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Implementation of Science Notebooks as an  

Instructional Tool for Teacher Learning 

Each year millions of dollars are spent on teacher professional learning because it is 

recognized that teachers do not and cannot know everything about how to teach as they exit a 

teacher preparation program.  There is common agreement that teachers need to be exposed to 

and understand new teaching and learning models throughout their teaching career.  In science, 

educators suggest that one focus of high quality professional learning must be on subject-matter 

knowledge and the deepening of teachers’ content and instructional skills (Supovitz & Turner, 

2000).  Historically, Abell (2007) highlights that science teacher knowledge includes science 

subject matter knowledge, pedagogical knowledge, pedagogical content knowledge, and 

knowledge of context (Shulman, 1986).  

However, explicit attention is called for in the development of tools that help us 

understand how teachers acquire these knowledges and how teacher learning can be captured in 

substantive ways (Abell, 2007). Such tools should help us understand what types of knowledge 

teachers need, at what level teachers need to acquire it, how teachers learn, and in what contexts 

teachers learn best (Lowery, 2002). If these tools are utilized properly, they might be used as 

alternative assessment or evaluative tools that can illustrate a teachers learning over time and 

across multiple settings.  

 Popular in science classrooms today is the use of science notebooks as an instructional 

and assessment tool (Ruiz-Primo &Li, 2004; Aschbacher & Alonzo, 2006; Keys, Hand, Prain, 

&Collins, 1999; Prain, 2006).  Research indicates that the use of relevant and meaningful writing 

in science can promote learning and understanding (Lemke, 1990, Martin, 1993).   Ruiz-Primo & 

Li (2004) describe science notebooks as a “compilation of entries that provide a record, at least 
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partially, of the instructional experiences a student had in her or his classroom for a certain 

period of time. Since notebooks are generated during the process of instruction, the 

characteristics vary from entry to entry as they reflect the diverse set of activities in a science 

class (p. 62). They continue to cite evidence that science notebooks allow students to illustrate 

the skills and processes related to scientific inquiry, promote application and integration of new 

information, provide a venue for expressing personal meaning and ownership of the learning, 

and provide a good source of information about student conceptions and understanding of the 

content.   

Therefore, the use of science notebooks may be an instructional tool that can also be used 

with teachers to further understand the intricacies of teacher content knowledge. This paper will 

examine the implementation and instructional use of science notebooks in a National Science 

Foundation Math and Science Partnership (MSP) and provide examples of teacher learning that 

exemplifies the use of the notebooks for further use and study.  

The RM-MSMSP Context 

The MSP project used for this study is the Rocky Mountain Middle School Math and 

Science Partnership (RM-MSMSP). The primary purpose of this project is to enhance middle 

school student achievement in math and science, predominantly through the provision of math 

and science content courses to middle level teachers. Since the project’s inception in 2004, 

seventeen content-based math and science courses have been developed. These courses have 

been designed to be approximately 80% content and 20% pedagogy and are typically taught in 

the summer as 2-3 week institutes. In addition, structured follow-up courses associated with each 

content course are taught during the academic year. The latter are taught across four Saturdays 

during a single semester and the focus is 80% pedagogy and 20% content.  The content consists 
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of either new or review material from the summer content course determined by teacher 

feedback and/or assessment data.  In addition, some of these courses are taught in the academic 

year, usually one math and one science course per semester.  Academic year versions deliver 

content and structured follow-up simultaneously in one course, instead of two.  Following the 

model described above, all courses are co-taught by faculty from the College of Liberal Arts and 

Sciences, School of Education and Human Development, and our K-12 partner school districts.  

Initially, the grant proposed to use teacher content inventories to ascertain the general 

science and mathematics knowledge of teachers in the project and develop courses based on that 

data. However, as course instructors developed assessments, a number of questions were raised 

about the teacher content inventory as a tool.  Instructors felt that they were getting limited 

feedback about teacher science knowledge, skills, the extent of misconceptions, and world view.  

Instructors had difficulty developing tests that they felt were representative of the content they 

hoped teachers would learn and issues of validity and reliability made the tests difficult to 

analyze.  The goal and purpose of the assessments and their relationship to each course were 

controversial and the use of the teacher content inventories became complex.  Therefore, 

instructors wanted and needed an alternate form of assessment so the project management turned 

to science notebooks as a possibility. However, the concept of science notebooks was introduced 

as an instructional tool first to determine how instructors might implement the notebooks in each 

classroom and determine if they produced valuable information. Use of science notebooks as an 

assessment tool would come in the second year if instructors felt that they could use them 

efficiently and were gaining information about teacher learning.  

 Throughout the project, course instructors have participated in their own professional 

learning through workshop sessions that have addressed a variety of instructional strategies, such 
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as scaffolding for English Language Learners, the use of science inquiry models, co-teaching, 

and differentiated instruction.  In addition, two sessions focused on problem based learning in 

math and science and while mathematics instructors focused on model-eliciting problems (Lesh, 

xxx); science instructors focused on science notebooks and the use of the science writing 

heuristic (Greenbow &Hand, 2005).  The science writing heuristic is an inquiry-based approach 

that provides a scaffold for implementing inquiry activities based on the use of critical-thinking 

and reasoning skills (Hand, 2006, p. 117).  A few of the instructors had prior experience with 

science notebooks and the science writing heuristic so it became a natural choice as a 

recommended structure for the science notebooks.  Even though we recognize that the literature 

recommends careful planning, design, and selection of entries for student science notebooks 

(Ruiz-Primo & Li, 2004), we did not place any constraints on instructors in terms of structure.  

