sorted according to whether they scored 
above or below the average teacher score.  The mean gains of each group of teachers were then compared.  
For Content, the teachers in each unit were sorted according to whether they learned any science content.  
The mean gains of those who did were then compared to those who did not.   
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(positively) related to gains on the Global Warming test.137  It could be that the Global 

Warming test strongly focuses on particular activities of that unit, and that teachers with 

high Manage scores are more likely to effectively teach the particular details of that unit.  

However, there is no other evidence supporting this.  Further, besides this one case, there 

is little suggestion that relationships involving the PD or the informal learning measures 

are different from test to test.138   

 

The second issue of concern is internal validity, or the extent to which the results 

accurately depict the relationships of interest.   Because of the low number of 

observations considered (39 teachers), the primary concern is the sufficiency of the 

analytic techniques.  Here, correlational analyses, OLS regressions and HLM were 

used.139 

 

None of the three analytic techniques revealed many significant relationships.  However, 

it is possible that meaningful relationships simply couldn’t be detected with these models 

and data.  This is especially true of HLM models, which can require a large number of 

data points.  Looking at confidence intervals around regression coefficients can help 

determine the extent to which large effects might be going undetected.  When a 

confidence interval is very wide, it is possible that there are very large effects that the 

model does not capture.  Here, though, even the widest confidence intervals around 

coefficients in the HLM analysis are relatively narrow.  For instance, the HLM 

coefficient that represents the relationship between teachers’ science content learning and 

students’ gain (shown in Table 5-9) equals -0.019 (each additional point of Content is 

related to a 0.019 standard deviation decrease in mean gain).  The 95% confidence 

                                                 
137 The gain of teachers with above average scores of Manage are statistically significantly higher than 
gains of those with below average scores of Manage.  
138 It is worth noting that most of the non-Lucent teachers (10 of 14 total) taught one of two units – 
Behavior Matters and Global Warming.  Therefore, if Lucent Classes were less effective for the tests in 
those units, then the overall lack of a Lucent effect would be driven primarily by only those particular tests.  
Again, however, the mean gains of Lucent participants are not significantly different than those of non-
participants in those units.      
139 It would have been possible to use other techniques, such as structural equation modeling (SEM), to 
capture a chain of relationships, such as from teachers’ learning to classroom practices to students’ gain.  
However, due to the relatively small sample size and the exploratory nature of this analysis, SEM was not 
used. 
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interval is -0.082 to +0.044.140 141  With an extreme of 0.082 standard deviations, a very 

small effect size, this confidence interval can reasonably be considered very narrow.  

This suggests that the HLM models here are not failing to capture very large 

relationships.  In other words, it is unlikely that these informal learning measures are 

strongly related to any of the outcomes of interest. 

 

There are two other internal validity concerns.  One is the extent to which there are 

differences between Lucent and non-Lucent participants.  It may be that those who 

volunteer for Lucent are more motivated to improve their teaching than those who do not 

volunteer.  Alternatively, a “negative” volunteer bias might exist, where those teachers 

most in need of help in teaching inquiry science might have enrolled in the class.  If so, 

then the lack of an apparent Lucent effect could be due to the fact that those receiving the 

PD were previously the weakest inquiry teachers.  However, it is not clear that any 

volunteer bias exists here, since data are not available on how many teachers truly 

volunteered, how many were pressured by administrators, and how many were required 

to take Lucent Classes.  The only evidence of any bias is anecdotal data suggesting that 

many Lucent Class participants enrolled to receive the accompanying free laptop 

computer.  It seems unlikely, though, that wanting a laptop computer would somehow be 

uni-directionally correlated to students’ test gains, teachers’ practices, or other teachers’ 

characteristics.  In fact, some teachers wanted the computers because their schools could 

not afford new computers, while some wanted them so they could more easily integrate 

their lessons within their school’s high level of technological sophistication.  Some 

wanted them for professional, while others for personal, reasons.  Overall, there may be a 

bias influencing these results, though none that is uni-directionally related to the 

outcomes is obvious.  

 

The final internal validity concern is that the informal learning measures are somewhat 

correlated to participation in Lucent Classes.  Lucent teachers’ average scores of Time, 

                                                 
140 The standard error is 0.032.  The 95% confidence interval = (the point estimate) ± (standard error) * 
(1.96). 
141 This coefficient was chosen since the lower bound of -0.082 is the largest (absolute value) extreme of 
the confidence intervals for all three informal learning effects in Table 5-9.   
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Manage, and Content all are lower than those of non-Lucent teachers.  Of particular note 

is that the mean Content score of Lucent participants is significantly less than that of non-

participants.  This may dramatically influence the interpretation of the analyses showing 

how informal learning measures can affect the relationship of Lucent Class participation 

and the outcomes.  For example, since Lucent participants had lower scores on the 

informal learning measures, it might be that Lucent Classes actually aided those who 

most needed help with their teaching (assuming that informal learning actually does help 

one’s teaching).  If so, then it is possible that Lucent Classes are actually effective, but 

that those taking the Classes were less knowledgeable or skilled teachers.  However, if 

that were the case, then a Lucent effect should have been apparent when controlling for 

those informal learning measures.  The fact that the relationships involving Lucent Class 

participation are not significant suggests that the differences in informal learning of 

Lucent and non-Lucent participants do not compromise internal validity too greatly here.  

There may, however, be teacher differences that are not captured by these informal 

learning measures.  If so, these differences could alter any Lucent Class effect, but not be 

discovered using available data. 

 

The third concern regards external validity; it was addressed throughout Chapter 4, and is 

only briefly discussed here.  There are numerous possible differences between LeTUS 

and non-LeTUS teachers that could severely limit the generalizability of these results.  If 

LeTUS teachers were very different than other teachers in either their informal learning 

experiences or in how their learning affects their teaching, then the above results would 

be of limited use to the non-LeTUS context.   For instance, it is possible that LeTUS 

teachers have experienced more informal learning that non-LeTUS teachers.  (Perhaps 

those most willing to teach an inquiry science curriculum are also those who have the 

most science knowledge from informal learning.)  If so, then the non-effects found in the 

preceding analyses might be applicable only to this particular group of LeTUS teachers.  

Another possibility is that LeTUS teachers might be likely to report high amounts of 

informal learning, even when very little learning actually occurred.  (Perhaps, as inquiry 

teachers, they are overly eager to identify learning that occurs in non-traditional 

settings.).  If so, then LeTUS teachers’ ratings of their informal learning might be much 
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higher than non-LeTUS teachers, making analyses based on these measures of limited 

use to the broader education community.    

 

IV. Conclusion 

 

This chapter has engaged in two important tasks.  It has illustrated a framework by which 

informal learning can be important to teachers and students.  It has also engaged in 

analyses of some of the relationships that comprise this framework in order to illustrate 

how informal learning measures can be used.  Although these analyses reveal only a few 

significant relationships, these results should not deter future attempts to incorporate 

informal learning into teacher-based research.  The purpose of the analyses is not to 

prove that certain informal learning measures were significantly related to certain 

outcomes for this particular group of teachers.  Rather, they are meant to illustrate how 

informal learning measures that were captured by a survey can be operationalized within 

a quantitative analysis and how to interpret results.
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Chapter 6.  Future Research and Policy Recommendations 

 

I. Summarizing the Value of this Work 

 

This dissertation has generated multiple hypotheses regarding the nature and importance 

of informal learning experiences.  Rather than re-list each hypothesis offered in Chapters 

2, 4, and 5, the following summarizes some of the most important:  Teachers do appear to 

engage in informal learning, which can potentially be strongly related to their 

professional lives.  Experiences that occur as adults, such as non-teaching jobs and 

parental experiences, seem especially important.  These experiences are perceived as 

conferring a great deal of learning about pedagogical skills.  Past jobs and media use 

(especially reading) appear to cause some science content learning as well.  Experiences 

that occur earlier in life appear to enhance an individual’s interest in science and / or 

teaching, but do not seem related to specific content or pedagogical learning that is 

carried through to one’s teaching.  An exception is that learning from past teachers might 

directly affect current teaching practices.  All these experiences might be especially 

policy relevant because of their potential to affect teachers’ PD experiences, what 

teachers do in the classroom, and possibly students. 

 

These hypotheses build upon the literature described in earlier chapters by more greatly 

specifying the range of experiences in which teachers engage and how those experiences 

might affect many components of their professional lives.  For instance, the literature in 

Chapter 1 suggested that teachers do engage in informal learning, and that such learning 

might affect the effectiveness of their formal training experiences.  This dissertation 

supports this literature by also suggesting that teachers engage in informal learning.  

