
ABSTRACT 

FERZLI, MIRIAM. The Laboratory Report: A Pedagogical Tool in College Science Courses. 
(Under the direction of Eric N. Wiebe, and John E. Penick.) 

 

When viewed as a product rather than a process that aids in student learning, the lab 

report may become rote, busywork for both students and instructors. Students fail to see the 

purpose of the lab report, and instructors see them as a heavy grading load.  If lab reports are 

taught as part of a process rather than a product that aims to “get the right answer,” they may 

serve as pedagogical tools in college science courses.  In response to these issues, an in-

depth, web-based tutorial named LabWrite (www.ncsu.edu/labwrite) was developed to help 

students and instructors (www.ncsu.edu/labwrite/instructors) understand the purpose of the 

lab report as grounded in the written discourse and processes of science. The objective of this 

post-test only quasi-experimental study was to examine the role that in-depth instruction such 

as LabWrite plays in helping students to develop skills characteristic of scientifically literate 

individuals. Student lab reports from an introductory-level biology course at NC State 

University were scored for overall understanding of scientific concepts and scientific ways of 

thinking. The study also looked at students’ attitudes toward science and lab report writing, 

as well as students’ perceptions of lab reports in general. Significant statistical findings from 

this study show that students using LabWrite were able to write lab reports that showed a 

greater understanding of scientific investigations (p<.003) and scientific ways of thinking 

(p<.0001) than students receiving traditional lab report writing instruction. LabWrite also 

helped students develop positive attitudes toward lab reports as compared to non-LabWrite 

users (p<.01). Students using LabWrite seemed to perceive the lab report as a valuable tool 



for determining learning objectives, understanding science concepts, revisiting the lab 

experience, and documenting their learning.  
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Part One: The Role of In-Depth Instruction in Improving the Overall Quality of Lab Reports 
in a College Biology Lab Course 

 

Abstract 

By incorporating LabWrite, an in-depth web-based lab report tutorial, into laboratory 

investigations, students are given the opportunity to write lab reports using a process 

reflective of scientific ways of thinking. This focus on process is different than the customary 

"get the right answer" types of reports typical of college science lab courses. In this 

experimental study, lab reports from students in an introductory-level biology course at 

North Carolina State University were analyzed for evidence of scientific ways of 

communicating and overall understanding of scientific concepts. Findings show that students 

using LabWrite had a significantly better understanding of scientific concepts and scientific 

ways of communicating more so than students receiving traditional lab report writing 

instruction. Results from this study provide support for the need to provide intensive 

laboratory writing instruction in order to help students write lab reports that are more than 

rote summaries of memorized information.  Findings support the idea that students need to be 

able to engage in the processes and methods of written scientific discourse, including 

developing the critical thinking and communication skills necessary to understand everyday 

phenomena and conduct basic decision-making.   

 



 2

Introduction 

Communicating science with clarity and understanding is crucial to science students 

in all disciplines of science (Koprowski, 1997; Rivard, 1994), and is characteristic of 

scientifically literate individuals.  Despite this claim, there is a deficiency in students’ 

abilities to communicate science using traditional scientific forms of writing, such as the 

laboratory report (Rosenthal, 1986).  Students’ writing deficiencies stem from students’ 

unfamiliarity with the traditional scientific genres, because these genres are increasingly left 

out of the science curricula (Brillhart & Debs, 1981; Keys, Hand, Prain, & Collins, 1999). 

Most writing done in science classrooms is in the form of “fill-in-the-blank” and short 

answer types of reports, exam responses, summaries, or descriptions (Brillhart & Debs, 1981; 

Keys, 1999; Rivard, 1994).   

Forms of writing that are merely for reporting or recalling information fail to teach 

students to think about science using scientific ways of thinking (Keys, 1999). Science is 

learned as facts disconnected from the culture of science, and students often leave science 

courses with little appreciation for how scientific knowledge is formed and communicated.  

Writing done in this fashion focuses on factual knowledge and does not allow students the 

opportunity to delve into their personal understandings of science.  When students are strictly 

recalling information, they fail to project their own interpretations or explanations of the 

science they are studying (Keys et al., 1999).   