However, we did make a distinction between science “notebooks” and “journals” the latter being 

more of a reflective personal diary and we wanted to make sure we were able to capture concrete 

conceptual and procedural understanding as well as reflection on new understandings, content 

integration, content pedagogical knowledge, and classroom application. Hence, very little formal 

structure was provided to instructors for use with teachers.  

 Each instructor was provided with science notebooks for their course at the beginning of 

the summer institutes. Lab notebooks with carbon-less paper were used so that instructors could, 

if they chose to, collect notes on a regular basis for assessment purposes. The carbonless copy 

system also allowed teachers to keep their notebooks in the evenings to continue writing or at 

least not be dependent on instructors returning collecting and returning notebooks on a regular 

basis.  At the end of the course, instructors provided all copies of notebooks to the research team 

for review and analysis.  
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Implementation of the Science Notebooks 

 After implementation in the 2007 summer institutes, the research team interviewed five 

representative science instructors, at least one from each instructional team (i.e. Chemistry, 

Physics, Earth Science, Biology) to assess the actual implementation of the science notebooks. 

Four of the instructors interviewed taught more than one course; two were university science 

faculty members, one was a university education faculty member, and two were representatives 

from K-12.  Interview questions fell into the following broad categories: prior experience with 

notebooks, perceived purpose of the notebooks, presentation or introduction of the notebooks to 

teachers, how the science notebooks were used as an instructional tool, how the science 

notebooks were used as an assessment tool, how the science notebooks were used as a self-

reflective tool to inform their own teaching.  

Prior Experience with Notebooks 
 
 All representatives had some experience with science notebooks but not with teachers. 

STEM faculty had either used science notebooks themselves in their own research or had used 

them with undergraduate or graduate students in traditional college classrooms.  

 
With my undergraduate students, I’ve always used them to check understanding.  
If they don’t understand something it tends to show up in their notebooks.  I’ve 
used them in liberal arts settings in geology settings not pedagogy. 
 
I’m an astronomer. My science notebook is with me all the time. I make a graph I 
stick it in there; I get an image from my telescope, I put it in there; I make notes, I 
put it in there; I make measurements, I put it in there. If I have time to ruminate 
and reflect, I put it there.  

 
Education faculty had used science notebooks with middle and high school students. 

None had used them as part of teacher professional learning.  

For more than 20 years as a teacher I’ve used science notebooks with kids at the 
middle level and high school.  But they were very cookbook type labs--we’ll tell 
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you the problem, you write the hypothesis; we tell you the procedure, you write 
the procedure;  you collect the data, we’ll ask you a few question, you answer 
them in your notebook.  

 
Purpose of the Notebooks 
 

Faculty representatives had similar viewpoints about the purpose of the science 

notebooks within teacher professional learning. Initially, they all stated that the purpose of the 

notebooks was generally to provide teachers with a place to keep their lab notes, their reflections, 

new understandings, and self-reflect on their own learning.  One team had used the notebooks 

the previous summer, but it was very different.  

Previous to this summer….we set up an “activity book”…..places for ideas, 
journals. Teachers answered a set of questions in the book, and we would check, 
check, check. This year, it was more open format. Now they had to create their 
own tables and graphs for all the data in their notebooks. It got them to inspect 
what they were doing, even though creating them could be tedious. It benefited 
them by helping them organize labs into chunks…learning chunks. 
 
As the courses progressed and notebooks were used, faculty stated that the notebooks 

fulfilled multiple purposes beyond what they originally thought. For example, two of the faculty 

noted that some experiences (i.e. in-class labs versus field based labs) exuded different purposes 

for science notebooks.  

The purpose of the science notebook was different in different class contexts—in-
class labs (DNA study) versus field activities (ecological study). Field activities 
provide more opportunity for hypothesizing or speculating about the environment 
and ecological concepts because you are immersed in the context.  Teachers had a 
personal connection and so the notebooks reflected a different kind of thinking. 
With DNA structures, teachers don’t have a personal connection. It was seemed 
more intimidating, more abstract, less personal. The purpose of the notebooks was 
more clinical.  
 
One faculty also noted that some topics exuded notebooking that illustrated a 
purpose for personal reflection especially as misconceptions were explored or as 
religious or philosophical dissonance occurred. Evolution is a very uncomfortable 
topic, you could see teachers that were trying to be open-minded and understand 
the concept, but you could also see the struggle.  
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One faculty member added that,  

Teachers constructed their own purposes. In these notebooks, there was also a lot 
of pedagogy…not just stuff we talked about but things they were thinking about 
as we went along. 

 
 
Presentation of the Notebooks  
 

The next set of questions focused on how instructors presented the notebooks. Given the 

general purpose stated for the notebooks, it’s no surprise that most instructional teams did not 

provide any formal or explicit presentation of how teachers were to use the notebooks or 

specifics about how they would be assessed. In all cases the notebooks were introduced by  

“education” faculty and were seen throughout the course as an their responsibility. 

 
Education folks introduced it. They took time to talk about the objectives, 
purpose, and explain why the project started budgeting for notebooks.   
 
We just passed them and told them how we were going to use them. They knew 
we would collect them each day. They knew it wasn’t just an assignment, but a 
way for us to check understanding each day. We’d go back and re-teach….also an 
aid for post-test.  We left it up to them as to what they wanted to put in 
them….notes, drawings, resources, pretty wide open. 
 
I was concerned that teachers view it as a value, not an assignment. They were 
doing it for themselves, not us. I wanted it to be a notebook they would utilize 
after the class.  
 
In the first class, we used the notebooks for a week. Then in the second week, 
after using the procedure for a week, they read the article from Michael Klentschy 
about using the notebooks with middle school kids.  Then we talked about how 
they could use these in their classroom and the implementation issues.   
 
