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CHAPTER I 
 

INTRODUCTION 
 

According to the National Center for Education Statistics (2006), only the fourth 

graders showed an improvement on the 2005 National Assessment of Educational 

Progress (NAEP) science exam.  The eighth graders stayed the same, while the twelfth 

graders actually dropped from the year before.  Progress and status quo were not exactly 

safe, either, since the scores were significantly low to begin with.  In Los Angeles 

County, only 28% of fifth graders, 33% of eighth graders, and 29% of tenth graders 

scored proficient or above in the 2006 California Standardized Tests in science.  The rest 

failed to meet their grade level content standards.  Scores were still low in high school 

biology, chemistry, physics, and earth science tests where majority of the students fell 

below the expected grade level proficiency.  Statistics reflect overall poor student 

achievement in science.  

Why are American students not successful in science?  How do we explain the 

significantly low student performance?  What can we do to help students learn and enjoy 

science?  Possibly, science education at its current state is ineffective and insufficient in 

reaching all students.  Students cannot construct meaningful connections between their 

real life experiences and seemingly irrelevant facts in the classroom, so this 

disconnection withdraws further interest in the subject (“How People Learn,” 2000).  Is 

there a better or another way to teach science?  If so, what will it look like in a 

classroom?  To find the answers, some researchers have studied the effects of writing in 

science and its correlation to student interests and achievement.   
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 In the past few years, there had been a steady increase in research interests in 

literacy in science education.  A keyword search in the university library database would 

pull up an endless list of search results on this topic.  California Science Teacher 

Association Conferences offered workshops in literacy in the recent years.  Districts 

statewide invited literacy experts to provide professional development for content area 

teachers.  The newly adopted California science textbooks in 2008 included reading 

comprehension strategies and writing prompts in each chapter.  Continual decline in 

overall student performance had raised concerns and opened discussions amongst 

educators.   

In light of the recent findings of possibly improving student performance in 

science through literacy, a local school district adopted a district-wide instructional focus 

on reading and writing.  Across the curriculum, students wrote to summarize, reflect, 

analyze, and explain their learning process.  Instructional strategies were focused on 

teaching students how to read and write.  Reading strategies guided the students to 

summarize the essential concepts from the text.  Through writing, students demonstrated 

their understanding of the content.  This action research reviewed the latest findings in 

this field as implemented in middle school science courses. 

Purpose Statement 

 This research was conducted in three periods of eighth grade physical science to 

examine the effects of writing on students’ learning attitudes and performance in science.  

The research questions were: 

• Does writing in science increase students’ learning attitudes and interests? 

• Will the writing-to-learn strategy increase student performance? 
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Importance of the Study 

Teachers and parents alike would support the claim that science education 

develops critical thinking and problem solving skills.  As witnessed from the researcher’s 

personal experience, the ability to analytically assess the unknown and to appropriately 

respond is a prerequisite for success whether the student advances to higher education or 

readily joins the workforce.  Economists point out that the world is becoming 

increasingly globalized, and the economy is now largely driven by science and 

technology.  Soon after the students complete their secondary education, they will be 

faced with the real world and the competitive global job market.  For the United States to 

maintain its top economic status, schools need to adequately equip the new generation not 

only to survive but also to thrive in the future.  This includes success in science education.  

Not only would we raise the future scientists and engineers, but we would also educate 

the rest of the general public to be more knowledgeable in science. 

Scientific literacy must accompany science education.   Aside from learning the 

science content, acquiring literacy in science is a must.  The ability to read and write in 

science and in any other academic discipline is an essential skill for every student to 

acquire in secondary education.  Writing is one of the most common methods of 

communication.  Colleges look for proficiency in reading and writing as reflected in the 

students’ standardized test scores.  Without it, students will not succeed in undergraduate 

courses.  Especially with the use of the Internet and email, the ability to clearly and 

concisely communicate in writing is an expectation. Every graduate applying for a job is 

expected to demonstrate this skill.  In schools, students can demonstrate their knowledge 

through writing as they would in the business world.  
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The findings of this action research will be of value to other science educators 

seeking to increase learning attitudes and interests and improve student performance in 

science and will encourage science and other content area teachers to incorporate writing 

in their curriculum. 

Definition of Terms 

• Writing-to-Learn Strategy:  Using writing as a way to gauge the prior knowledge 

and to monitor the progress of the student learning. 

• Summarization:  Identifying the essence of a text or a concept and paraphrasing 

the information through written, kinesthetic, or artistic means. 

• Quarterly Writing Prompts:  Formative, one-paragraph assessment assigned 

quarterly to check for student understanding and writing. 

• Chapter Tests:  Summative assessments given at the end of each chapter in 

multiple-choice, modified true and false, and short-answer questions. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

Conceptual Change Through Writing 

Swafford and Bryan (2000) reviewed various ways of correcting students’ 

misconceptions in science and found that writing could effectively address the abstract 

concepts many students struggled with.  Concept-Oriented Reading Instruction (CORI) 

motivated students through positive social interactions and increased achievement 

through new reading and writing strategies (Swafford & Bryan, 2000, p.149).  Discussion 

Webs prompted students to share with each other the different viewpoints and self-correct 

any misconceptions (p.151).  Collaborative writing developed the reasoning skills as the 

students read and critiqued each work’s written work (p.154).  Learning logs and divided 

page journals allowed students to process new information and express their feelings 

(p.157).   

As students brought into the classroom their prior knowledge, their incorrect or 

incomplete understanding adversely affected how they learned (Swafford & Bryan, 

2000).  When students encountered a “cognitive conflict”, they reverted to their own 

intuitions and initially had a strong resistance against accepting the counterintuitive 

concept.  To promote conceptual change, researchers suggested the following model:  

“First, students must be dissatisfied with their existing explanations of natural 

phenomena.  Next, new conceptions must be intelligible and plausible.  Finally, new 

conceptions must be fruitful for solving problem” (Swafford & Bryan, 2000, p.140).  