Perhaps more importantly, it advances this research by helping to specify the nature of 

the experiences and the resultant learning.   

 

This dissertation builds on both small-scale qualitative and large-scale quantitative 

research studies.  Much of the previous literature qualitatively analyzes the experiences 

of only a very small handful of teachers.  This dissertation moves that literature forward 
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by better identifying these experiences and their effects for multiple individuals (even 

though the number of teachers studied in this dissertation is not especially large).  The 

(rare) large-scale studies are built upon through a fuller specification of the experiences 

and the learning that occurred.  For instance, this research is able to build on Smylie’s 

work, which suggests the importance of teachers’ learning through personal study, by 

describing the content and frequency of their personal study. 

 

The value of this dissertation does not rest solely in the data collected and resultant 

hypotheses generated; the processes involved and artifacts created are also important.  In 

particular, the new data collection instruments can be building blocks for future research.  

The process of adapting non-teacher learning literature into the teacher context can guide 

identification of other under-utilized sources of information that are relevant to teacher 

learning.  The analysis of informal learning and PD data is useful for showing how 

informal learning measures can enhance PD research and evaluation. 

 

Despite the many important steps described above, future research is the key to ensuring 

the value of this dissertation.  This work has not reached definitive conclusions about 

teachers’ informal learning.  Rather, it has generated hypotheses, a task that is valuable 

primarily to the extent that it can guide future work.  The following thus describes how 

research can use the lessons from this dissertation to effectively continue to explore the 

field of teachers’ informal learning.   

 

II. Recommendations for Future Research 

 

Chapter 5 provided a framework summarizing hypotheses of how informal learning 

might affect teachers, their PD experiences, and their students.  Some of these 

relationships are particularly relevant to policy and should be the focus of future research.  

However, this dissertation has not definitively determined the types of informal learning 

experiences in which teachers engage or the learning that occurs.  Therefore, it would be 

a mistake to abandon this more general exploration for only research focusing on these 

hypothesized relationships.  Future research should therefore focus on two separate types 
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of research questions.  The first continues to generate hypotheses regarding the nature 

and importance of teachers’ informal learning experiences.  The second has a more 

focused scope, exploring specific relationships between informal learning and policy 

relevant outcomes. 

 

A. Continuing to Generate Hypotheses 

The process of generating hypotheses about informal learning should consist of (at least) 

two steps: identification of additional specific experiences and evaluation of the possible 

effects of those experiences.  Each is described below. 

 

1. Identifying Experiences 

Data from this dissertation suggest that familial experiences, past job learning, and 

learning from past teachers are likely to be very important sources of informal learning 

for teachers.  Volunteer experiences may be somewhat less so.  Due to difficulties in 

interpreting survey data (as described in Chapter 4), media use and museum visits, while 

possibly important, are difficult to judge.   

 

These, however, likely do not comprise a complete set of teachers’ most frequent or most 

important informal learning experiences.  The number of teachers in this group might not 

be large enough to identify the full range.  Or, the uniqueness of LeTUS teachers might 

mean that they are unlikely to have engaged in certain informal learning experiences, 

which are thus not identified here.  Thus, future research should attempt to identify other 

important experiences.  The guiding principle for consideration of new experiences 

should be whether participation is likely to cause learning that somehow affects teachers’ 

professional lives, such as through their classroom practices or their PD choices.  If an 

experience is likely to cause such learning, then it has the potential to be highly policy 

relevant.  However, determining causation can be difficult.  Some experiences that are 

associated with higher levels of teacher knowledge and skill might not actually cause that 

knowledge and skill.  Many may simply be “evidence of interest.”  For example, teachers 

who frequently attend science museums may not engage in much new learning there, but 

enjoy going because of their already existing interest in and knowledge of science.  This 
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dissertation attempted to address this by asking teachers to describe learning that was 

explicitly caused by the experience.  However, they may be unable to accurately judge 

causation.  For instance, a teacher could volunteer for the Sierra Club because she already 

knows and is passionate about the environment.  If her experience were a positive one, 

she might have engaged in very little learning, but report that significant learning did 

occur, possibly mistaking enjoyment for learning.   

 

It is therefore important for future research to be aware of this potential complication and 

to ensure that it is thoroughly considered whenever any experience is explored.  There are 

no strict guidelines that can govern this choice.  Rather, each experience should be 

considered on its own merits, and a judgment decision will need to be made whether it is 

more likely to cause learning or simply be “evidence of interest.”   

    

2. Identifying the Impact of Experiences 

Understanding the potential effects of informal learning is a fundamental component of 

identifying important experiences.  As such, understanding the range of possible 

outcomes of these experiences is a crucial component of future research.  These outcomes 

should continue to be explored for some of the experiences that were probed in this 

dissertation, as well as for any new experiences that are identified.  The following 

discussion offers guidance regarding this exploration.   

 

Impacts should be explored through a detailed analysis of whether and how participation 

affects learning and whether and how that learning affects teacher behavior and / or the 

greater educational environment (such as students).  A robust understanding of each of 

these variables is vital to being able to engage in analysis that can reveal the causative 

effects of informal learning.  Important facets of participation include: the kinds of 

activities in which the teacher was engaged, the context or location in which the 

experience took place, the duration of the experience, the point in the teacher’s life during 

which it took place, and others.  For instance, in this research, teachers’ reading was not 

explored in great detail, resulting in only very general conclusions, such as “these 

teachers read a significant amount, and mostly about science content.”  If more were 
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known about the kinds of things that comprise teachers’ reading (such as the motivation 

or the duration), then a survey could better differentiate among readers and facilitate 

more detailed, informative comparisons of their resultant learning.  This, in turn, can lead 

to more meaningful conclusions about the causative nature of informal learning.  Though 

this research attempted to do this for all five experiences, it likely would have been more 

successful by probing more detail of the many dimensions that can constitute 

participation.  

 

Second, it is necessary to understand more about what was actually learned, and not just 

what the teacher believes was learned.  The data collected in this research focus on 

teachers’ perceptions of their informal learning, a very subjective measure.  Here, even 

though the LeTUS teachers claim that past job experiences have taught them certain 

pedagogical skills, it is difficult to assess whether they actually engaged in the learning.  

Addressing this issue is likely to be difficult and will require that future research 

incorporate work by learning experts, such as cognitive theorists, psychologists, and 

learning scientists.142   

 

Third, future research needs to fully identify outcomes of informal learning, including the 

effects on teachers’ knowledge, behavior, and other relevant areas (such as students).  

The framework shown in Chapter 5 illustrates that informal learning might cause changes 

in teachers’ knowledge, skills, and possibly their behavior.  If the learning from an 

experience only causes learning to occur, but not changes in behavior, then the learning 

might be relevant only insofar as it relates to the acquisition of other knowledge (such as 

via PD interactions described in Chapter 1).  If changes to teacher behavior do result, it 

will be especially important to understand the nature of those changes and how they are 

manifested.  For instance, this dissertation has offered ways by which informal learning 

might affect teachers’ classroom practices or their PD choices.  Better understanding the 

                                                 
142 Even if teachers prove to be accurate judges of their own learning, it may not be the case that the 
material learned is appropriate for the particular educational setting.  For instance, teachers who claim to 
have learned about classroom management through past jobs may actually have learned techniques that are 
appropriate for adults, but that contradict prevailing beliefs about effective management of children.  
Again, experts from other domains, such as developmental psychology, could play an important role in 
determining whether teachers’ informal learning is appropriate for the classroom.     
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nature of these outcomes (such as how classroom practices can change) is vital to 

understanding the importance of the informal learning experiences.  

 

Developing a better understanding of the above variables (participation, resultant 

learning, and other effects) and their interrelationships is likely to require more than just 

survey work.  Because of the high level of detail required, interviews, case studies, and 

qualitative analyses may be necessary.  For instance, understanding the effects of 

informal learning on a teacher’s classroom might be best done via discussions with 

teachers about choices they have made regarding their classroom practices.  These could 

range from large-picture decisions, such as their curriculum choices, or more detail-

oriented decisions, such as how to present a given lesson.  Regardless, the goal of this 

exploration should be to trace teachers’ behaviors back to the resultant learning, and then 

back to the source of that learning.  As these qualitative methods are used, they should 

still focus on enabling development of large-scale data collection instruments, such as 

surveys, so that quantitative methods can be used for more generalizeable analyses. 