We told them that it was a central organization place. I pretty much told them to 
write down activities, labs, discussions, and any homework and make sure you 
date everything. They did everything in their notebooks.  I know they’re not 
scientists so they don’t have the same skills, but they were very popular. I had 
students from last summer and then this summer and they said it was a great way 
to organize their thinking and their work. 
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We used notebooks in both courses we taught. The first year, we used notebooks, 
but I didn’t do much with them although we did talk about how to use them with 
kids…I didn’t use it in a real formal sense. This summer we bought the nice 
notebooks and we looked at the Indiana model of the science writing heuristic and 
making the course more inquiry based. I took the first two labs we did and 
redesigned them for the notebook. We had 27 students. From the first day they 
used it; they loved it.  I know when I handed them the notebook, they thought, oh 
gosh, what are we going to have to do.  The first year when we asked to see their 
notebooks, they didn’t want to give them to us; with the carbonless format, that 
was no problem. 
 

Science Notebooks as an Instructional Tool 

As we asked faculty questions about science notebooks as an instructional tool, we asked 

them to point out specific examples from a random sample of notebooks to illustrate some of the 

ways they encouraged teachers to use the notebooks.  Their responses include: 

Sometimes the notebook was used in a more directive fashion; sometimes less 
directive and more open and reflective.  Balance of the two provided greater 
purpose.  
 
Trying to get them to tell why things are happening…trying to get them to see in a 
concrete way an abstract concept. For example, the use of a high and low 
molecular weight liquid and diffusion. We used procedures at three different 
levels and differentiated instruction (elementary, middle, and high school) and 
then ask them to interpret at those levels and you can see in the notebooks at 
which level they get it or don’t get it.  
 
We did activities in class and in the field. They used the notebooks in class as 
their lab sheets. There would be a whole series of drawings and calculations 
showing their work.  We gave them a much more specific guide of what a field 
guide would look like. I gave them a handout about how to do the drawings in the 
field….symbols, proper techniques, etc.  
 
I discouraged them from erasing anything because that’s not good science 
practice.  You want to know what’s working; what’s not.  We definitely saw folks 
that were struggling.   
 
The first activity was the one I spent the most time planning and thinking about. It 
was going to be their introduction and then I wanted to use it with labs thereafter.  
The first lab originated from our national association. I modified it last year to 
make it more inquiry based, but now I modified it even more to make it inquiry 
based.  The concept was properties of solids. The original way, they were given 
four white powders, A, B, C, and D and they were taken through 4 different 
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tests…color to crystals.  Here’s your substances, do this, and do you know what 
the substances are?  Not much inquiry; not very open-ended.    So this time, our 
science faculty member introduced a little about solids and then I said that I have 
4 substances, I don’t know what they are. Write down all the questions you have 
about these substances. These were the “beginning questions”. Okay, I’m going to 
give you a sheet with “suggested” tests on it….there was no real procedure. I just 
said you can look at color, texture, solubility, etc. with a few ideas of how it might 
look.  I didn’t give them the crystallization test.  Now test…you’re only 
limitations are what we have here to test or ask me because maybe I can find other 
things. So they did their tests. They didn’t want to stop; they had more 
questions….we had about 7 different ways to do this. Then I told them that 
you’ve made your tests, you need to make your claims.  Your claim has to be 
backed by evidence.  So, who wants to go first?  No one moved.  Finally one 
group made a claim. Then I asked whether anyone else had a claim. Lo and 
behold, some group had a different claim.  When it was all over, they could 
change their claims based on other groups. So we did claim-evidence on all 4 
substances.  They reflected on their initial questions and what they had learned, 
what new questions came to light, what new testing they would like to do, and 
provided a general reflection. We did that with every single lab.  
 

Science Notebooks as an Assessment Tool 
 
At this point there was no programmatic expectation that the science notebooks be used 

as an assessment tool. Only two of the instructors collected the pages on a regular basis, but they 

all talked about constant monitoring while teachers were working in small groups or out in the 

field. A few were surprised at how much they learned not only about the teachers’ content 

knowledge but general organization and problem solving skills as well.  

It really helped our instruction…..it made us realize the big gap in knowledge 
between the person answering the question and the person asking the question. 
We had to remember that it took us 20 years to learn something and we were 
expecting them to learn it in an hour.  

Different level of content knowledge from TCI…..the TCI is 25 questions and no 
data questions. This is taking data and showing how it’s consistent with the theory 
or concept.  It’s a different kind of notion about content knowledge. 
 
It wasn’t all about content per se. We could also tell the teachers that have the 
ability to organize their thoughts because they would use headings, complete 
sentences, and a lot of drawings. The not so good ones, you knew they couldn’t 
use the notebooks again.  No organization to their thinking.  Sometimes they 
would put things in that you would look at and wonder where they got that. 
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None of the instructional teams used science notebooks as part of a grade, but rather as an 

on-going alternative assessment of teachers content knowledge and skills.   

I monitored the notebooks all the time.  We looked to see who was making the 
good sketches, good tables, who had the good skills.  Then we could target the 
individual people and do instant differentiation based upon what we were seeing. 
We didn’t collect them until the end, but we were constantly watching.  
 
We were in their face they whole time…we were assessing the whole time…but 
not grading them the whole time. We were always going from table to table 
always looking at their notebooks. I can tell you even now who had great 
notebooks and who didn’t.  I can also tell you who the best were in terms of 
content because of the notebooks.  The best notebooks, best students; worse 
notebooks, worse students.   
 