Writing helped clarify student understanding through these steps.   
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Hand, Prain, and Wallace (2002) conducted two separate studies to examine the 

effects of writing-to-learn strategies in student performance on test questions.  One study 

consisted of a group of tenth graders during the genetics unit.  Another study consisted of 

a group of ninth graders during the light unit.  Each study had a control group and a 

treatment group.  In the first study treatment group, the students were assigned one 

writing task during the unit.  In the second study treatment group, the students were 

assigned a series of writing tasks throughout the unit.  At the end of the unit, both the 

treatment and the control groups were asked one higher order analogy question on the 

test.  

In both studies, the researchers found that the treatment group outperformed the 

control group.  The students had acquired deeper conceptual understanding of the topic 

through writing.  However, they noticed that unless the test questions or the assignments 

had been designed to draw out higher order thinking, the students’ responses did not 

necessarily reflect a change in conceptual understanding.  Writing had no significant 

difference in the students’ ability to answer basic, low order questions, but there was a 

statistically significant difference in answering advanced, high order questions.  The 

researchers explained that even when students had acquired advanced concepts, the 

nature of the test questions did not always allow the students to demonstrate the depth of 

their understanding.  To develop deeper conceptual knowledge, they recommended that 

students should be given more challenging assignments and test questions. 

Writing Strategies 

Different strategies in writing could serve different learning needs.  Graphic 

organizers facilitated mapping of the general ideas and displaying the connections to each 
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other (Hall & Strangman, 2002).  Note-taking focused the students on the details of each 

concept (Burke, 2001).  Daily learning logs provided opportunities for students to 

articulate and communicate any confusion and to monitor their own progress (Swafford 

& Bryan, 2000).  All together, writing actively involved the students in all stages of 

learning (Hand & Prain, 2002) 

Another use of writing in the classroom is spontaneous metaphors.  A metaphor is 

defined as “a language that directly compares seemingly unrelated subjects” (Wikipedia).  

Use of spontaneous metaphors integrated cognitive, emotional, social, and meta-cognitive 

aspects (Levin & Wagner, 2006).  As students came across new concepts in science that 

were difficult to grasp, writing provided the opportunity to reflect thoughts and express 

feelings in the learning process (Swafford & Bryan, 2000).  The analogical nature of 

metaphors allowed the students to communicate ideas that were often difficult to express 

in literal language (Levin & Wagner, 2006).  

Aside from the technical writing tasks traditionally assigned in secondary science 

courses, Hildebrand (1999) found that an informal writing-to-learn approach not only 

challenged students’ prior misconceptions in discrepant events, but also sparked student 

interest in learning.   

Writing and Student Engagement 

Students were more motivated to learn when they were given opportunities to 

actively participate in the lesson (Mitsoni, 2006).  In particular, listening, talking, 

reading, and writing activities took advantage of the middle school students’ social needs 

to interact with their peers (Swafford & Bryan, 2000) and at the same time developed 

higher cognitive processing (Rivard & Straw, 2000).  Rivard and Straw (2000) studied 
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the effects of talking and writing on learning science, and found that peer discussion and 

analytical writing together extended retention of knowledge:  Talk was important for 

“generating, clarifying, sharing, and distributing ideas” (p.568) and writing was important 

for “refining and consolidating new ideas with prior knowledge” (p.588). 

William Straits, a science teacher and an assistant professor of science education 

at California State University Long Beach, began each unit with an activity he labeled 

“Mystery Box Writing” (Straits, 2005).  He brought in a mystery object in a concealed 

box, and his students asked yes or no questions to try to identify what was inside.  Straits 

guided the students to ask three types of questions (Straits, 2005, p. 34): 

 “Does it ___? / Can it ___?  (verbs),” 
 “Does it have ___? / Is it a ___?  (nouns),” or 
 “Is it ___?  (adjectives).” 
 
During the Q & A session, the students recorded all the questions and the answers 

exchanged.  This was their data collection process.  Based on the gathered information, 

they then came to predictions as to what the mystery object might be.   

Straits found that the students’ questioning and critical thinking skills improved 

throughout the year as he repeatedly used this activity, and the students became more 

interested in science. This case study noted the importance of long-term, consistent 

inclusion of writing in the lesson and intentional instructional feedback (Hand & Prain, 

2002). 

Literacy in Science 

  Writing develops literacy in science.  The National Science Education Standards 

defines science literacy as students’ abilities to “engage intelligently in public discourse 

and debate,” “construct explanations of natural phenomena, test these explanations in 
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many different ways and communicate their ideas to others” and “develop a rich 

knowledge of science, become familiar with modes of scientific inquiry, rules of 

evidence, ways of formulating questions, and ways of proposing explanations” (NSTA).   

According to the National Science Education Standards, the students are expected to 

clearly demonstrate their knowledge to others through writing.  They are being trained to 

become informed and active participants in public debate on scientific issues.   

Rubrics 

 One instructional challenge in implementing student writing in the classroom was 

not having adequate scoring criteria for assessing the writing assignments (Hand & Prain, 

2002).  Most science teachers had not received much training in teaching reading and 

writing.  In grading, they were not sure how to weigh the content versus the expression.  

One first-year teacher commented, “Student writing was difficult to correct because I 

don’t know whether I should be correcting students’ expression and spelling as well as 

the science concepts that they do or don’t understand” (Hand & Prain, 2002, p.747).   

The expectations of the assignment needed to be clearly communicated to the 

students, so they knew what they should include in their writing.  Rubrics set the above 

criteria and provided students with more useful feedback about what they did correctly 

and how they could improve (Andrade, 2000).  In most cases, the content was more of a 

priority than language skills and creativity. 