 

B. Focusing on Specific Policy Relevant Relationships 

Future research should also explore some of the specific relationships that were 

hypothesized by this dissertation.  Three policy relevant relationships, shown in the 

framework in Chapter 5, merit more in-depth research.  They are: whether knowledge of 

teachers’ informal learning experiences can be used to improve PD, whether informal 

learning affects teachers’ classroom practices, and whether informal learning affects 

students’ achievement.  Each is discussed below.      

 

1. Using Knowledge of Informal Learning to Improve PD 

Chapter 1 hypothesized that consideration of teachers’ informal learning might help 

improve the quality of PD experiences in two ways – through better PD design and better 

PD choices.  This dissertation has neither confirmed nor negated these hypotheses.  

However, now that more is known about the nature and effects of informal learning, 

future research can begin to address whether PD can actually be better designed and 

whether teachers can be encouraged to select more appropriate PD for their particular 
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needs.  In particular, research should focus on identifying barriers to PD improvement 

and the extent to which they can be overcome.   

 

One possible barrier that can be explored is that PD designers are not always able to 

design with a particular group of teachers (and thus, their level of expertise) in mind.  

More effective PD design can occur when designers are aware of participants’ expertise 

and learning needs.  For example, the inquiry science teachers in this research claim that 

certain informal learning experiences (such as past jobs and volunteering) have taught 

then more pedagogical, rather than science-specific, skills and knowledge.  Thus, an 

effective next inquiry science PD program for them might focus more so on science-

specific, rather than general pedagogical, skills and knowledge.  However, teacher 

populations can be highly unstable, making improved design potentially difficult.  For 

instance, although LeTUS PD is designed for LeTUS teachers, there is no fixed group of 

LeTUS enacters, since there can be high semester-to-semester turnover among those who 

choose to teach from the curriculum.  On the other hand, there are some instances where 

PD is designed for a “fixed” group.  For example, the largest district in Illinois, the 

Chicago Public Schools (CPS), has recently implemented an initiative to recruit new 

teachers out of other occupations.  As CPS trains these new teachers, they develop and 

implement professional development services for only this particular group.143  In cases 

like this, where the teachers are “fixed,” it might be possible to gather data about them 

and determine the knowledge and skills they already have, and what they need.  Future 

research can attempt to identify and study groups of teachers that tend to be stable.  It can 

then explore how lessons learned from those groups can be used to encourage stability in 

other groups.      

 

A second possible barrier is that PD designers need a mechanism by which they can 

become aware of participants’ informal learning.  They could simply ask future 

participants to complete questionnaires.  However, this might be overly burdensome, 

outside the scope of designers’ expertise, and significant time could pass between 

                                                 
143 Their mechanism for this is the Academy of Urban School Leadership.  More can be read about them at 
www.ausl-chicago.org.  
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participant questioning and completion of PD design (possibly resulting in dramatically 

different teacher populations).  Therefore, modes of effective and timely information 

sharing should be explored.  (Possible solutions are discussed later in the section on 

policy recommendations.) 

 

Future research should also explore barriers to using knowledge of informal learning to 

encourage better PD choices.  In theory, a teacher who takes into account her past 

informal learning might be able to more rigorously judge her own learning needs and thus 

to select PD programs that focus on those needs.  However, it is not clear that teachers 

are currently unable to do this appropriately.  Perhaps science teachers who have 

relatively little science content knowledge are fully aware of this “deficiency” and make 

PD choices accordingly.  Notably, there is some evidence that professionals engage in PD 

that is most interesting, not most needed.  Research should attempt to identify the extent 

to which this is true with public school teachers by exploring their motivation for their 

PD choices.  By doing so, it can identify the teachers are most likely to need guidance in 

choosing PD and how best to guide them.   

 

Finally, one potentially significant barrier may impede both better PD design and better 

PD choices: determining what training is actually needed might be very difficult.  First, a 

teacher’s deficiencies may not be readily identifiable.  A teacher who believes that she 

can effectively manage students’ laboratory experiments might actually not be very 

effective.  Second, even if a teacher’s deficiencies were easily identifiable, it might not be 

the case that she would need the most training in those areas.  Not all knowledge and 

skills are equally important to teaching.  Thus, if a teacher were very skilled or 

knowledgeable in an area that is extremely important to successful teaching, then her 

most effective PD might emphasize that same area.  For instance, if a teacher knew a 

great deal of science content, but not how to use a computer, effective PD would not 

necessarily focus on computer skills in lieu of science content.  Perhaps that teacher’s 

teaching style or chosen curriculum would more greatly benefit from deeper science 

content knowledge than from technological savvy.  Future research, therefore, should 

explore the processes of how to determine which skills and knowledge bases are most 
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crucial to teachers’ success and how to weigh those against teachers’ existent knowledge 

bases.  Though possibly quite difficult to identify “most crucial” knowledge and skills, 

careful consideration of teachers’ and schools’ curricula and educational goals might 

provide significant guidance.  

 

2. Examining the Relationship Between Informal Learning and Teachers’ 

Practices 

One of the most important hypotheses generated in this dissertation is that teachers feel as 

though their informal learning experiences can influence what they do in the classroom.  

If such a relationships truly exists, then students might be directly affected.  For instance, 

some feel that being a parent offers valuable lessons on how to effectively present lessons 

to children; others believe that past jobs have helped them learn classroom management 

skills.  Since many consider students’ learning as the most important outcome of 

teachers’ learning, determining the effect of informal learning on classroom practices can 

be highly policy relevant.  However, it is also likely to be quite difficult, especially since 

PD research has historically not been able to consistently relate PD experiences to 

teaching practices.  In fact, just creating measures of classroom practices can be an 

extremely difficult task.  This dissertation cannot make suggestions about how to better 

conduct research on the links between teachers’ learning and classroom practices.  

Rather, it recommends that informal learning measures be included in such research.     

 

One facet that should be explored is the “desirability” of any change in classroom 

practices.  Some changes could be perceived as enhancing, while others as detracting, 

from classroom effectiveness.  For instance, teachers who believe that their parenting 

experience enables an understanding of children’s short attention spans might, in fact, be 

better managers of an inquiry science classroom.  (Perhaps they adeptly facilitate an 

environment in which children do not become bored.)  However, in doing so, that same 

teacher could compromise the integrity of inquiry science by cutting short the process 

during which students are supposed to struggle with difficult questions.   
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This potential variation in outcomes necessitates detailed research on the link between 

informal learning and classroom practices.  The methods used should mirror the process 

of identifying the participation-to-learning-to-effects links described towards the 

beginning of this chapter.  This level of detail will enable a better understanding of the 

changes in classroom practices and the motivations behind them.  It can also allow for an 

assessment of the “desirability” of any change in classroom practices. 

 

3.  The Relationship Between Informal Learning and Students’ Achievement 

The effect on students is an important part of the informal learning-classroom practice 

relationship.  As has been described many times herein, students’ achievement can be 

considered the ultimate measure of education and teacher learning policy.  However, 

establishing a connection between informal learning and students’ achievement may 

prove very difficult.  To date, PD research has not been able to consistently relate PD 

experiences to measures of students’ achievement, suggesting that analyses of informal 

learning might face similar non-results.  Again, this dissertation does not offer new ways 

for research to analyze student achievement; rather, it recommends using measures of 

informal learning within that research. 

 

Three questions should be explored in the informal learning-students’ achievement 

relationship: are the informal learning experiences of high-achieving students different 

than those of lower achievers; if so, does informal learning cause those achievement 

differences; and if so, how does it cause achievement differences?  (The last question of 

“how” might overlap with the analysis of informal learning on classroom practices, 

discussed in the previous section.)  This research should be done for both large and small 

teacher and student populations.  The larger the population of students and teachers 

considered, the more statistically powerful an analytic model can be.  However, larger 

populations are likely to be more diverse than smaller populations, increasing the 

difficulty of the analysis in pinpointing why informal learning causes achievement 

differences.  Smaller populations (such as teachers and students involved in an identical 

curriculum) are more appropriate for exploring the nature of the relationship.  For 

instance, limiting one’s analysis to the LeTUS curriculum might reveal that teachers with 
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past science-specific jobs have students with higher achievement.  Further analysis could 

show that increased achievement is due to a specific classroom practice that would not be 

identifiable in very large, diverse groups of teachers.  Of course, limiting populations to 

smaller contexts will make the quantitative analyses less able to detect relationships 

between informal learning and students’ achievement.  Thus, research of varying scopes 

is likely to be important to determining the extent and the nature of any true relationship.  