This is good work because it is a constant speed activity. My look for’s…do they 
draw the data, find the slope, find the speed of the walker, there’s real data…it 
looks like something a scientist would do….content is correct; illustrated 
properly; and it’s organized the way I want it organized.  If it’s sloppy, it distracts 
from what you can learn from the data and the notes. 
 
I never scored their notebook until they turned in the final lab.  They would ask us 
along the way if “this is good entry”.  But as they did claims and evidence, we 
debriefed, we wrote it on the board, and they re-wrote in their notebooks.  We did 
a lot of discussion about being able to read the notebook and use the notebook 
again.   
 
I thought they were great and would use them again.  I don’t know if it’s realistic, 
but occasionally we would do a bit of correction. We didn’t give back our copies; 
we just used them for our own instruction and aid their understanding.  You 
would just go along thinking they understood things when they clearly didn’t or 
they would understand parts but the larger concept.  The test only checked for 
general vocabulary, basic stuff, and they could get 95%, but now we see that the 
test doesn’t tell us nearly enough about their real understanding.  I really thought 
they were valuable.   
 
As much as possible, given time constraints, faculty teams used the science 

notebooks to inform their teaching and did some re-teaching especially where they 

continued to see big knowledge gaps.  

My role was minimal unless there were passages L and K thought I should read. 
We thought we had gotten across the concepts (diffusion) pretty well but after 
looking at the science notebooks we realized they still had misconceptions.  I 
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didn’t always carve out time to re-teach, but we tried….the timeframe of the 
course is not conducive to doing too much re-teaching; especially with two of us 
(science types) teaching.  
 
They knew we were going to review them at night so most of them had a category 
in their notebooks that were only questions so we knew what we needed to cover 
the next day.   
 
We saw a lot of misconceptions in their notes. For example, notes on rocks and 
minerals…concerns about vocabulary, spellings, etc.  We’d put a list of terms on 
the board. If they asked a clarification question, they would write down what they 
thought was being said, but sometimes it wasn’t what we said….or what we 
thought we said. We think the ability to re-teach and spot the misconceptions as 
we went along helped with the post-test results. Teachers did better because we 
could spot those quickly 
 
After reviewing the notebooks, we would tell them that many of them didn’t 
understand the properties of a silicate, for example.  You would see them go back 
and make changes in their notebooks.  We did daily quizzes; notebooks were not 
part of their grade.  Quizzes were based on misconceptions we saw in the 
notebooks. 
 

Science Notebooks as a Self-reflective Tool  
  
 As instructors were asked to reflect on their use of the notebooks, what they learned 

about their own teaching and about the content knowledge gains of their teacher participants, 

there were consistent themes.  Instructors had a lot of “next times” and every one of the teams 

would definitely use the notebooks again. They were amazed at how much they learned about 

teacher’s content knowledge or misconceptions of what was presented. They found themselves 

re-teaching more than they had before and found the tool informative as a formative assessment.  

 
We didn’t hand them back so I didn’t give feedback.  Next time, we need to figure 
out how to give feedback along the way; even if we collect it once.   
 
Maybe I would give them some notebook norms. The first day we go about our 
behavioral norms, so maybe they also need notebook norms….like “make things 
clear for me”; “don’t erase.” 
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Next time, I’d read more of the notebooks. I didn’t use them as much as I could 
use them. I think I would have seen different things than they [education faculty] 
would have seen.  
 
I think I need to be more involved in the construction of the journals and if I 
looked at them, I’d have more input into their instruction and that could happen 
this summer. I could take a bigger role into what I’d like them to put in the 
notebooks. 
 
All agreed they would definitely use the science notebooks again and felt that 

they learned a tremendous amount about their own instruction, the depth and breadth of 

teacher content knowledge, skills, and dispositions about various, sometimes 

controversial, science topics.   This was best described this way: 

Teachers are a subset of our population and there is no inherent reason that we 
should expect them to know more than the general population; that’s reflected in 
the notebooks that you wouldn’t necessarily learn about what they know and 
don’t know without them. The science notebooks give us more information about 
what teachers know and don’t know versus teacher content inventories. There is a 
value-added component, but this not being anonymous makes a difference. 
Learning issues the individuals have or across the group. You certainly learn more 
in a more formative way. 
 
And finally, we heard reflection from instructors thinking about what’s next for 

science education in general and how the use of the notebooks has made them think in 

different ways about their teaching.  

I’ve been at this now for a major part of life trying to figure out what it is that 
why is science education such a colossal failure. So we keep seeing these patterns 
and nothing has changed in 30 years. We’ve been saying the same for 
generations. The notebooks seem to give us some insight into this area. We need 
to make learning transparent.  
 

Science Teacher Learning 
 

The next step was the analysis of the science notebooks to determine which types of 

teacher knowledge were present in the science notebooks, gain insight into how teachers used the 

notebooks, and inform future research and practice. A random sample (5 from each course for a 
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total of 40) of science teacher notebooks was reviewed at the completion of the 2007 Summer 

Institutes to analyze the types of entries.  Science notebooks were analyzed for common 

characteristics across disciplines and across knowledge bases to determine the types of 

knowledge evidence that appeared in the notebooks.  For simplicity and consistency with the 

most common literature in the area, we decided to look for: (1) science subject matter knowledge 

focused on learning the content and concepts presented;  (2) pedagogical content knowledge 

focused on specific instruction of science in the teachers classroom; (3) pedagogical knowledge 

or any writing about general instructional tools such as classroom management, use of materials, 

or differentiation of learning; and (4) knowledge of context related to issues of schools, 

community, school district (Magnusson, Krajcik, & Borko, 1999).  In addition, we looked for a 

fifth category that we call “world view”.  This final category was developed because of anecdotal 

evidence from instructors about the dissonance that occurred for some teachers related to their 

personal belief systems or their own personal context.  