 When appropriately assigned, writing is an authentic reflection of student 

knowledge (Warwick, Stephenson, Webster, & Bourne, 2003).  In the beginning of the 

unit, the students’ writing demonstrates their prior understanding (or misunderstanding) 

of the topic (Levin & Wagner, 2006).  This is an instructional tool to identify the 



Writing in Science     11 

students’ strengths and misconceptions.  The teacher then could deconstruct and 

reconstruct the students’ knowledge.  Throughout the unit, writing allows students to 

formulate, clarify, and build their understanding (Wormeli, 2004).  Writing provides 

opportunities to build connections between their personal experiences and the content 

knowledge (Swafford & Bryan, 2000).  Writing is an instructional tool with advantages 

and disadvantages.  In any effective teaching practice, appropriate design and consistent 

follow-ups are the key to lead student learning (Hand & Prain, 2002).   
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CHAPTER III 

METHODOLOGY 

Participants 

 The sample consisted of 100 eighth graders (43 girls and 57 boys) between the 

ages of 13 and 14.  The students were divided into three different periods:  Period 1 

consisted of 34 students (17 girls and 17 boys).  Period 2 consisted of 32 students (12 

girls and 20 boys).  Period 3 consisted of 34 students (14 girls and 20 boys).  There were 

no significant differences between the groups, and all three groups received the same 

instruction.  The population was ethnically diverse with approximately 10% blacks and 

Hispanics, 30% Asians, and 60% whites.  One teacher participated in the study. 

 Located in a suburb in Southern California, the school was a high performing 

school with an Academic Performance Index (API) of 889 and had been recognized as a 

National Blue Ribbon and California Distinguished school several times in the past.  

Three out of every four students (77.1%) were proficient or advanced in English language 

arts on the California Standardized Test (CST).  Eight out of every ten students (80.4%) 

were proficient in math CST.  In the 2007-2008 school year, the school adopted writing 

as an instructional goal as stated in the following:  In a school-wide effort all students will 

show measurable growth in their ability to demonstrate content knowledge through 

writing as measured by writing prompts and state-wide assessments.  At the time of the 

study, there were approximately 1400 students enrolled in seventh and eighth grades.  All 

eighth graders were enrolled in physical science.  The neighborhood belonged in the 

middle socioeconomic status.  Parents and guardians were actively involved in the 

children’s education.   
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Materials 

In the fall of 2007, the district newly adopted the Prentice Hall textbooks for the 

middle school science department.  Each student received a copy to take home and each 

teacher received a set for the classroom.  Also, Reading and Note Taking Guide 

workbooks were provided for each student to use.  Besides the textbook and the 

workbook, the lab manual was used in every chapter to supplement the experiments.  The 

teacher handed out guided, fill-in notes for the students to complete during lectures.  

Occasionally, Bill Nye science educational videos were shown along with guided 

questions to reinforce the main concepts.  Homework was assigned on Mondays and 

Wednesdays.  Demonstrations and other hands-on activities were done two or three times 

a week.   

 The researcher used the following instruments to collect data:  student surveys, 

writing prompts, and chapter tests.  Pre-survey questions asked the students about their 

initial learning attitudes and interests in science (see Appendix 3.1).  The same questions 

were again asked on the post-survey (see Appendix 3.2).  Comparison of the students’ 

responses in both pre- and post-surveys indicated whether or not they showed more 

interests in science through the study. Department grade level teachers collaborated to 

design the writing prompts (see Appendices 3.3, 3.4, and 3.5) each quarter, and the 

results were graded according to the rubrics (see Appendix 3.6) to evaluate the students’ 

content knowledge and the progress in writing skills.  Chapter tests consisted of two 

parts:  multiple-choice and modified true and false on the Scantron and open-ended short 

answer questions in writing (see Appendix 3.7). 

Procedures 
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The study was conducted for 30 school weeks beginning in September 2007 and 

ending in March 2008.  

Student Surveys 

Questionnaires were conducted in September in the beginning of the study (pre-

survey) and again in March at the end of the study (post-survey).  To gauge the students’ 

attitudes toward science, the researcher asked an open-ended question, “Overall, how do 

you feel about science?”  The students wrote about their past experiences in science and 

their perceived strengths and weaknesses in the subject.  They described how much they 

liked or disliked the subject.  To survey the students’ interests, the students were given 

the table of contents and asked to choose one chapter they would be most interested in 

learning more about in the new school year (see Appendix 3.8).  At the end of the study, 

the students were given the same set of questions. The responses to both questions were 

written down and collected. 

Writing Prompts 

Writing prompts were collected quarterly—in September, December, and March.  

There were total of three.  In each quarter (approximately every 10 weeks), students were 

asked to write a short paragraph on an essential content standard from the unit, assigned 

either as a homework assignment due the following day or as an in-class assignment due 

at the end of the period.   Each assignment allowed for a brief pre-discussion of the topic 

and for another 15 to 20 minutes for the writing.  Writing prompts were based on the 

most basic concepts of the unit and were used to informally assess student understanding 

(see Appendices 3.3, 3.4, and 3.5).  Students peer reviewed before turning in the 
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assignment.  The teacher then read and scored the paragraph in a scale of 4-3-2-1 

according to the rubrics (see Appendix 3.6). 

Chapter Tests 

At the end of almost every chapter, there was a summative assessment. There 

were total of six chapter tests—1, 2, 3, 4, 5, 6 & 7. Questions consisted of multiple-

choice, modified true and false, and short answer questions. On the short answer 

questions, students were asked an open-ended writing prompt and their responses were 

graded on the ability to clearly demonstrate content knowledge (see Appendix 3.7).  

Cumulative multiple-choice final exam was given at the end of the semester.  Each test 

was out of 100 points, and the final counted as two chapter tests (200 points).  