 

C. Summary of Future Research 

In sum, there are four distinct directions that future research can take to better understand 

teachers’ informal learning.  The first is to continue to generate hypotheses about the 

experiences probed in this dissertation and those that were not addressed here.  The 

others focus on specifically policy relevant outcomes, including the use of knowledge of 

informal learning to improve teachers’ PD experiences, the effect of informal learning on 

teachers’ practices, and the effect of informal learning on students’ achievement.  

Together, these four represent a solid beginning for future research.  It is likely that the 

first of these – continuing to generate hypotheses – will offer new, important directions 

for other research.  As these are discovered, they, too, should be incorporated into future 

research.   

 

III. Policy Recommendations 

 
It would not be reasonable to suggest dramatic changes in policy based on the hypotheses 

generated in this dissertation.  Since the value of hypothesis generation lies in guiding 

future research, this work strongly recommends funding for the above-described research.  

Other policy recommendations, described below, are based on the assumption that future 

research begins to formally test some of these hypotheses, thus answering some of the 

many hypotheses and questions offered within this dissertation. 

 

A. Improving PD Experiences 

If research finds that PD can be improved through consideration of teachers’ informal 

learning, then such improvement should be facilitated.  PD designers should design 
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programs targeted to specific teacher populations and schools / districts should encourage 

teachers to engage in PD that most highly focuses on their particular needs.  To maximize 

efficiency gains, designers and schools / districts should work together to ensure that the 

target teachers are enrolling in the most appropriate PD programs.   

 

The improvement of PD experiences requires multiple steps.  First, PD designers need a 

way by which they can become aware of teachers’ informal learning experiences and the 

resultant learning.  One possible mechanism is through state data collection efforts.  

Currently, Illinois collects data on teachers at multiple times during their career – at 

initial certification (through background information collection), and at every five-year 

interval (when recertification plans must be submitted).  Illinois could add a series of 

questions or a separate survey to these current efforts in order to determine teachers’ 

informal learning experiences.144  This information can then be provided to schools or 

districts, which can make the information available to PD designers.  Importantly, some 

teachers could perceive questions about past experiences and their personal lives an 

intrusion of privacy.  Thus, it would be important to balance the need for the information 

sought with the likely privacy concerns that could arise. 

 

Second, PD programs should be targeted to teacher populations that do not radically 

change over short periods of time.  The less stable the teacher population, the more 

difficult it will be for PD designers to tailor their programs to particular groups.  

Unfortunately, it may be very difficult to enhance the stability of any given teacher 

population.  Instead, school districts might only be able to ensure that PD designers are 

kept informed of teacher retention and turnover rates and trends, and thus are as fully 

informed as possible about the characteristics of the teacher population at any given time.  

If the research described earlier can identify ways to increase stability of groups of 

teachers, then such measures could be implemented.    

 

                                                 
144 Probing experiences on a continuous, per-individual basis can also help fuel research on informal 
learning by providing longitudinal measures, thus enabling better analysis of any causative effects. 
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Third, teachers must have free access to information about each PD program in order to 

best understand their range of opportunities.  This would be easily accomplished through 

a district or school-maintained database of all approved PD programs.  The database 

could be online and should be easily accessible.  It should include very specific 

information about the intended teacher learning outcomes and the group for whom the 

PD is intended.  If research is available about the effectiveness of a particular program 

(either in general or for teachers with certain pre-existing knowledge or skill bases), it, 

too, should be made available. 

 

Fourth, a mechanism must exist to enable schools or districts to encourage teachers to 

evaluate their own learning needs and match them to appropriate PD.  In Illinois, Local 

Professional Development Committees (LPDCs) could play an important role in this 

respect.  Chapter 1 described how LPDCs are already responsible for developing, 

reviewing, and monitoring teachers’ recertification PD plans.  They could be asked to pay 

particular attention to the development component by helping teachers rigorously identify 

their true training needs.  Ideally, each teacher would spend time with a knowledgeable 

LPDC member in order to best identify training needs and appropriate PD programs.  

This may, however, be very expensive; resource constraints might prevent all teachers 

from having one-on-one meetings with a knowledgeable individual.  If so, then the 

LPDCs and schools could attempt to identify those teachers most likely to benefit from 

this process and focus efforts only on them. 

 

Even if feasible, this mode of PD improvement might be a long way off.  The education 

community would need to more fully understand the effects of informal learning, how 

(and whether) it could be used to design better PD, and how (and whether) teachers can 

be reasonably matched to PD programs based on their learning needs. 

 

B. Encouraging Teachers To Engage in Informal Learning 

If research finds that teachers do learn valuable knowledge and skills through informal 

learning experiences, then it might be reasonable to encourage participation in those 

experiences.  For instance, if teachers engage in valuable learning through volunteering in 
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the community, then encouraging teachers to volunteer might result in more 

knowledgeable, skilled teachers. 

 

However, there are two very important caveats to this recommendation.  First, research 

would need to establish that the informal learning in question actually caused positive 

outcomes, such as increased students’ achievement, or “good” classroom practices.  

Merely establishing that teachers perceive that they engage in valuable learning should 

not be conclusive enough to effectuate changes in policy.  Second, an experience that 

provides valuable learning for some teachers would not necessarily provide valuable 

learning for all teachers.  In fact, it is quite likely that teachers engage in many informal 

learning experiences because they want to.  For instance, a teacher might read from a 

science journal because she is interested in a particular article.  Encouraging others who 

would not otherwise be interested in the article might not cause them to engage in any 

meaningful learning.  Valuable learning might occur only if the teacher is allowed to 

choose her own informal learning experience.145       

 

If this recommendation were deemed appropriate, then the state could encourage teachers 

to participate in informal learning by allowing them to participate in informal learning 

experiences instead of PD (perhaps by offering PD credit for those experiences).  It might 

be very difficult to encourage teachers to engage in activities in addition to PD.  

However, accepting informal learning in lieu of PD could result in a decrease in teacher 

training quality, especially if the informal learning experience was not as effective as the 

PD.  Therefore, the state would need to balance the benefits of informal learning with the 

detriment of less participation in formal PD.  This recommendation is directly dependent 

on research finding that informal learning can contribute to a teacher’s learning in ways 

that otherwise available PD does not.    

 

                                                 
145 Even allowing teachers to choose their informal learning experiences might not be effective.  Many may 
not recognize the experiences in which they are likely to engage in valuable learning.  Further, some 
individuals might not engage in valuable learning in any informal learning experience.   
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C. Using Informal Learning to Guide Recruiting Efforts 

The third and final policy recommendation would be to use teachers’ informal learning to 

guide teacher recruiting.  If research finds that certain types of experiences cause valuable 

learning, then it might be appropriate to attempt to lure participants into teaching.  For 

instance, this dissertation suggests that teachers with science-specific jobs believe they 

have learned a significant amount of science content, lab skills, and pedagogy.  If future 

research were to find that this learning truly occurs, then recruiting teachers from science-

specific jobs might be highly beneficial.  These teachers might be more highly skilled 

than those who have not engaged in informal learning, meaning that they might not need 

as much formal training, or be able to do more with the same formal training. 

 

One caveat described above also applies here.  Research would need to show that the 

resultant informal learning actually causes positive outcomes for teachers or their 

students.  If shown, then a state or district with staffing needs might reasonably look for 

future teachers within certain informal learning experiences.  Because those teachers 

would have already acquired teaching-relevant knowledge and skills, then those 

experiences could be valuable sources of effective teachers.  This might improve teacher 

recruiting by both expanding the pool of potential teachers and focusing efforts on those 

who are most ready to teach.  Of course, this recommendation might be more applicable 

to some informal learning experiences than others.  It may be easy to locate individuals in 

some experiences, like science-related jobs or those who are parents; it may be much 

harder to identify those in other experiences, such as reading science journals.  

 

IV. Conclusion 

 

This dissertation has strongly suggested that teachers’ informal learning is an important 

part of teachers’ professional lives.  It might cause differences in the effectiveness of PD, 

differences in teachers’ knowledge or behaviors, and differences in students’ educational 

experiences.  As such, it has the potential to be highly relevant to education and teacher-

related policy.  Using the hypotheses generated within, future research should continue to 

develop a more complete understanding of teachers’ informal learning.  This research, in 
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turn, ideally can fuel new policy initiatives that can improve teachers’ training, the 

quality of teachers in the classroom, and the education that is delivered to students.      
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Appendix A. The Interview Protocol 
 
The following shows the three components of the interview protocol described in Chapter 

2.  The prompts shown are examples of the types of questions that were asked.  Few 

interviews actually involved all prompts shown, as teachers typically answered multiple 

questions from one prompt. 