Science Subject Matter Knowledge 

 Since all of the courses spent a considerable amount of instructional time engaged in 

inquiry-based laboratory experiences, many of the notebook entries were connected to teacher 

lab experiences. These experiences took various forms: explorations, investigations, 

observational verifications, experiments, and field studies.  The chemistry and biology classes 

redesigned their hands-on experiences to implement the Science Writing Heuristic (Burke, 

Greenbowe, and Hand, 2005) and used that approach to “prompt” teachers about content 

learning.  The Physics and Earth courses used a variation of this approach that worked for them 

and their context.  This approach to “lab notes’ is a modification of the “traditional” reporting 

format used in previous courses and was implemented to provide a more inquiry-based approach 
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to reporting and learning.  Teachers were given specific guidelines for their “lab note” entries as 

they conducted their experiments. Figures 1 and 2 illustrate the types of entries teachers made in 

their notebooks related to lab or field activities that followed specific instructional prompts.  

 Because the notebooks were structured around lab experiences, most subject-matter 

knowledge entries were embedded in “lab notes.”  Because classes did not consistently 

implement prompts for soliciting subject matter understandings in lab notes, it became apparent 

that using the 2007 entries as a summative evaluation tool would not be possible.  However, 

many of the entries provided evidence of increased subject-matter knowledge and deeper 

understandings. 

 Instructors that used prompts that asked the teachers to explain and/or summarize lab 

work were most likely to provide evidence of teacher subject-matter knowledge and 

understanding.   The following entry relates to a candle experiment.  This entry shows evidence 

of understanding by the teacher’s proficient use of scientific vocabulary and correct application 

to observed events. 

When the candle is burning, air temperature increases in cylinder, molecules 
spread out and escape out of the bottom of the cylinder.  When the candle goes 
out, air temperature in cylinder drops, air molecules slow down and move 
together, enter the cylinder again, increasing the height of water in the cylinder.  
The next entry also explains The Candle Experiment.  Although most of the 
explanation is correct, the use of word “vacuum” is evidence of an incomplete 
understanding of the term. 
 
Candle heats air.  More collisions.  Air escapes.  Candle goes out.  Temp 
decreases so less KE and less collisions and less pressure.  Vacuum.   
 
Water pushed in. Evidence is more candles, more temperature, more molecules 
escape, more vacuum, more water rises. 

 

 The chemistry explanation below shows evidence that the teacher has learned concepts 

such as evaporation, condensation, and the effect of temperature on gases and air pressure.   
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 Explanation of How Dippy Bird Works 

 1. The fluid in Dippy’s bottom bulb is methylene chloride.  This fluid has a very 
low boiling point.  Methylene chloride also requires less of a lowering in 
temperature for the gas to condense to a liquid. 

 2. The head is dipped into a glass of water.  The liquid begins to evaporate...This 
takes away heat from Dippy’s head…causing head to cool. 

 3. The methylene chloride gas inside Dippy’s head cools and condenses.  Lower 
pressure is created because there is less and less gas molecules in Dippy’s head. 

 4. The lower pressure in Dippy’s head and higher pressure in the bulb draws the 
methylene chloride up Dippy’s neck. 

 When asked to reflect on their learning, teachers often exposed their difficulty learning 

new content.  Entries that elicited the best evidence that teachers, like students, struggle with new 

content were best solicited by the following prompts: 

o Compare Your Ideas to Others 

o How Have Your Ideas Changed 

o What New Understandings and Insights Have You Gained 

o Reflection On What You Have Learned In Labs 

 The explanation for the actions of the Dippy Bird given in the preceding section showed 

a proficient understanding of the basic chemistry concepts.  Yet, a review of the reflection entry 

following the explanation provided a surprising insight into the teacher’s thinking. 

The Dippy Bird demonstrated to me what I don’t know and needed to learn.  One, 
importance of precise observations, and because it made me think and apply the 
concepts I was learning. When I first saw  “Dippy,” I didn’t have a clue about 
how it worked.  I thought it had to do something about capillary action and that 
was as scientific as I could get.  I jokingly thought it was a troop of Sea Monkeys 
swimming back and forth. 
 
After making good observations, I began to notice some subtle features that made 
Dippy unique.  I saw that his body was a bit off center and his head was covered 
with a water absorbent material.  This led me to think about the science we were 
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learning.  I loved thinking about the scientific laws of gas and pressure.  I thought 
about Dippy for 2 straight days.  This activity totally stimulated my thinking. 

 In the following reflection, a physics student laments her lack of background knowledge 

and anxiety over the content.   

I knew my physics background was limited…but I didn’t realize how limited. …I 
still have no clue on how to use the “b’ in the formula or what  it means.  I’m also 
not really clear why I need to know slope, or how it helps me understand math or 
physics more clearly.  After lunch seemed a little easier—there was actually some 
discussion of not coming back - so I was glad it was a little easier.  We used terms 
- force, motion, friction that were/are familiar to me, but I don’ feel like I own 
them yet.  

 The reflective prompts also allowed an opportunity for students to acknowledge their 

misconceptions.   

I started to learn about mirrors as well as mirrors with curves.  I am excited to try 
some experiments with all of this.  Also, I learned that objects in mirrors look 
further than they are…I always thought it was the reverse.   
One misconception I had was that owl pellets were owl poop.   

 Entries following class discussions also provided prompts that elicited new content 

understandings and insights.   

 After listening to J. about hydrophilic and hydrophobic molecules and having 
two different ends for molecule attachment, it makes a little more sense why the 
dish soap swirled.   