Analysis 

 Pre- and post-survey responses from all three classes were divided into two 

categories:  interests and attitudes.  For each period, interests were sorted by the content 

standards and used as the baseline of their interests in the subject (see Appendix 3.9)..  

The results were graphed on a bar graph.  There were four bar graphs—one for each 

period and another one for all three classes. The attitudes were sorted as positive, 

negative, mixed, neutral, and no response and the results were graphed on a pie chart.  

For the writing prompts, students’ individual scores from all three classes were recorded 

on the same Excel spreadsheet, and the average of each prompt was calculated. Missing 

scores were counted as zero.  Results were graphed as a line graph and a bar graph.  

Average chapter test scores were entered as percentages and graphed as a line graph and 

a bar graph. 
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CHAPTER IV 

FINDINGS 

Research Questions: 

• Does writing in science increase students’ learning attitudes and interests? 

• Will the writing-to-learn strategy increase student performance? 

Pre-Survey of Student Attitudes 

 Students were asked, “Overall, how do you feel about science?”  Of the 100 

students included in the research, only 90 of them returned their pre-survey 

questionnaires.  Evidently, the other ten were not included in this particular measure.  In 

period 1, out of the 34 students enrolled, 31 students returned their responses as the 

following:  23 positive, 2 negative, 4 neutral, 1 mixed, and 1 no response. 

TABLE 4.1 Period 1 Pre-Survey of Student Attitudes 
 

Response Number Percentage 
Positive 23 74.19354839 
Negative 2 6.451612903 
Neutral 4 12.90322581 
Mixed 1 3.225806452 
No Response 1 3.225806452 
Total 31 100 

 

In period 2, out of the 32 students enrolled, 29 students returned their response as the 

following:  17 positive, 7 negative, 3 neutral, 2 mixed, and 0 no response. 

TABLE 4.2 Period 2 Pre-Survey of Student Attitudes 

Response Number Percentage 
Positive 17 58.62068966 
Negative 7 24.13793103 
Neutral 3 10.34482759 
Mixed 2 6.896551724 
No Response 0 0 
Total 29 100 
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In period 3, out of the 34 students enrolled, 30 students returned their responses as the 

following:  18 positive, 6 negative, 1 neutral, 4 mixed, and 1 no response. 

TABLE 4.3 Period 3 Pre-Survey of Student Attitudes 
 

Response Number Percentage 
Positive 18 60 
Negative 6 20 
Neutral 1 3.333333333 
Mixed 4 13.33333333 
No Response 1 3.333333333 
Total 30 100 

 
When asked about their attitudes in science, the students in all three periods responded as 

the following: 64% positive, 17% negative, 9% neutral, 8% mixed, and 2% no response.  

FIGURE 4.1 All Periods Pre-Survey of Student Attitudes 
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In all three periods, out of the 100 students enrolled, 90 students returned their responses 

as the following:  58 positive, 15 negative, 8 neutral, 7 mixed, and 2 no response. 

TABLE 4.4 All Periods Pre-Survey of Student Attitudes 

Response Number Percentage 
Positive 58 64.44444444 
Negative 15 16.66666667 
Neutral 8 8.888888889 
Mixed 7 7.777777778 
No Response 2 2.222222222 
Total 90 100 

 

Here are examples of each type of response: 

• Positive:  “Science is my favorite subject. I think the reason I mainly feel this 

way had a lot to do with my teacher last year, she made it so fun.  But also, 

science fascinates me.” 

• Negative:  “I feel that science is a challenging subject because there is a 

bunch of stuff to learn and memorize.”  

• Mixed:  “I feel very nervous, but also excited about science. I am going to 

learn so much new things that interest me.” 

The 2% no response was either an omission or an incomplete response.  As shown above, 

students were generally interested in science. 

Pre-Survey of Student Interests 

 Along with the pre-survey questionnaire, the students were given the table of 

contents of the textbook and were asked to choose the chapters they were most interested 

in learning about (see Appendices 3.1 and 3.9).  Of the 90 responses collected in all three 

periods, the top two content standards were earth in the solar system and reactions:  38 

selected chapters on astronomy and 25 selected chapters on chemical reactions.  The 
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other topics included chemistry of living systems, density and buoyancy, forces, motion, 

periodic table, and structure of matter.  However, these did not receive any more than a 

handful of votes.  Three did not choose a specific topic of interest.  Results from all three 

periods are shown in the table below followed by the bar graph. 

TABLE 4.4 All Periods Pre-Survey of Student Interests 

Responses Number Percentage 
chemistry of living systems 4 4.444444444 
density and buoyancy 2 2.222222222 
earth in the solar system 38 42.22222222 
forces 4 4.444444444 
motion 5 5.555555556 
periodic table 4 4.444444444 
reactions 25 27.77777778 
structure of matter 5 5.555555556 
no response 3 3.333333333 
total 90 100 

 

FIGURE 4.2 All Periods Pre-Survey of Student Interests 

 



Writing in Science     20 

Quarterly Writing Prompts 

 In the course of the 30 weeks, three writing prompts were assigned.  For all three 

periods, the overall averages for the first, second, and third were respectively 2.15, 3.02, 

and 2.07 out of a 4-point scale (Figure 4.3).  

FIGURE 4.3 All Periods Quarterly Writing Prompts 

 

Between the first and the second writing prompt, there was an average of 0.65 

points in improvement (see Figure 4.4).  Of the 98 students who turned in their writing 

prompts, 59 students showed positive growth—39 in one point, 19 in two points, and one 

in three points.  Only eleven showed decline—three in one point and eight in two points. 

The rest scored the same on both the first and the second writing prompts.  The increase 

from the first to the second writing prompt was statistically significant (p=7.4 x 10--8). 