 
The first part attempts to get teachers to describe how they teach science. 
 
Prompts include: 
• Please describe how you teach science. 
• What kinds of things do you emphasize in the classroom? 
• How do you emphasize them? 
• Do you have a philosophy of how best to teach science? 
• If I were to come in here every day for a year and observe your class, what would 

make it the same / different from other classrooms? 
• What goals do you have for your students? 
 
The second part attempts to get teachers to describe their important informal learning 
experiences, related to science. 
 
Prompts include: 
• I’m curious about some of the experiences over the course of your life that have 

taught you valuable lessons about how to teach science.  Can you identify some of 
them? 

• Can you think of an important experience from when you were a [child / adolescent / 
adult]? 

• What did you take away from it that you feel is relevant to teaching science? 
• Can you trace any of your current teaching practices back to these experiences? 
• What do you feel is the most important experience you had relating to your teaching 

experience? 
• What experience do you feel had the greatest [positive / negative] impact on your 

teaching? 
 
The third part attempts to get teachers to describe facets of formal training they believe to 
be highly effective. 
 
Prompts include: 
• Please take me through the chronology of how you became a teacher. 
• What experiences during all of your training were especially valuable?  Why? 
• What do you feel were the deficiencies in this process? 
• What do you feel are the most important things for new science teachers to learn? 
• What do you feel are the most important things for in-service science teachers to 

learn?
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Appendix B. The Survey 

 

The following is the text of the survey itself.  Teachers were given more room to answer 

open-ended questions on the actual survey. 

 
Section I. Important Development Experiences 

 
This set of questions is meant to explore various activities in which you have engaged over the 
course of your life that are not directly part of your teaching or teacher training.  They are included 
here so that we can better understand various life experiences you have had other than your pre-
service training and professional development.   

 
1. Please identify three experiences other than your teacher training (coursework,  student 

teaching, professional development etc.) that you feel have had the most influence on the way 
you teach.  These can be at any point in your life.  They can be single or prolonged events, 
relationships, or any other experience you feel has been influential on your teaching.   

 
Experience #1 (Most Influential): _________________________________________________________ 
 
Experience #2 (Another One):  _________________________________________________________ 
 
Experience #3 (Another One): _________________________________________________________ 
 

2. Please briefly describe why each experience was influential.  Specifically, describe what you 
learned from or got out of the experience, and how and if that translates into what you do in 
your classroom.  Feel free to include other details and to write on the back of this sheet. 

 
Experience #1: 
 
Experience #2:   
 
Experience #3: 
 
 

Now, please consider the time since you turned 21 years old. 
Answer #3 through #9 for that time period only. 

 
3. How many full or part-time jobs have you held in that time, other than being a teacher? 

 

Circle only one. 

0 jobs 1 If “0” skip to Q10 

1-2 jobs 2 

3-4 jobs 3 

5 or more jobs 4 

If 1 or more, 

continue to Q4 
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4. How many total years did you spend working in those jobs? 
 

Circle only one. 
0-1 years 1 

1-2 years 2 

3-4 years 3 

5 or more years 4 

 
 

5. How long ago was the last non-teaching job you held? 
 

Circle only one. 
More than 10 years ago 1 

5-10 years ago 2 

3-5 years ago 3 

0-3 years ago 4 

 
 

6. What is the total amount of time you have spent working in non-teaching jobs that: 
 

Circle one number in each row 0 years 
>0-2 
years 

2-5 
years 

5-10 
years 

More 
than 10 
years 

Require you know and use science content? 1 2 3 4 5 

Require you know and use science laboratory skills? 1 2 3 4 5 

Require you know and use computer-based or 
similar technology? 

1 2 3 4 5 

 
 

7. Please now consider your past non-teaching jobs as a whole.  To what extent do you feel that 

working in these jobs contributed to your acquisition of new knowledge and skills? 

 

Circle only one. 

Not at all 1 

A little 2 

Somewhat 3 

A lot 4 
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8. Continue to consider your past non-teaching jobs as a whole.  To what extent do you feel 

that working in these jobs contributed to your acquisition of new knowledge or skills 
regarding the following? 

 

Circle one number in each row Not at all A little Somewhat A lot 

Science content 1 2 3 4 

Science laboratory skills 1 2 3 4 

Computer-based or similar technology 1 2 3 4 

How to become organized 1 2 3 4 

How to speak in front of people 1 2 3 4 

How to explain concepts to other people 1 2 3 4 

How to manage people 1 2 3 4 

 
9. Please write any comments that you feel would clarify your experience with or the 

importance of your past non-teaching jobs.  Feel free to write on the back of this paper.   
 
 
 
 
 

Questions #10 through #13 refer to your in-school science education and teachers from 
when you were a student, before you began training to be a teacher.  Even if you 
cannot remember these classes or teachers very well, please answer these questions 
to the best of your ability.   

 
10. Consider your in-school science education before you began college.  To what extent did it 

involve:  
 

Circle one number in each row Not at all A little Somewhat A lot 

Working collaboratively with other students? 1 2 3 4 

Engaging in experiments as a way to answer questions? 1 2 3 4 

Engaging in in-class activities that were student-directed? 1 2 3 4 

Planning investigations to solve questions? 1 2 3 4 

Listening to lectures? 1 2 3 4 

Working out of textbooks? 1 2 3 4 

Working individually? 1 2 3 4 

 



Appendix B 

 150

 
11. Are there science teachers you had when you were a student whom you model your teaching 

after?  (NOT teachers for whom you student taught.)  If so, how important to your teaching 
is it?   

No 1 If “No” skip to Question 13 

Yes, not very important 2 

Yes, somewhat important 3 

Yes, very important 4 

If “Yes” continue with Question 12 

   
12. To what extent do you model your teaching after those teachers in the following areas? 
 

Circle one number in each row Not at all A little Somewhat A lot 

Determining the classroom’s physical environment 
(arrangement of desks, pictures on walls, etc.)? 

1 2 3 4 

Your use of experiments? 1 2 3 4 

Your use of hands-on projects? 1 2 3 4 

Your use of classroom demonstrations? 1 2 3 4 

Your use of texts or other written material? 1 2 3 4 

Your personal interactions with students (answering 
questions, getting students’ attention, etc.)? 

1 2 3 4 

Determining the sequence of tasks throughout a lesson? 1 2 3 4 

Assessment techniques? 1 2 3 4 

Other (specify)__________________________________  2 3 4 

 
13. Please write any comments that you feel would clarify the importance of your past teachers 

on your current teaching.  Feel free to write on the back of this paper. 
 
 
 
 

 
14. In the last five years, how many times have you visited science museums, zoos, aquariums, 

science centers, or similar institutions for the following purposes? 
 

Circle one number in each row 0 1 – 2  3 – 5 
More 
than 5 

School field trips 1 2 3 4 

Professional development activity 1 2 3 4 

Non-teaching reasons (such as personal enrichment / 
enjoyment) 

1 2 3 4 

Other (specify): _________________________  2 3 4 
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If you marked “0 times” (far left column) for every item, please skip to Question 19.  
Otherwise, continue to Question 15. 
 

15. For your visits to a museum, science center, etc. in the last five years, what is the average 
amount of time that you have spent engaged in the content (viewing or interacting with 
exhibits, reading, watching films, etc.)? 

 

Circle only one. 

0 – ½ hour 1 

½ - 1 hour 2 

1-2 hours 3 

More than 2 hours 4 

 
16. During these visits, how frequently did you do the following?  

 

Circle one number in each row Never Rarely Occasionally Often 

Listened to a museum guide or expert discuss an 
exhibit or otherwise explain scientific phenomena 

1 2 3 4 

Used self-guided learning aids, such as audio tours, 
guide books, brochures, or worksheets 

1 2 3 4 

Observed scientific phenomena in their naturally 
occurring environment  

1 2 3 4 

Explained the exhibit or phenomena to someone 1 2 3 4 

 
 

17. To what extent do you feel that these visits have contributed to your acquisition of new 
knowledge or skills regarding the following? 