 Although the lab notes provided the most information, reading reflections also provided 

evidence of a teacher’s subject-matter knowledge.  In most cases, the readings followed hands-

on lab work.  In this first sample, the teacher makes reference to both her content knowledge and 

its connections to the previous lab work. 

Some of the information in the reading was easy and some of it was more 
difficult.  The beginning of the article was pretty much a review of things I knew 
from my previous classes.  The information on the basics color was a good 
review of wave terminology…formation about electrons moving up and down in 
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energy levels and causing waves was hard for me to wrap my brain around.  I am 
also still trying to grasp adding and subtracting colors when we did our 
experiment  yesterday.  Our results were very different from those described in 
the book.  Although I know the filters were not “perfect”.  I am excited to learn 
more.    

This next entry highlights a new learning that took the teacher by surprise. 

This article [The Fossils Say Yes] and the trip to the museum today really 
opened up my eyes and surprised me as to which organisms are related to whom! 
What is even more astonishing is how much scientists do know about the 
interrelationships of species, even though less than one percent of the species 
that have ever lived are preserved as fossils.   

Misconceptions also were noted in the reflection entries. Here two different misconceptions are 

documented. 

Microbes supply greatest part of our oxygen! Wow! The common misconception 
is that plants supply most of the available oxygen.….80% of all life is 
unicellular.   

This article helped to clear up a major misconception that I had…about evolution 
that it is always an extremely slow and tedious process…SINGLE species are 
adapting and evolving continually at much faster rates. 

Reading reflections were the most likely to elicit concerns over how to reconcile the 

advancements in scientific thinking with what and how to teach science to students.   

Whereas, for a very long time, living organisms were classified according to 
observable physical characteristics, DNA analysis is offering up another method 
of grouping – “family trees” based on phylogenetic relationships among 
organisms….The ramifications of shifting our focus to this deeper level of 
comprehension are unimaginable.  As technology continues to refine, most 
certainly science will peel away even more layers and discover even deeper 
layers of connectedness among all life forms. 

 This prospect is exciting to me. As a teacher, however, it creates a challenge, 
and it reflects more and more the situation of advancing technology.  Our 
constructs are in flux as our understandings about the world are rapidly evolving.  
What this demonstrates quite clearly is that science is a process at least as much 
as it is a body of knowledge.  
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Pedagogical Reflections 

 Reflective entries also provided insight into how teachers were planning to change their 

current classroom practices based on their new understandings.  In some cases, the teachers’ 

increased understanding of the content was linked to curricular change.  

… true evolution is measured by genetic relatedness…based on this there is no 
set number of kingdoms anymore (which was morphological)…Don’t teach 
kingdoms as a group of morphological characteristics…If teaching it, mention it 
in historical context of how classification used to be done…focus on 
mechanisms of classifying.   

It was good to make the DNA double helix.  It helped me to understand base 
pairs and the replicating ability of the DNA molecule and in turn, what happens 
to the chromosomes in the nucleus when mitosis occurs.  

Bill Bryson does a great job at explaining scientific knowledge.  All of my 
previous knowledge about the cell has come from textbooks.  I can’t wait to 
share some of the information with my students.  It’ll be great to implement 
some of this book as literacy in science.    

I will use the websites provided to help my students be visually aware of the 
different phases of mitosis.  I now have a greater understanding of the phases of 
mitosis and the difference in cell division in mitosis and meiosis.  These web 
sites will help show [how objects move] in a controlled environment and in a 
more game/video like learning environment.  The student will be able to play, 
try, succeed, fail and try the impossible.  The sites can be used as a center 
activity after the Agenda has been taught.  They will be able to use the skills to 
experiment with their new knowledge. 

 When asked the best part of the summer courses, one teacher wrote “labs tied to content 

were my most valuable gains.”  Frequently, lab reflections included references to implementing 

the hands-on labs in the teachers’ classrooms. 

 My biggest understanding was not so much the content but how I can use this 
[lab] in the classroom. 

The evaporation/condensation lab will fit very nicely and (strengthen) my phase 
change unit.   
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I have used this laboratory experiment to demonstrate conservation of “mass.”  
The added layers of information presented here will help me to activate students 
knowledge of this lab at different points to enforce a concept other than 
conservation.   

I really enjoyed it [Solid ID Lab] because it was not easy…I will use this lab 
because it is great for kids to develop and conduct experimenters…In this lab, 
kids need to adapt to their findings.   

Pedagogical Knowledge 

The following pedagogical reflections evidence the importance of modeling best 

practices in teacher professional development courses.  When teachers experience the practice, 

they are more likely to consider implementing it in their teaching.  In both of these cases, the 

instructors explicitly described the practice and then modeled it with their students. 

I love the way the SWH [Science Writing Heuristic] allows students to form their 
own questions and clearly has them state claims followed by evidence most of all.  
I like the reflections section.  Students often develop questions and thoughts 
during lab and this provides a space where they can freely share these with out 
worrying about how the ideas get in the way of the data.   

As a special ed teacher, I think this [word splash reading strategy] will be  a very 
useful tool for reading expository text.  My role on my team is to  provide 
literacy instruction strategies for all 8th graders to support the content areas.  
Many kids, special ed especially, have big challenges with  reading and 
understanding textbooks.  This strategy supports vocabulary development, reading 
for information, identifying main ideas, and summarizing. 

Because the teachers were placed in the role of students, they had more time to reflect 

on the act of teaching.  Frequently, pedagogical reflections addressed their desire to be 

more responsive to their student’s needs. 

Now I can see how engaging and worthwhile this [hands-on learning] can be to 
help students understanding.  