Between the second and the third, the average scores actually declined by 0.18 

(see Figure 4.4).  Of the 98 students, 24 students showed positive growth—17 in one 

point, four in two points, three in three points.  Thirty-eight students showed decline—26 

in one point, 11 in two points, and one in four points.  The rest showed neither an 
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increase nor a drop between the second and the third writing prompts.  The decrease from 

the second to the third prompt was not statistically significant (p=0.08).   

Overall, the students showed an improvement of 0.47 points throughout the study 

(see Figure 4.4).  The change between the first and the third prompts was statistically 

significant (p=6 x 10-6).  The figure below shows growths (positive and negative) 

between each of the three prompts. 

 

FIGURE 4.4 Quarterly Writing Prompts Growths 

 

Chapter Tests 

 In the first semester, the students took six chapter tests.  Each chapter test had 

multiple-choice questions, modified true and false, and short-answer questions.  The 

points from all three periods were added and calculated as the total percentage.  Scores of 

each student on each chapter test in each period were added and then averaged.  Chapter 

5 had the highest average score.  Chapter 1 had the least average score (see Figure 4.5).  

Scores ranged between 70 and 80.  
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FIGURE 4.5 All Periods Average of Chapter Tests 

 

However, the difference between each chapter test was not always statistically 

significant (see Table 4.5).  The most significant change was from chapter 1 to chapter 2 

(p=0.01).  Between the very first chapter test and the second chapter test, the students 

improved most significantly.  A drop between chapters 2 and 3 was not significant 

(p=0.11), but another drop between chapters 3 and 4 was significant (p=0.03).   Another 

increase from chapter 4 to 5 was nearly significant (p=0.049), but any other changes 

thereafter were not significant.  Overall, there was no statistically significant change from 

chapter 1 to the final. 

TABLE 4.5 All Periods Average of Chapter Tests—Changes  

CHAPTERS 1 & 2 2 & 3 3 & 4 4 & 5 5 & 6/7 6/7 & Final Final & 1 
T TEST 0.017763533 0.114286151 0.026820317 0.049427752 0.111127546 0.275238421 0.246251185 
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Post-Survey of Student Attitudes 

 At the end of the study, the students were again asked about their attitudes toward 

science:  “Overall, how do you feel about science?”  Of the 100 students included in the 

study, 96 returned the post-survey questionnaires.  In all three periods, the responses 

showed 47% positive, 39% negative, 6% neutral, and 8% mixed (see Figure 4.5).  The 

number of students who said they felt positive dropped by 13 whereas the number of 

students who said they felt negative increased by 12.  However, this change was not 

statistically significant (p=0.42).  The number of neutral and mixed stayed about the same.  

The circle graph below shows the breakdown of the post-survey responses followed by a 

double bar graph showing the post versus pre (see Figure 4.6). 

FIGURE 4.5 All Periods Post-Survey of Student Attitudes 
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FIGURE 4.6 All Periods Pre-Survey vs Post-Survey of Student Attitudes 

 

FIGURE 4.7 All Periods Post-Survey of Student Interests 
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Post-Survey of Student Interests  

 At the end of the study, the students were again asked:  “What are you most 

interested in learning?”  Of the 100 students included in the study, 96 returned the post-

survey questionnaires.  In all three periods, the top three choices were earth in the solar 

system, reactions, and structure of matter.  A lot more students (69 out of 96) expressed 

interests in the astronomy unit.  However, this change was not statistically significant 

(p=0.44).  Figure 4.7 above shows the post-survey responses. 

Although the top three remained the same between the pre and the post surveys, 

the number of students interested in astronomy drastically increased, and the number of 

students interested in chemical reactions decreased.  The rest remained the same.  The 

double bar graph below shows the comparisons between the pre and the post responses. 

FIGURE 4.8 All Periods Pre-Survey vs Post-Survey of Student Interests 
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CHAPTER V 

DISCUSSION 

Overview of the Study 

Purpose Statement 

This research was conducted in three periods of eighth grade physical science to 

examine the effects of writing on students’ learning attitudes and performance in science.  

The research questions were: 

• Does writing in science increase students’ learning attitudes and interests? 

• Will the writing-to-learn strategy increase student performance? 

 This research began in September 2007 and ended in March 2008.  Methods used 

were student surveys of attitudes and interests, quarterly writing prompts, and chapter 

tests. 

Summary of the Findings 

 Overall, students felt positive about science.  Although more students still felt 

positive (47%) than negative (39%) at the end of the study, this number had decreased 

since the beginning.  The number of students who felt negative towards science actually 

increased.  However, this change in their attitudes was not statistically significant 

(p=0.42).  Students’ top three interests still remained in astronomy, chemical reactions, 

and the structure of matter.  At the end of the study, students showed a lot more interests 

in astronomy than they did in the beginning although this change was not statistically 

significant, either (p=0.44).  Writing did not increase interests in any other areas.  

Students’ ability to write improved significantly through the three quarterly writing 

prompts (p=6 x 10-6).  Students’ scores on the chapter tests from chapter 1 to the finals 
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showed no statistically significant improvement.  However, the average score for the first 

chapter test was the lowest, and the average thereafter stayed at least at 70%.  There were 

a few significant increases and decreases in each of the chapters, but the statistical 

significance was not consistently shown.   

Conclusions 

Writing in science did not significantly change students’ learning attitudes and 

interests in science as a group.  However, there were individual increases and decreases.  

Writing may help some students to improve in their attitudes and interests, but it will not 

help all students.  Similarly, writing may adversely affect some other students and they 

may actually become more negative and less interested in science.  As seen in the 

findings, not all students responded positively or neutrally.  There were students who 

were initially positive but were later negative in their feelings toward science.  Aside 

from those who responded as positive and negative, there were students who had 

responded as mixed or neutral or had not responded at all.  This number dropped on the 

post survey.  Writing seemed to have either strengthened or weakened attitudes in this 

particular group of students.  In one or more areas of the content, students’ interests may 

increase or decrease through writing. 