 

Circle one number in each row Not at all A little Somewhat A lot 

Science content 1 2 3 4 

How to present science lessons in your 
classroom 

1 2 3 4 

How to explain concepts to others 1 2 3 4 
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18. Please write any comments that you feel would clarify your experience with or importance of 
attending science museums, science centers, etc.  Feel free to write on the back of this paper. 

 
 
 
 

 

19. In the last five years, how many of the following types of groups have you been a member of 
or worked for as a volunteer?  (If you believe a group could be classified in more than one 
category below, please choose only the ONE below that best describes the group’s purpose.)  
For each type of group that you have been involved with, please list the name or type of at 
least one of the groups you’ve been involved with to the far right. 

 

Circle one number in each row 0 1-2 
3 or 
more Name or type of group 

Interest (hobby, sport, crafts, etc.)  1 2 3 
 

Service (health, family, welfare, social service areas, 
etc.) 

1 2 3 
 

Advocacy (political, “pressure group,” social causes, 
etc.) 

1 2 3 
 

Social (where you meet new people, entertain, foster 
friendships, etc.) 

1 2 3 
 

Community (development, activity in a local region, 
etc.) 

1 2 3 
 

Vocational non-teaching (fostering your own skills or 
knowledge in a particular trade or profession) 

1 2 3 
 

Other (please explain 
____________________________) 

 2 3 
 

 
If you marked “0 groups” (far left column) for every item, please skip to Question 25.  
Otherwise, continue to Question 20. 
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20. In the last five years, how many days have you spent engaging in activities as a member or 

volunteer in any of the following groups?  Consider 1 day to be a day during which you 
spent any time engaged in activities with the group.   

 

Circle one number in each row 0 
days 

1-5 
days 

6-15 
days 

16-30 
days  

31-50 
days 

Over 
50 

days 

Interest (hobby, sport, crafts, etc.)  1 2 3 4 5 6 

Service (health, family, welfare, social service areas, etc.) 1 2 3 4 5 6 

Advocacy (political, “pressure group,” social causes, etc.) 1 2 3 4 5 6 

Social (where you meet new people, entertain, foster friendships, 
etc.) 

1 2 3 4 5 6 

Community (development, activity in a local region, etc.) 1 2 3 4 5 6 

Vocational non-teaching (fostering your own skills or knowledge in 
a particular trade or profession) 

1 2 3 4 5 6 

Other (please explain _____________________)  2 3 4 5 6 

 
21. How long ago did you last participate in any activity for any of these groups? 

 
Circle only one. 
More than 10 years ago 1 
5-10 years ago 2 
3-5 years ago  3 
1-3 years ago 4 
2 months - 1 year ago 5 
Within the last 2 months 6 

 
22. To what extent did (or does) your participation with these groups: 

 

Circle one number in each row Not at all A little Somewhat A lot 

Involve science content? 1 2 3 4 

Involve science laboratory skills? 1 2 3 4 

Involve computer-based or similar technology? 1 2 3 4 

Require you be well organized? 1 2 3 4 

Require you speak in front of groups of people? 1 2 3 4 

Require you explain concepts to others? 1 2 3 4 

Require you manage others? 1 2 3 4 
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23. Please now consider your participation with these groups as a whole.  To what extent do you 

feel that your participation contributed to your acquisition of new knowledge or skills? 
 

Circle only one. 
Not at all 1 
A little 2 
Somewhat 3 
A lot 4 

 
24. Continue to consider your total participation with these groups as a whole.  To what extent 

do you feel that your participation contributed to your acquisition of new knowledge or 
skills regarding the following? 

 

Circle one number in each row Not at all A little Somewhat A lot 

Science content 1 2 3 4 

Science laboratory skills 1 2 3 4 

Computer-based or similar technology 1 2 3 4 

How to become organized 1 2 3 4 

How to speak in front of groups of people 1 2 3 4 

How to explain concepts to others  1 2 3 4 

How to manage others 1 2 3 4 
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25. In the following table, please indicate how frequently you have read about or watched TV 

about the topics listed across the top of the table in the last two years.  For each cell, please 
circle the number that corresponds to how frequently you engaged in that activity regarding 
that content.  Use the following scale: 

1 = Never 4 = 6-12 times / year 
2 = 1-3 times / year 5 = More than 1 time / month 
3 = 3-6 times / year  

 
For example, if over the last two years, you have read a journal regarding science content 6 times per year, 
you would circle “3” in the first cell below. 
 

Answer for EVERY CELL Science content 
Teaching 
practices 

Technology 
Other education 

issues 

Read an article, journal, or 
other text about: 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Read / found material on the 
Internet about: 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Watched a TV program or 
video about: 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

 
 

If you marked “1” (for “Never”) for every item please skip to Survey Section II.  Otherwise continue to question 26. 
 

26. In the following table, please indicate how much each activity has contributed to your 
acquisition of new knowledge or skills.  Use the following scale: 

 
1 = no influence 3 = some influence 
2 = a little influence 4 = a lot of influence 

 
For example, if reading journals has had “a little influence” on contributing to your new knowledge or 
skills about science content, you would circle “2” in the first cell below. 
 

Answer for EVERY CELL Science content Teaching practices Technology 
Other education 

issues 

Reading an article, journal, 
or other text about: 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Reading / finding material 
on the Internet about: 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Watching a TV program or 
video about: 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
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Appendix C.  Survey Response Data 
 
A. Museum Learning 
 
The following graphs are referred to in the section on museum learning in Chapter 4.  

They describe museum attendance, participation in museum activities, and the amount of 

time spent at museums. 
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Figure C-1 

Participation in Musuem Activities
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Figure C-2 
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Amount of Time Spent at Museums
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Figure C-3 

 
 
B. Volunteer Learning 

The following graph and table describe components of volunteer learning, referred to in 

Chapter 4. 

Volunteer Involvement with Specified Skills /
Knowledge (only for those with at least "a 

little" involvement)
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Figure C-4 
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Table C-1.  Correlation Between Time Spent in Volunteer Organizations  
and Learning Outcomes 

 
Overall 

Learning 
Science 
content 

Lab 
Skills 

Tech. 
How to be 

better 
organized 

How to 
speak in 
public 

How to 
explain 

concepts 

How to 
manage 
others 

Time 
.235 

(.188) 
-.161 
(.598) 

-.053 
(.902) 

.225 
(.401) 

.210 
(.282) 

.213 
(.276) 

.271 
(.155) 

.150 
(.474) 
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Appendix D.  Classroom Practices  
 

I. Composite Measures of Practices 
 
For each classroom practice below, the way in which it is scored is given.  First, the 

“scoring key” for each question is given, followed by the equation that is used to 

calculate the total, or overall score, for that practice.  Finally, the actual survey questions 

corresponding to the numbers used in each equation are given. 

  

A. Creation of a climate of inquiry within the classroom. 
 
Scoring strategies for each question below:  
Question # Rule for Scoring 

1 If answer = A, B, or C, then score = 0; if D or E, then score = 1. 

2 
Look at fourth response only, and transpose scores of 1, 2, 3, and 4 to 3, 2, 1, 
and 0, respectively. 

3 If third response = 3,4, or 5, then score = 0.  If =1 or 2, then score = 1.   
4 Use score indicated, but transpose 1, 2, 3 and 4 to 0, 1, 2, and 3, respectively 
5 Use scores indicated, but transpose 1, 2, 3 and 4 to 0, 1, 2, and 3, respectively 

 
 
Total = [Score 1] *3 + [Score 2] + [Score 3] *3 + [Score 4] + ([Sum of answers to 5] / 5).  
Maximum = 15. 
 
 

1. Please think about the unit’s central questions, or the larger questions the unit was meant to 
address.  What percentage of the activities in which students engaged taught concepts that were 
used to answer those central questions? 

 
Circle only ONE 

0 – 20 % A 

21 – 40 % B 

41 – 60 % C 

61 – 80 % D 

81 – 100 % E 

 
2. Please rank the following in terms of how frequently you did them to relate students’ activities to 

the central questions.  Write a “1” next to the one you used MOST frequently, until a “4” next to 
the one you used LEAST frequently     

 

We did not explicitly discuss those relationships because they were self-apparent. ___  (rank 1-4) 

As we began each activity, I told students why the activity was important. ___  (rank 1-4) 
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We held a discussion in which I tried to get students to understand each activity’s importance. ___  (rank 1-4) 

Students generated and discussed the reasons why the activity was important. ___  (rank 1-4) 

 
3. Consider your teaching goals for the first few lessons of the unit.  Please rank the following goals 

in terms of the extent to which you tried to accomplish them in those lessons.  Write a “1” next to 
the one you MOST tried to accomplish, until a “5” next the one you LEAST tried to accomplish. 

