Preventing the Early Death of Teaching Hands-on Science: Supporting Beginning Science Teachers

Recognizing the Science-specific Needs of Beginning Science Teachers

[Check chapter on xxx]

Secondary teachers come with far more needs that are specific to their particular subject than is generally acknowledged by quickly growing field of teacher induction. We conducted a three-year, in depth study of six teacher induction programs around the country that DO intend to address the subject-specific needs of beginning secondary teachers. How these programs tackle these needs is described in (citation – Putting the Subject into Secondary Science Teacher Induction). Our earlier examination of teacher induction programs in other countries first brought this issue to our attention (Britton, Paine, Pimm & Raizen, 2003). 

There is a wide range and considerable depth of subject-specific needs that we have seen among beginning science teachers at the middle and high school grades. We first describe needs related to science content knowledge. We go on to describe many other kinds of subject-specific needs, ones which may be less obvious but we find to be quite important. 

Have teachers had an opportunity to learn the science they are teaching?

From focused interviews that we conducted with beginning science teachers across the induction programs, it was clear that most of them did not have a solid grasp of the concepts of condensation and photosynthesis, which are near universal topics in middle school life and physical science (cite Olson paper). We cannot definitely explain why the novices’ conceptions were underdeveloped, but the following reasons probably contributed to the situation.

One might assume that traditionally prepared science teachers come with an adequate college science background. Because of the ways our educational system is organized or operating, there are some problems with that assumption. And there are plenty of teachers new to teaching science who are not traditionally prepared, or not prepared with the aim of teaching science.

1. Novices from alternate routes may not have the appropriate academic science content. 

Many of beginning science teachers today are coming from a rapidly growing variety of fast-spreading alternate routes into teaching. Some of these routes do not involve providing the college science background that supports teaching science in school (citation – see article by Tania et al. Add one more sentence). 

2. The new science teacher may be teaching out of field.

There are many beginning science teachers who were traditionally prepared, but not to be science teachers, although NCLB legislation may be dampening this phenomenon. There often are shortages of science and mathematics teachers, and systems will switch teachers certified in other subjects into these positions. [Need to elaborate with NSTA info, 1-2 sentences.]

3. Traditionally-prepared middle school teachers have not had all the appropriate academic science content.

First, the largest portion of middle-school science teachers are prepared in elementary teacher preparation programs. Such programs never included enough science courses to prepare someone for teaching middle school science. However, because such teachers are traditionally-prepared, we tend to forget that this system yields teachers who have not have college-level science that supports the school science they are teaching.

4. College science is not the same as school science.

Even middle school teachers who come from secondary preparation programs have rarely been able to study the range of college science needed to support teaching middle school science courses. The U.S. middle school science curriculum covers a sampling of life, physical, and earth and space sciences. Most middle school science teachers will have to teach two or more of these science areas. However, most college degree programs require a prospective science teacher to major in a particular science discipline to such an extent they have little or no exposure to some of the other disciplines. Most typically, a biology or chemistry major has no exposure to any earth or space science. But those sciences have equal billing in the middle school science curriculum!

Whenever we talk with colleagues the “subject-specific needs” of beginning science teachers, the content knowledge examples that we have noted so far readily surface in the discussion. We were aware of them before our research ever began. However, our studies have brought to the forefront many other types of subject-specific needs that should be considered. One of them is another version of a content knowledge need.

There is a misalignment between the content of college courses in science and mathematics and relevant school subjects, so teacher induction programs need to help beginning teachers bridge content from college to school. The complexness and technicality of how science topics are treated in college science courses is not the same as how those very same topics should be treated in school science courses. A common tale is how the eager science teacher presents some lessons that are way over the heads of their students, don’t realize it, and can even disagree when this is pointed out. Here are two examples, one from our interview with a second-year science teacher, and another example by a conversation with a first-year science teacher in another study. 


Insert quote from MC in PCD.

How did you decide what to not cover (interviewer)? “It’s hard. For example, for anything where there’s a lot of vocabulary. And they even complain that I use words that are too fancy. But I’ve cut it down a lot…like for respiration and photosynthesis, like knowing all the steps—forget it!” (Trumball, 1999, p 51).

So, many beginning science teachers have content knowledge needs, for the above reasons. Yet, induction programs at large often do not include much if any plan for helping such teachers address gaps in their science knowledge. Teachers do not deserve blame or criticism for having science content needs. Such rhetoric should be directed at the educational systems and programs that put them in these illogical situations. And since it is unrealistic to hope that such system structures will change any time soon, we should seriously consider how teacher induction programs could include serious attention to content needs.

5. Making science relevant to students’ lives.

In the recent policy climate of standards and demands for rigorous content, we may be losing sight of the fact that the National Science Standards encompass Standard F: Science in Personal and Social Perspectives. (Perhaps this standards is being overlooked because it is challenging to measure using standardized tests.) There has long been a mandate in the science education community to connect science content to its applications, e.g., chemistry used in cooking/cleaning, physics used in playground equipment or toys. But college science courses rarely make serious attempts to link disciplinary science to its applications. Therefore, many teachers are not equipped to make connections, for they have gone from college straight into teaching, without much or any other work experiences/knowledge upon which to draw for forging connections between mathematics and science and their applications. 