This [Black Box] activity inspired me to always implement an engagepiece when 
introducing scientific concepts.  All of the engage activities had the same effect 
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on me as a student & therefore I am confident my students will find inspiration.  
The engage activities pique my interests & provoked me to make connections.    

This activity reminded me of how important it is to draw on students’ past 
experiences and background knowledge, as this really helped me in this activity.  
Too often, I am strapped by time/finances and into content without tapping into 
students’ prior knowledge and engaging them.  

The activity was helpful in letting me see how students may question fossils and 
science topics at times when we as teachers can’t always prove to them that what 
we are teaching them is the truth.  We take for granted that students will believe 
everything we tell them, but have to remember that a lot of theories in science 
are still unknown or can be theories and everything is not a fact. 

Since I am a hands-on learner, the actual skeletons were an excellent way to 
learn comparative anatomy between the chicken and the cat and helped me 
understand the concept of homology much easier than if we had only had the 
diagrams to look at.   

I think this (field work) would be fun to do with my students but the logistics 
would be difficult.  Perhaps it could be an extra credit project on a weekend and 
rent a van or I might just collect the samples myself and have the students 
analyze it.  I think I would also add Bear Creek Reservoir and perhaps Chatfield.   

Context 

 Interestingly, we did not find evidence of contextual issues or problems related in the 

science notebooks that were reviewed. This was surprising because again anecdotal evidence 

from instructors would tell us that were constantly struggling with school and/or school district 

mandates about the concepts to teach, how long to teach a particular concept, when to teach the 

concept, and curricular constraints. Of course, there wasn’t a prompt that asked about obstacles 

to teaching specifically; nonetheless we expected something.  

World View 

World view takes on a life of its own and teachers used science notebooks to One student 

used a reading reflection to express her dissonance between the science content and her personal 

beliefs.  These two entries, both from the same student, highlight the need for students to be able 

to express themselves when discussing potentially controversial subjects. 
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I have a difficult time reading this article with an open mind when I am a 
Christian who believes in God.  However, I try to have an open mind to see the 
other perspective…  

I’m not sure I agree with the statement that “This is their (Bacteria) planet, and we 
are on it only because they allow us to be.”  I do agree that we couldn’t survive a 
day without them. 

 New subject-matter knowledge also has a way of “freaking out” students as evidenced by 

this student’s entry. 

I don’t know whether to be freaked out or what! I mean my mother-in-law just 
returned from Peru – no telling what weird ‘bugs’ she brought home as souvenirs 
and we just had her over for dinner – Oh Great!!  No new antibiotics since the 
70’s – we better get moving!!   

Discussion 

Even though implementation of the notebooks differed, instructors agreed that the science 

notebooks documented new understandings and new knowledge. The notebooks allowed 

instructors to provide immediate feedback to teachers if they chose to do so and re-teach when 

necessary even in short institute courses where time was limited. In general, the co-teaching 

model was important in the implementation of the notebooks and both STEM and education 

faculty had an important role to play. The notebooks caused STEM faculty to re-evaluate the 

material they were teaching, keeping the learner in mind.  Education faculty realized the power 

of the notebooks as an instructional tool and possibly an assessment tool.  All of them recognized 

the potential of the notebooks as a tool for teacher professional learning. Perhaps this is because 

the use of the notebooks allowed teachers to take on the role of the student and provided a 

vehicle to process both new content and pedagogy.    

Well-chosen readings and resources also provided evidence of subject-matter learning. 

The classes that formally incorporated or required the teachers to reflect on their lab experiences 

and comment on new insights and understandings, provided formative assessments of what was 
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understood and/or needed more instruction.  When the teachers’ writings were acknowledged by 

instructors and used to modify instruction, teachers were more likely to express their feelings and 

anxieties as well as honestly report their new learnings. 

Pedagogy reflections noted possible changes in classroom instruction as a direct result of 

class work.  The number and kinds of changes evidenced in notebook entries suggest their use in 

assessing changes in teacher practice that have not been assessed in other ways.  Modeling 

pedagogy seemed to be the best way to provoke teacher change by showing teachers how to 

implement and make changes in their classroom.  Even doing an experiment that many of the 

teachers had done prior to the course evoked positive responses to change.  

Prior to using science notebook entries as an assessment tool, specific and common 

guidelines among classes should be determined.   The richness of the responses perhaps 

correlates to the degree of instructor “buy in” and how the instructors used the notebook as a 

form of formative and/or summative assessment.  

Implications 

Instructors cited several factors for consideration and further analysis including teacher 

reflection about content knowledge, teacher reflection about beliefs versus knowledge; accuracy 

of drawings and graphic representations; new understandings; misconceptions, pedagogical 

connections; and the demonstration of scientific inquiry and metacognitive processes.  

Ultimately, implementation of science notebooks with teachers in teacher professional 

learning helped these teacher educators gain insight into the ways teachers learn, reflect, and 

process new content knowledge. In the second year of implementation, it will be critical for all 

the instructors to agree on purpose and come closer together on a common implementation 

model. If the science notebooks are to be used for assessment purposes, individual teams will 
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need to agree on the concepts that are most important and the strands that can be assessed over 

the duration of the summer institute and the structured follow-up; if not a second summer 

institute course.  For example, whether there are common threads and a deeper knowledge base 

across Chemistry I and Chemistry II or Biology I and Biology II.  The project management will 

also have to help instructors create a common rubric for analysis of the notebooks and work 

towards interrater reliability.  Education and STEM faculty will also need to work as a team and 

share responsibility for implementation and assessment as each views the notebooks with a 

different perspective and in most cases a different level of content expertise.  