Although there were no statistically significant changes in students’ performance 

through writing, students continued to perform at or above average on chapter tests.   The 

performance varied and the growth was not consistent.  The overall change from the 

beginning to the end of the study was not statistically significant.  Students’ performance 

rose on some chapters and fell on some other chapters.  Writing in science did not 

consistently make a difference in students’ performance, but it may at least help maintain. 
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 Students’ learning attitudes and interests did not increase.  Performance did not 

improve.  However, students’ writing prompts significantly improved.  Writing did not 

directly affect attitudes and interests or performance, but the task sharpened the ability to 

demonstrate understanding of the content through writing. 

Recommendations 

 Writing in science improved students’ ability to write.  Students can become 

better writers by writing not only in English, but also in science.  As educators, we are all 

aware of the importance of writing and literacy, and we can develop students in these 

areas by incorporating writing in all content areas.  For those teachers who are in multiple 

subjects or in self-contained classrooms, they would be relieved to know that writing in 

science and possibly in other content areas can still improve the students’ writing skills.  

Writing is not exclusively reserved for the language arts and is not entirely devoid of the 

content.  This finding can help manage class time more efficiently.  Teachers can merge 

the instruction of the content and of the writing mechanics.  Teachers in all subject areas 

and grade levels can collaboratively support each other.  As students write across the 

curriculum, they will become exposed to other genres of writing and become better 

writers and learners. 

Writing in science increased learning attitudes and interests in some students.  

Writing can be used as an intervention to reach struggling students or as a differentiation 

to accommodate special-needs students.  There are many books and workshops available 

on writing.  First, identify the needs of the students and the needs of the specific content.  

Then, search for the latest findings from peer-reviewed journal articles such as the ones 

listed in the references of this action research.  Collaborate with colleagues.  Consult with 
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experts in literacy and in the content area.  Design writing prompts to engage students 

who would not be motivated otherwise.  Try different writing tasks to see to which 

students are more responsive.   

Of all the areas of the content in eighth grade physical science, I was surprised to 

see that an overwhelming number of my students had chosen earth in the solar system as 

their favorite.  A lot of the students did not know and did not care much about the other 

topics.  Writing can be used in the classroom to expose students to the different areas of 

the content. 

Writing in science can help clarify concepts that are difficult to grasp.  As 

students participate in processing their learning and constructing their understanding, 

writing can prompt higher level thinking.  Through writing-to-learn strategy, students 

learn to interact with each other not only socially, but also academically.  Hearing each 

other’s thoughts, students can explain to each other in ways the teacher might have 

missed.  Reading each other’s writing reinforces the concepts. 

Limitations of the Study 

From an anecdotal standpoint, students responded positively to hands-on lab 

activities, but they groaned and moaned when assigned writing tasks.  As previously 

mentioned in Chapter II Review of the Literature, the writing process involved higher-

order thinking and reasoning skills.  The labor of thinking, processing, and reflecting 

challenged the students beyond the comfort zone.  Middle School students are most 

interested in “fun” activities, and the cognitive demands of the writing did not appeal to 

their social needs. 



Writing in Science     30 

Pre-survey of the students’ attitudes and interests were conducted in the beginning 

of the school year.  In September, students were highly motivated and excited to start the 

new school year.  Their responses might have been more positive than usual.  Also, a lot 

of them seemed to have come in with positive experiences from seventh grade, and had 

expected something similar.  Those who had negative past experiences did not progress 

much in their views toward science.  For many, science was still abstract and irrelevant. 

Post-survey of the students’ attitudes and interests were conducted toward the end 

of the school year.  In particular, they took the survey on the day they returned from 

spring break and had just received their third quarter report cards.  As grades traditionally 

slip in the spring, a lot of the students who did not achieve as much as they had expected 

were not so positive in their attitudes and their disappointment was reflected in their 

responses.  If I had given out the questionnaires on another day, I might have gotten a 

different result. 

Performance on chapter tests was not consistent because each chapter is of a 

different area of the content.  Students expressed that some chapters were “harder” and 

some were “easier”.  Consequently, the test questions varied in rigor and length as the 

concepts varied in depth.  Most test questions were generated from the publisher’s 

supplemental software, and some students found the wording of the questions difficult to 

understand.  They might have actually understood the concept, but their limited reading 

comprehension or vocabulary hindered them from accurately understanding the question.  

Some students did better on the Scantron part.  Some did better on the writing part.   

Students who were proficient in the content did not necessarily show clear understanding 

of the content through writing.  They might be good science students but poor writers.  Or, 
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there were students whose writing skills appeared proficient or advanced, but their 

responses clearly lacked understanding of the content.  Even with the scoring guide, 

grading both on the content and the writing was a challenge. 

Three writing prompts over 30 weeks might not have been enough data to clearly 

measure the students’ growths.  Comparing student performance across different chapters 

was not exactly reliable, either.  Not all students included in the study participated in all 

three instruments.  Some students were absent on one or more of the writing days, so they 

either turned it in late or did not turn it in at all.  Several students did not turn in the 

surveys, so not every single student’s pre and post were included in the findings although 

the few missing would not have made a statistically significance. 

 The school had a school-wide instructional focus on writing.  Students’ 

improvement in writing cannot be entirely attributed to simply writing three prompts in 

science.  Since they wrote in all their classes and were involved in the writing process in 

one way or another at least once a day, the consistency across the curriculum could have 

improved student writing. 