In addition, the teacher’s context may not mesh with those of their students. Beginning teachers often are assigned to teach in challenging urban settings or rural settings that differ from their own suburban experience. Real-world examples of science for children in these settings can be quite different from real-world science examples experienced by  the teacher. Lack of familiarity with how science is viewed by students from different cultures can exacerbate the challenge.  


Insert examples of F from WVP

How do beginning teachers decide what science to teach?

6. Selecting/planning science topics.

Every teacher new to science or mathematics teaching must somehow decide what science concepts/topics to teach the first day, the next day, the next week, over the course of a month and semester, and over the course of a year. How do they come to decide this? What/who influences their decisions about selecting topics? Beginning teachers need to develop an understanding of subject matter that permits them to see connections between ideas, to prioritize and give weigh to different ideas, and so on. What programs/people help them make such decisions and gain such understanding? The school’s science department can play a critical role here, but, especially if the science department is weak, teacher induction programs should be assisting with this micro and macro lesson planning.

Besides needing to identify exactly what topics they will teach, new teachers often need help in deciding how to distribute instructional time available to various topics. How long does it actually take for students to grasp various concepts when provided with particular kinds of learning experiences? When is it best to slow down the curricular clock and slow down the instructional pace? Here is an example for another study.

Elaine reflected on her students’ learning and some confusions that surprised her. “I don’t think the kids really got a grasp of the concepts [of protein synthesis], even things I never thought would be a big deal. I had to really emphasize what chromosome were, what DNA was. And they were so confused about how DNA and genes and chromosomes are related. In a way, it seems like its simple facts, but it just turned out to be something that they’ve just got to think about a lot more. (Trumball, 1999, pp 63-4).

7. Discerning appropriate influences of standardized tests on curricula.

If there are school, district or state tests to be administered, how should these influence the beginners’ views/decisions on what topics to teach and how to teach them? If the required tests are multiple choice only, could this influence novices toward teaching a wide breadth of topics without in-depth treatment of any of them? And how does pressure for coverage affect the beginners’ decisions on how much if any hands-on experiences in which to engage students? Does the induction program or anything/one else help beginners’ think through these issues?

8. Becoming familiar with learning through museums, businesses, and organizations.
Especially if you are new to a community, what resources (supplies, grants, professional development services – on site or delivered to school) might be available at or from local businesses, museums, or organizations? What are the procedures/costs for taking a field trip?

9. Maintaining a commitment to hands-on learning.

Most science teachers get into science not only because they like science concepts but also because they like scientific investigation. Similarly, kids like to do science, not just memorize science vocabulary. And parents generally support the notion of wanting their children to engage in science, not just know it. But there are growing impediments to teaching hands-on science. We already mentioned the pressure of standardized tests, which seldom reinforce the value of hands-on science, and the challenges of getting the resources needed. And some experienced science teachers may dissuade beginning teachers from believing that students are able to conduct science investigations rather than merely execute hands-on activities, as illustrated by this first-year teacher’s account:

I was asking him [an experienced teacher] for lab ideas and he said, “You can’t expect them to come up with their own hypotheses. That’s just really too much to ask for, when they’re used to cookbook labs. It’s not really fair.” And I’m not going to go around blaming the kids for that. You know these kids have no creativity, I mean I think you can work towards that, but I don’t want to expect too much of that (Trumball, 1999, p 51). 


While a good mentor may need to temper overly high expectations of novice, it is important to reinforce the ultimate goals of science instruction and the ability of students to learn. Luft and colleagues found that an induction program can help students maintain their commitment to scientific investigation (cite Luft). 

Although national and many state science standards call for scientific inquiry versus merely doing something, the latter has become the state of affairs in many locales. So much so, that we observed beginning science teachers referring to classroom instruction as “science activities” or even “labs” that are far from it. For example, a beginning science teacher in a school was having students cut out words and equations to construct a representation of photosynthesis. When talking with the class as well as us, the teacher referred to this as doing a science activity. 

10.  Acquiring resources needed for hands-on learning.

Especially if you are a lone science teacher in a school or in a science department that is not strongly organized, how do you find out how to order science equipment and supplies that you need? (What companies sell them? Where are the catalogs or web sites? What school budget lines do you use for equipment versus consumable supplies?) When there is little or no budget available, how can one locate useful cheap materials that can be used in investigations? 

We found many instances where first-year teachers in particular were not being adequately familiarized with existing science supplies and equipment in the school, or afforded access to the departments budget for purchasing any. While we cannot be sure of the explanation for every situation we witnessed, we can relate some of the explanations that were clear. Sometimes it was benign neglect by science faculty to let novices know the possibilities. More disturbingly, it seemed some experienced teachers did not want to disclose what resources existed or funds that were available. Below, a second year takes the initiative to find out, but is resisted:

INSERT quote from KM in PCD.
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Putting the Subject into Secondary Science Teacher Induction

Secondary teachers come with far more needs that are specific to their particular subject than is generally acknowledged by the field of teacher induction. In a companion article, we illustrate this by elaborating the range and depth of the science-specific needs of beginning science teachers (citation – Recognizing the Science-specific Needs of Beginning Science Teachers). Here, we describe teacher induction programs that DO address such science-specific needs. The descriptions stem primarily from our three-year, in depth study of six U.S. induction programs that aim to address subject-specific needs of secondary teachers, as well a prior examination of induction programs in other countries (Britton, Paine, Pimm & Raizen, 2003).
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