 

Have students learn vocabulary. ___  (rank 1-5) 

Have students learn science content. ___  (rank 1-5) 

Get students interested in the questions involved in the unit. ___  (rank 1-5) 

Assess what students know. ___  (rank 1-5) 

Have students understand what will be expected of them during the unit. ___  (rank 1-5) 

 
4. To what extent did you emphasize the following activities during the unit? 
 

Circle one number in each row Not at 
all 

A little 
Some-
what 

A lot 

The relevance of science to students’ daily lives 1 2 3 4 

 
5. To what extent did you emphasize the following during this LeTUS unit? 

 

Circle one number in each row Never Rarely 
Some-
times 

Often 

That students knew why they were learning the material 1 2 3 4 

That students felt comfortable questioning the way they were 
being taught 

1 2 3 4 

That students expressed their opinions 1 2 3 4 

That students helped in planning what they learned 1 2 3 4 

That students helped decide which activities were best for them 1 2 3 4 

 
 

B. Involvement of students in inquiry skills 
 
Scoring strategies: 

Use scores indicated, but transpose 1, 2, 3, and 4 to 0, 1, 2, and 3, respectively. 
Total = [Sum of all answers to 6].  Maximum = 12. 
 

6. To what extent did you emphasize the following activities during the unit? 
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Circle one number in each row Not at 
all 

A little 
Some-
what 

A lot 

Students’ generating questions and issues that might be important to 
answering the unit’s larger question. 

1 2 3 4 

Students’ generating their own plans to select and analyze data 1 2 3 4 

Students’ generating their own plans to design and conduct their 
own experiments. 

1 2 3 4 

Students’ discussions with you about their plans to either select and 
analyze data or to design and conduct their own experiments. 

1 2 3 4 

 
 
C. Involvement of students in developing and communicating scientific explanations 
 
Question # Rule for Scoring 

7 
Use scores as indicated, but transpose 1, 2, 3, and 4 to 0, 1, 2, and 3, 
respectively. 

8 If answer = A, B, or C, then score = 0; if D or E, then score = 1 
9 If answer = A, B, or C, then score = 0; if D, then score = 1 

 
Total = [Sum of answers to 7] + [Score on 8] *3 + [Score on 9] *3.  Maximum = 18. 
 

7. When the students worked with data (in any form), to what extent did you emphasize: 
 

Circle one number in each row Not at 
all 

A little 
Some-
what 

A lot 

Activities where students attempted to develop explanations for what 
the data showed?  

1 2 3 4 

Activities where students evaluated their own or others’ explanations 
for what the data showed? 

1 2 3 4 

That the class reached a consensus about what the data showed? 1 2 3 4 

Student creation of products (such as charts, graphs, etc.) to explain 
what the data showed? 

1 2 3 4 

 
8. Which of the following best describes how students arrived at explanations for what the data 

showed? 
Circle only ONE 

Students first looked at the data and then I explained any relationships. A 

Students first looked at the data and then we discussed the relationships as a group. B 

Students first looked at the data, then tried to develop their own explanations of 
relationships, and then I more fully explained those relationships. 

C 
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Students first looked at the data, then tried to develop their own explanations of 
relationships, and then we discussed them as a group. 

D 

Students first looked at the data and generated their own explanations of relationships. E 

 
 
9. Which of the following best describes what students did after they analyzed data? 

Circle only ONE 

They moved on to another activity. A 

They reported their data to the rest of the class. B 

They reported their data and hypotheses to the rest of the class and compared their data 
and hypotheses. 

C 

They reported their data and hypotheses to the rest of the class, compared the data and 
hypotheses, and tried to convince each other that their hypotheses were correct. 

D 

 
 
D. Involvement of students in communication about the scientific process 
 
Question # Rule for Scoring 

10 
Use scores as indicated, but transpose 1, 2, 3, and 4 to 0, 1, 2, and 3, 
respectively. 

 
Total = [Sum of answers to 10].  Maximum = 15.  
 

10. To what extent did you emphasize students’ communication with each other: 
 

Circle one number in each row Not at 
all 

A little 
Some-
what 

A lot 

About how to develop and test hypotheses? 1 2 3 4 

About how hypotheses can change with new ideas and new data? 1 2 3 4 

About how to interpret data? 1 2 3 4 

About how to plan investigations? 1 2 3 4 

About to prepare reports and findings? 1 2 3 4 

 
 
E. Integration of vocabulary and content into the inquiry framework 
 
Question # Rule for Scoring 

11 If answer = A, B, or C, then score = 0; if D, then score =  

12 
Look at fifth response only, if answer = 3, 4, or 5, then score = 0; if 1 or 2, 
then score = 1.   
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Total = 1 if [Score on 11] + [Score on 12] = 2, 0 if else.  Maximum = 1.  
 

11. Which of the following best describes how you taught vocabulary? 
Circle only ONE 

I did not teach vocabulary. A 

I taught all the vocabulary words for the unit at one time. B 

I taught the vocabulary words that were specific to a given activity just before the 
students did a given activity. 

C 

I taught the vocabulary words as they arose in the context of a given activity. D 

 
12. Consider the times you taught content that was related to important learning objectives.  Please 

rank the following strategies in order of frequency of use.  Place a “1” next to the strategy you 
used most, a “2” next to the next most, and so on. 

 

I explained it to the students. ________ (rank 1-5) 

I had students read about it. ________ (rank 1-5) 

Students discussed it as an entire class. ________ (rank 1-5) 

Students discussed it in small groups ________ (rank 1-5) 

I had students engage in activities designed to address it. ________ (rank 1-5) 
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II. Survey Results of Classroom Practices 
 
The following describes the possible range and the sample mean and standard deviation 

for each classroom practice. 

 
Table D-1. Descriptive Statistics of Classroom Practices 

 

Classroom Practice Range (min - max) Mean / SD 

Climate of Inquiry 0 – 15 11.32 / 2.69 

Inquiry Skills 0 – 12 8.57 / 2.59 

Developing / Communicating Scientific 
Explanations 

0 – 18 12.90 / 2.76 

Communication about Scientific 
Process 

0 – 15 11.51 / 2.90 

Integration of Vocabulary and Content 0 – 1 (binary) .56 / .50 

 



Sources Used  

 165

SOURCES USED 
 
 
Barnett, J. and D. Hodson (2000). "Pedagogical Context Knowledge: Towards a Fuller 

Understanding of What Good Science Teachers Know." Science Teacher 
Education 85(4): 426-453. 

Bitgood, S., B. Serrell, et al. (1994). The Impact of Informal Education on Visitors to 
Museums. Informal Science Learning: What the Research Says About Television, 
Science Museum, and Community-Based Projects. Dedham, MA, Research 
Communications Ltd. 

Bobrowsky, W., R. Marx, et al. (2001). The Empirical Base for Professional 
Development in Science Education: Moving Beyond Volunteers. NARST, St. 
Louis, Missouri. 

Borun, M., M. Chambers, et al. (1996). "Families Are Learning in Science Museums." 
Curator 39(2): 123-138. 

Butt, R., D. Raymond, et al. (1992). Collaborative Autobiography and Teachers' Voice. 
Studying Teachers' Lives. I. F. Goodson. New York, NY, Teachers College Press. 

Charnley, A., M. Osborn, et al. (1981). The Voluntary Field, Review of Existing 
Research in Adult and Continiuing Education. Leicester, National Institute of 
Adult Continuing Education. 

Chen, M. (1983). "Touched by science": An exploratory study of children's learning from 
the second season of 3-2-1 Contact. New York, Children's Television Workshop. 

Chen, M. (1994). Television and Informal Science Education: Assessing the Past, 
Present, and Future of Research. Informal Science Learning. Dedham, MA, 
Research Communications, Ltd. 

Cohen, D. and H. Hill (2000). "Instructional Policy and Classroom Performance: The 
Mathematics Reform in California." Teachers College Record 102: 294-343. 

Danielewicz, J. (2001). Teaching Selves: Identity, Pedagogy, and Teacher Education. 
Albany, State University of New York Press. 

Darling-Hammond, L. (2000). "Teacher Quality and Student Achievement: A Review of 
State Policy Evidence." Education Policy Analysis Archives 8(1). 