 Student population of the school was unique.  Being a high performing school, the 

ability to write was already proficient or above for most of the students.  Having the 

basics in literacy, the students were able to take writing to the next level.  If the 

population had had more English language learners, special needs, or low performing 

students, the results might not have been as clear.  In the future, there should be a more 

direct correlation study between a specific area of the content and a writing assignment. 
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APPENDICES 

APPENDIX 3.1 Pre-Survey Questionnaires 

 
Scavenger Hunt:  8th Grade Physical Science Textbook 

 
1. Look at the inside cover. 
 
Book Title: 
Publisher: 
 
2. Open to the Table of Contents.  List the title for each unit and chapter. 
 
Unit 1: 

 Chapter 1 

 Chapter 2 

 Chapter 3 

 Chapter 4 

Unit 2: 

 Chapter 5 

 Chapter 6 

 Chapter 7 

 Chapter 8 

Unit 3: 

 Chapter 9 

 Chapter 10 

 Chapter 11 

Unit 4: 

 Chapter 12 

 Chapter 13 

 Chapter 14 

 Chapter 15 

3. Turn to the list of Activities.  Read through and pick your top three choices from 
LabZone Standards Warm-Up. 

 
4. Turn to Appendix A Laboratory Safety.  Draw the safety symbol for safety goggles. 
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5. Turn to Appendix C List of Chemical Elements.  What is the chemical symbol for 

Potassium? 
 
6. Turn to the glossary.  What is matter? 
 
7. Turn to the index.  Locate the page on SI units for magnitude or strength of force.  

What is it? 
 
8. Go back to the Table of Contents.  Which chapter interests you the most?  Why? 
 
 
9. Turn to that chapter.  What do you already know about this chapter?  What do you 

want to know more? 
 
 
10.   Overall, how do you feel about science?  Why do you feel this way? 
 
 
 
APPENDIX 3.2 Post Survey Questionnaires 
 

 
Overall, how do you feel about science?  Why? 

 
What are you most interested in learning more about?  Why? 

 
 
APPENDIX 3.3 Quarterly Writing Prompt #1 
 
 
Metric System 
 
Writing Task:  Should the United States go metric?  Why or why not?  (Be sure to 
support your opinion.) 
 
Directions for Writing: 
 
include main ideas of the concept 
focus on the most important details 
demonstrate a clear understanding of the information 
be written in your own words 
be at least one fully developed paragraph 
be legible and proofread 
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APPENDIX 3.4 Quarterly Writing Prompt #2 
 
 
Periodic Table  
 
Iamno Einstein is an average 8th grade physical science student.  Unfortunately, he got 
really sick over Thanksgiving, and he missed the last two days of school.  As he is still 
recovering from the flu (and the food coma from the big turkey meal), he can’t seem to 
remember anything he learned before the long weekend.  As his next-seat neighbor, you 
need to help him catch up.  Clearly and thoroughly explain to him what the Periodic 
Table of Elements is and what information is included.  Do not leave out any details.  He 
is already behind, and he needs all the help he can get from you. 
 
 
APPENDIX 3.5 Quarterly Writing Prompt #3 
 
 
Friction 
 
Writing Task:  Choose a sport or activity.  In your opinion, does friction help or hurt that 
sport or activity?  (Support your opinion by discussing the four types of friction.) 
 
Directions for Writing: 
 
include main ideas of the concept 
focus on the most important details 
demonstrate a clear understanding of the information 
be written in your own words 
be at least one fully developed paragraph 
be legible and proofread 
 
 
APPENDIX 3.6 Writing Scoring Guide 
 
Scoring Guide:  Summary Writing  
 
Writer:  _________________________  
  
Content & Organization 
 
NEEDS  WORK    GOOD   EXCELLENT    
0   1   2       3      4 1.   Is there a topic sentence that clearly states 
     the specific topic and controlling idea? 
 
   0   1   2       3      4 2.   Do the following sentences include all important   
    details? 
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   0   1   2       3      4 3.   Are the details presented in a logical, 
     easy-to-follow order? 
 
   0   1   2       3      4 4.   Does the summary demonstrate a clear    
    understanding of the concept? 

Proofreading 
 
NEEDS  WORK    GOOD   EXCELLENT    
   0   1   2       3      4 1.   Are the words spelled correctly? 
 
   0   1   2       3      4 2.   Is the summary free of sentence fragments and   
    run-on sentences? 
 
Points:          /         Final Grade: _____ 

 
Comments: 
 
1. 

2. 

3. 

 

APPENDIX 3.7 Chapter Test Short-Answer Question 

 
Many molecular compounds with small molecules are gases at room temperature.  Water, 
however, is a liquid.  Use what you know about polar and nonpolar molecules to explain 
this difference. 
 

 
APPENDIX 3.8 Table of Contents 
 
 
UNIT 1: CHEMICAL BUILDING BLOCKS 
 

Chapter 1: Introduction to Physical Science 
Chapter 2: The Nature of Matter 
Chapter 3: Solids, Liquids, and Gases 
Chapter 4: Elements and the Periodic Table 

 
UNIT 2: CHEMICAL INTERACTIONS 
 

Chapter 5: Atoms and Bonding 
Chapter 6: Chemical Reactions 
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Chapter 7: Acids, Bases, and Solutions 
Chapter 8: Carbon Chemistry 

 
 UNIT 3: MOTION, FORCES, AND ENERGY 
 

Chapter 9: Motion and Energy 
Chapter 10: Forces 
Chapter 11: Forces in Fluids 

 
UNIT 4: ASTRONOMY 
 

Chapter 12: Earth, Moon, and Sun 
Chapter 13: Exploring Space 
Chapter 14: The Solar System 
Chapter 15: Stars, Galaxies, and the Universe 
 

 

APPENDIX 3.9 California Content Standards for 8th Grade Physical Science 

 

Focus on Physical Science 

Motion 

1. The velocity of an object is the rate of change of its position. As a basis for 
understanding this concept: 

a. Students know position is defined in relation to some choice of a standard 
reference point and a set of reference directions. 

b. Students know that average speed is the total distance traveled divided by 
the total time elapsed and that the speed of an object along the path 
traveled can vary. 

c. Students know how to solve problems involving distance, time, and 
average speed. 