For the science education field, science notebooks as an instructional and/or assessment 

tool in science teacher professional learning could provide teacher educators and staff developers 

with an authentic way of discerning teacher knowledges. Critical to this work will be the ability 

to develop systems and models for teacher notebooking that produce results conducive to this 

work. 
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Table 1. Science Writing Prompts  

Chemistry Biology Physics Earth Science 

 Beginning 
Questions as 
Posed by Students 

 Tests as Outlined 
by Students 

 Observations 

 Claims  

 Evidence  

 Comparing Ideas 
to Others 

 Reflecting on 
How Ideas 
Changed 

 

 Beginning 
Questions 

 Procedures 
(Summary of 
Procedures, 
include safety 
issues) 

 Results- 
data/observations 

 Explain-describe 
your claims and 
evidence 

 Discussion  

 New 
Understandings-  

 Use class, 
readings, to reflect 
on how content, 
learning cycle, 
and human 
systems relate.   
  

 Vocabulary and 
Definitions 

 Pre-lab 
Information: 
Formulas, 
Diagrams, 
Content-based 
notes 

 Observations:  

 Measurements & 
Calculations 

 Data Tables 

 Calculations  

 Graphs 

 Statements 
Describing Data 
Relationships  

 Statements 
Summarizing 
Ideas 

 Lab Reflections 

 

 Geology Content-
based Information 

 Vocabulary 
Specific to Field 
Work 

 Annotated 
Sketches  (ie., 
Fossil Bones 
Found at the Sites) 

 Information on 
Field Work 
Studies 
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Figure 1 

 Chemistry  

Chemistry Sample Lab Notes Entry 

Beginning Question:  How does the mass and size of a naked egg (egg without outer shell) 
change in different liquids over the course of several days?   

Tests:  Fill each beaker with a different solution so that the egg is covered in fluid:  vinegar, 
kool-aid, distilled water, tap water, and vegetable oil.  Find the mass of each egg every day, 
including qualitative observations. 

Observations 

Substance Initial Mass of Egg ∆ Mass of Egg After 

5 days 

Vinegar 89 g +2.5 g 

D. Water 95.8 g -4.1 g 

T. Water 90.6 g +4.7 g 

Kool-Aid 82.7 g +7.2 g 

Veg. Oil 88.7 g -0.3 g 

 

Day 5 Observations:  We are confused about the mass changes of the distilled water and tap 
water since they are opposite, so we are going to retest the control and 2 types of water for 4 
more days.   

Claims:  My Claim is that water and red dye molecules can move across the membrane of the 
naked egg, causing the mass of the egg to increase.  Water moves because of difference in 
concentration.   

Evidence:  The data that most strongly supports my claim is that the mass of the two eggs in 
different types of water increased each day and that when we opened up the kool-aid egg at the 
end of the first experiment, the membrane and inside fluid of the egg were red, just like the kool-
aid was.  Since there is no water in the vegetable oil, water would not move out of the egg into 
the oil.  We did not notice a substantial difference in the vegetable oil egg. 

Comparing Ideas to Others:  The experiment performed by S. in class where he poured and 
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buried a naked egg in solid sugar was very interesting to me because over the course of the class 
it was obvious that water moved out of the egg as the egg became drastically smaller and liquid 
began forming.  So, overall we can conclude that water moved across the membrane of an egg, 
and moved from greater concentration to lower concentration. 

Reflecting on How Ideas Changed:  I came in with some background knowledge on osmosis but 
thought that it [osmosis] was specific to water.  After discussing in class, I learned that it 
[osmosis] is more broad than that and includes travel of any solvent molecule across a semi-
permeable membrane. 

 

 



  Science Notebooks     30  

 

Figure 2 

Biology 

Biology Sample Lab Notes Entry 

Beginning Questions: Why is the water going up?  What part are the candles playing?  Does the 
size of the candle make a difference? What difference does temperature make? 

Procedures: Use 3 different candle sizes, time the burn out, measure the level of water that came 
into the glass cylinder…  

Results:  

Candle Length Time Burn Out Water Level 

Small Candle 19.44 sec 4.5 cm 

Medium Candle 26.26 sec 4.5 cm 

Large Candle 6.49 sec 4.5 cm 

 

•3 candles burn out at different times but fill cylinder much more-to about 10 cm 

•3 lg and 3 sm candles give about same results 

 Explain: Our results don’t support our original prediction that the candle size would affect the 
level of the water that would be drawn into the cylinder.  The level of the water was unchanged 
no matter what size candle we used.  This does not seem to support our idea that the water is 
replacing  the oxygen that the candle is using by its burning. 

Discussion: The group discussion and further exploration and experimentation helped to develop 
the idea that we were not looking at the right thing.  The question posed by the facilitator of if 
there is 21% of air made of oxygen, how much of the air should have been replaced by water was 
the piece that finally made me piece together why we were not talking about oxygen. …Without 
that discussion, it would have been hard to move my thinking because I only had my frame of 
experience. 

 Procedure Questions:  Did the escaping or bubbling have any effect on our results or 
experiment?  What happened when we used 3 candles all together? Why did the water level not 
change drastically with each candle? 

New Understandings:  Originally we thought that the size of the candle would have an effect on 
the water level and that did not happen.  We know now that the bubbles did have something to 
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do with our results.  As the candles heated the air inside the cylinder, according to the theory of 
kinetic molecular matter, the molecules were moving faster and spreading apart.  So were 
looking for a place to escape and that was the bubble we were noticing.  As the molecules 
escaped and the air-cooled then they moved back together, drawing the water back into the 
cylinder.   

 

 