Drake, C. (2000). Stories and Stages: Teacher Development and Mathematics Education 
Reform. Education and Social Policy. Evanston, Northwestern University. 

Dubin, R. (1978). Theory Building. New York, Free Press. 
Elsey, B. (1993). "Voluntaryism and Adult Education as Civil Society and the "Third 

Way" for Personal Empowerment and Social Change." International Journal of 
Lifelong Education 12(1): 3-16. 

Falk, J. H. and L. D. Dierking (1992). The Museum Experience. Washington, DC, 
Whalesback Books. 

Feiman-Nemser, S. (1983). Learning to Teach. Handbook of Teaching and Policy. L. S. 
Shulman and G. Sykes. New York, Longman: 150-170. 

Finn, L.-E. (2002). "Using Video to Reflect on Curriculum." Education Leadership: 72-
74. 

Fullan, M., F. M. Connelly, et al. (1990). Teacher Education in Ontario: Current Practice 
and Options for the Future. Toronto, Ontario Ministry of Education. 



Sources Used  

 166

Garet, M. S. and A. C. Porter (2001). "What Makes Professional Development Effective?  
Results From a National Sample of Teachers." American Educational Research 
Journal 38(4): 915-945. 

Geertsma, R. H., J. Parker, Ralph C., et al. (1982). "How Physicians View the Process of 
Change in Their Practice Behavior." Journal of Medical Education 57. 

Goldhaber, D. D. and D. J. Brewer (2000). "Does Teacher Certification Matter?  High 
School Teacher Certification Status and Student Achievement." Educational 
Evaluation and Policy Analysis 22(2): 129-145. 

Goodson, I. F., Ed. (1992). Studying Teachers' Lives. New York, NY, Teachers College 
Press. 

Griffin, J. and D. Symington (1997). "Moving from Task-Oriented to Learning-Oriented 
Strategies on School Excursions to Museums." Science Education 81: 763-779. 

Grossman, P. L. (1991). "Overcoming the Apprenticeship of Observation in Teacher 
Education Coursework." Teaching and Teacher Education 7(4): 345-357. 

Grover, V. A Tutorial on Survey Research: From Constructs to Theory. 2002. 
Hanushek, E. A., J. F. Kain, et al. (1998). Teachers, Schools, and Academic 

Achievement. Cambridge, MA, National Bureau of Economic Research. 
Hawley, W. D. and L. Valli (1999). The Essentials of Effective Professional 

Development. Teaching as the Learning Profession. San Francisco, Jossey-Bass. 
Hodges, H. L. B. (1996). "Using Research to Inform Practice in Urban Schools" Ten Key 

Strategies for Success." Educational Policy 10(2): 223-252. 
Ilsley, P. J. (1989). The Voluntary Sector and Adult Education. Handbook of Adult and 

Continuing Education. S. B. Cunningham and P. M. Cunningham. San Francisco, 
Jossey-Bass. 

Johnston, J. and R. Luker (1983). The "Eriksson study": An exploratory study of viewing 
two weeks of the second season of 3-2-1 Contact. New York, Children's 
Television Workshop. 

Kennedy, M. M. (1999). The Role of Preservice Teacher Education. Teaching as the 
Learning Profession: Handbook of Policy and Practice. L. Darling-Hammond and 
G. Sykes. San Francisco, Jossey-Bass: 56. 

Kerka, S. (1998). Volunteering and Adult Learning.  ERIC Digest No. 202. Columbus, 
Ohio, ERIC Clearinghouse on Adult Career and Vocational Education. 

Knowles, J. G. (1992). Models for Understanding Pre-Service and Beginning Teachers' 
Biographies: Illustrations from Case Studies. Studying Teachers' Lives. I. F. 
Goodson. New York, NY, Teachers College Press. 

Kolb, D. A. (1975). Toward an Applied Theory of Experiential Learning. Theories of 
Group Processes. C. L. Cooper. New York, John Wiley. 

Livingstone, D., W. (2000). Exploring the Iceberg of Adult Learning: Findings of the 
First Canadian Survey of Informal Learning Practices. Toronto, New Approaches 
to Lifelong Learning. 

Loewenberg Ball, D. (1988). "Research on Teacher Learning: Studying How Teachers' 
Knowledge Changes." Action in Teacher Education X(2): 17-23. 

Lortie, D. C. (1975). Schoolteacher. Chicago, University of Chicago Press. 
Loucks-Horsley, S., P. Hewson, et al. (1997). Designing Professional Development for 

Teachers of Science and Mathematics. Thousand Oaks, CA, Corwin Press. 



Sources Used  

 167

Loucks-Horsley, S., K. Stiles, et al. (1996). Principles of Effective Professional 
Development in Math and Science Education: A Synthesis of Standards. Madison, 
University of Wisconsin, National Center for Improving Science Education. 

Lucas, A. M. (1991). "'Info-tainment' and Informal Sources for Learning Science." 
International Journal of Science Education 13(5): 495-504. 

Mahlios, M. and M. Maxson (1995). "Capturing Preservice Teachers' Beliefs About 
Schooling, Life, and Childhood." Journal of Teacher Education 46(3): 192-199. 

McGuire, M. E. (1996). "Teacher Education: Some Current Challenges." Social 
Education 60(2): 89-94. 

Morine-Dershimer, G. and T. Kent (1999). The Complex Nature and Sources of 
Teachers' Pedagogical Knowledge. Examining Pedagogical Content Knowledge. 
J. Gess-Newsome and N. G. Lederman. Dordrecht, The Netherlands, Kluwer 
Academic Publishers. 

Neathery, M. F. (1998). "Informal Learning in Experiential Settings." Journal of 
Elementary Science Education 10(2): 36-49. 

Pajares, M. F. (1992). "Teachers' Beliefs and Educational Research: Cleaning Up a 
Messy Construct." Review of Educational Research 62(3): 307-332. 

Percy, K. (1988). Learning in Voluntary Organisations. Leicester, England, National 
Institute of Adult Continuing Education. 

Putnam, R. T. and H. Borko (2000). "What Do New Views of Knowledge and Thinking 
Have to Say About Research on Teaching Learning?" Educational Researcher 
29(1): 4-15. 

Research Communications, L. (1987). Research findings for audience evaluation of 
"How About". Dedham, MA. 

Research Communications, L. (1992). The impact of using the FUTURES series on 
junior high school students. Dedham, MA. 

Romero, F. (1990). Aspects of Adult Development. Applying Adult Development 
Strategies. M. H. Rossman and M. E. Rossman. San Francisco, Jossey-Bass. 45: 
3-11. 

Ross-Gordon, J. M. and W. D. Dowling (1995). "Adult Learning in the Context of 
African-American Women's Voluntary Organizations." International Journal of 
Lifelong Education 14(4): 306-319. 

Ryan, G. and H. R. Bernard (in press). Techniques to Identify Themes. 
Seashore Louis, K. and H. M. Marks (1998). "Does Professional Community Affect the 

Classroom?  Teacher's Work and Student Experiences in Restructuring Schools." 
American Journal of Education 106: 532-575. 

Shulman, L. S. (1986). "Those Who Understand: Knowledge Growth in Teaching." 
Educational Researcher 15(2): 4-14. 

Smaller, H., R. Clark, et al. (2000). Teacher Learning, Informal and Formal: Results of a 
Canadian Teachers' Federation Survey. Toronto, New Approaches to Lifelong 
Learning. 

Smylie, M. A. (1989). "Teachers' Views of the Effectiveness of Sources of Learning to 
Teach." The Elementary School Journal 89(5): 543-557. 

Smylie, M. A., E. Allensworth, et al. (2001). Teacher Professional Development in 
Chicago: Supporting Effective Practice. Chicago, Consortium on Chicago School 
Research. 



Sources Used  

 168

Stephens, J. (1969). Research in the preparation of teachers: Background factors that 
must be considered. Psychology in teacher preparation. J. Herbert and D. P. 
Ausubel. Toronto, The Ontario Institute for Studies in Education Monograph 
Series. 5. 

Sykes, G. (1999). Introduction: Teaching as the Learning Profession. Teaching as the 
Learning Profession: Handbook of Policy and Practice. L. Darling-Hammond and 
G. Sykes. San Francisco, Jossey-Bass. 

Youngs, P. and B. M. Kings (2000). Professional Development That Addresses 
Professional Community in Urban Elementary Schools. Annual Meeting of 
American Education Research Association, New Orleans. 

 