d. Students know the velocity of an object must be described by specifying 
both the direction and the speed of the object. 

e. Students know changes in velocity may be due to changes in speed, 
direction, or both. 

f. Students know how to interpret graphs of position versus time and graphs 
of speed versus time for motion in a single direction. 
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Forces 

2. Unbalanced forces cause changes in velocity. As a basis for understanding this 
concept: 

a. Students know a force has both direction and magnitude. 

b. Students know when an object is subject to two or more forces at once, the 
result is the cumulative effect of all the forces. 

c. Students know when the forces on an object are balanced, the motion of 
the object does not change. 

d. Students know how to identify separately the two or more forces that are 
acting on a single static object, including gravity, elastic forces due to 
tension or compression in matter, and friction. 

e. Students know that when the forces on an object are unbalanced, the 
object will change its velocity (that is, it will speed up, slow down, or 
change direction). 

f. Students know the greater the mass of an object, the more force is needed 
to achieve the same rate of change in motion. 

g. Students know the role of gravity in forming and maintaining the shapes 
of planets, stars, and the solar system. 

Structure of Matter 

3. Each of the more than 100 elements of matter has distinct properties and a distinct 
atomic structure. All forms of matter are composed of one or more of the 
elements. As a basis for understanding this concept: 

a. Students know the structure of the atom and know it is composed of 
protons, neutrons, and electrons. 

b. Students know that compounds are formed by combining two or more 
different elements and that compounds have properties that are different 
from their constituent elements. 

c. Students know atoms and molecules form solids by building up repeating 
patterns, such as the crystal structure of NaCl or long-chain polymers. 

d. Students know the states of matter (solid, liquid, gas) depend on molecular 
motion. 

e. Students know that in solids the atoms are closely locked in position and 
can only vibrate; in liquids the atoms and molecules are more loosely 
connected and can collide with and move past one another; and in gases 
the atoms and molecules are free to move independently, colliding 
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frequently. 

f. Students know how to use the periodic table to identify elements in simple 
compounds. 

Earth in the Solar System (Earth Sciences) 

4. The structure and composition of the universe can be learned from studying stars 
and galaxies and their evolution. As a basis for understanding this concept:   

a. Students know galaxies are clusters of billions of stars and may have 
different shapes. 

b. Students know that the Sun is one of many stars in the Milky Way galaxy 
and that stars may differ in size, temperature, and color. 

c. Students know how to use astronomical units and light years as measures 
of distances between the Sun, stars, and Earth. 

d. Students know that stars are the source of light for all bright objects in 
outer space and that the Moon and planets shine by reflected sunlight, not 
by their own light. 

e. Students know the appearance, general composition, relative position and 
size, and motion of objects in the solar system, including planets, 
planetary satellites, comets, and asteroids. 

Reactions 

5. Chemical reactions are processes in which atoms are rearranged into different 
combinations of molecules. As a basis for understanding this concept: 

a. Students know reactant atoms and molecules interact to form products 
with different chemical properties. 

b. Students know the idea of atoms explains the conservation of matter: In 
chemical reactions the number of atoms stays the same no matter how they 
are arranged, so their total mass stays the same. 

c. Students know chemical reactions usually liberate heat or absorb heat. 

d. Students know physical processes include freezing and boiling, in which a 
material changes form with no chemical reaction. 

e. Students know how to determine whether a solution is acidic, basic, or 
neutral. 

Chemistry of Living Systems (Life Sciences) 

6. Principles of chemistry underlie the functioning of biological systems. As a basis 
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for understanding this concept: 

a. Students know that carbon, because of its ability to combine in many ways 
with itself and other elements, has a central role in the chemistry of living 
organisms. 

b. Students know that living organisms are made of molecules consisting 
largely of carbon, hydrogen, nitrogen, oxygen, phosphorus, and sulfur. 

c. Students know that living organisms have many different kinds of 
molecules, including small ones, such as water and salt, and very large 
ones, such as carbohydrates, fats, proteins, and DNA. 

Periodic Table 

7. The organization of the periodic table is based on the properties of the elements 
and reflects the structure of atoms. As a basis for understanding this concept: 

a. Students know how to identify regions corresponding to metals, 
nonmetals, and inert gases. 

b. Students know each element has a specific number of protons in the 
nucleus (the atomic number) and each isotope of the element has a 
different but specific number of neutrons in the nucleus. 

c. Students know substances can be classified by their properties, including 
their melting temperature, density, hardness, and thermal and electrical 
conductivity. 

Density and Buoyancy 

8. All objects experience a buoyant force when immersed in a fluid. As a basis for 
understanding this concept: 

a. Students know density is mass per unit volume. 

b. Students know how to calculate the density of substances (regular and 
irregular solids and liquids) from measurements of mass and volume. 

c. Students know the buoyant force on an object in a fluid is an upward force 
equal to the weight of the fluid the object has displaced. 

d. Students know how to predict whether an object will float or sink. 

Investigation and Experimentation 

9. Scientific progress is made by asking meaningful questions and conducting 
careful investigations. As a basis for understanding this concept and addressing 
the content in the other three strands, students should develop their own questions 
and perform investigations. Students will: 
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a. Plan and conduct a scientific investigation to test a hypothesis. 

b. Evaluate the accuracy and reproducibility of data. 

c. Distinguish between variable and controlled parameters in a test. 

d. Recognize the slope of the linear graph as the constant in the relationship 
y=kx and apply this principle in interpreting graphs constructed from data. 

e. Construct appropriate graphs from data and develop quantitative 
statements about the relationships between variables. 

f. Apply simple mathematic relationships to determine a missing quantity in 
a mathematic expression, given the two remaining terms (including speed 
= distance/time, density = mass/volume, force = pressure × area, volume = 
area × height). 

g. Distinguish between linear and nonlinear relationships on a graph of data. 
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