Students need to learn how to negotiate scientific understandings and communicate 

those understandings within the context of scientific discourse. They must learn to develop 

explanations, sort understanding, consider alternatives, and speculate on past scientists’ 

works (Prain & Hand, 1996).  These are all the things that students can learn when they write 
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lab reports.  If taught properly, writing lab reports should give students opportunities to 

organize, develop, and explain scientific notions.  The act of writing the report should help 

students connect scientific equations, data, and book information with observations made 

during experiments (Herrington, 1997).  It gives students opportunities to make connections 

between their findings and previous work in the field (Gratz, 1990; Keys, 1994; Melhado, 

1981); and allows them to go from disparate thoughts to integrated and clear understanding 

(Herrington, 1997). Students who do not understand the scientific concepts they are learning 

are likely to have a difficult time communicating hypotheses, explanations, and inferences 

(Brillhart & Debs, 1981).  

Introducing students to the lab report as a key player in the process and learning of 

science may help them see it as an authentic science activity rather than just busy-work.  

Proper instruction may help them understand how laboratory reports fit into the culture of 

science. The problem is that students are misguided about the process of laboratory report 

writing.  They receive minimal information about how to write lab reports, and usually no 

information about their purpose (Krest & Carle, 1999; Zinsser, 1988).  Instructors also have 

misconceptions about the function of lab reports.  They usually do not understand scientific 

writing genres (Hand, Prain & Yore, 2001), and see the reports as mere tools for evaluating 

students’ success with laboratory protocol and experimentation.  In response to these views, 

students usually write cookbook type reports that summarize laboratory experiments and 

report the “right answers” (Gratz, 1990).  Little, if any, original elaboration, interpretation, 

and hypothesizing takes place during the process of writing these lab reports. 

If cookbook types of reports have become the accepted norm, it is not surprising that 

researchers, instructors, and even students view them in such a negative light.  Reports that 
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do little more than summarize cannot be acknowledged as vehicles for learning.  Lab reports 

become little more than busy work for both the students who write them and the instructors 

who grade them.  Perhaps, students and instructors both can benefit from instruction that 

analyzes the lab report piece by piece to show its role in the process of scientific inquiry.   If 

students are taught to see this, they may become more aware about the process of inquiry and 

its use to generate scientific knowledge (Kirscht, Levine, & Reiff, 1994).  This would be an 

important accomplishment, since most college students have poor or misguided conceptions 

about the ways in which scientists formulate and communicate their claims (Edmondson & 

Novak, 1993).  The lab report could give students an opportunity to engage in authentic 

discourse practices, because its elements mirror those of the scientific reports written by 

scientists.  It may also help students make connections between their findings and the science 

they are learning by allowing them to reflect, synthesize, and even generate new ideas (Keys 

et al.,1999; Keys, 2000)—a movement away from busywork. 

 

Theoretical Framework  

Science is a culture of its own, with a specific language and system for conveying and 

transmitting information.  Students need to be submerged into this culture of science so that 

they can think, talk, and write scientifically (Glynn and Muth, 1994; Penrose & Katz, 1998; 

Roth, 1993).   Effective communication in science requires that students learn to use 

scientific language in ways that reflect the scientific process. The way a lab report is 

structured mirrors the scientific process, and helps students to relive and reflect on the lab 

experience spurring them to organize concepts, and develop ideas as they go along.  Even in 

labs where students are just mimicking the scientific process, lab reports provide students 
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opportunities for reflection.  As part of the reflection process, students revisit their lab 

experiences in order to bring structure to their thinking.  Instead of just doing labs and 

forgetting about them, properly written lab reports promote a deeper understanding of the lab 

simply because students have to review the lab experience in order to write something that 

makes sense.  It is this reflective process that makes writing laboratory reports such an 

integral part of learning.  Putting thoughts and ideas into written format requires an 

understanding of content and processes that eludes students who complete laboratory 

activities and never have to write about them.   

Using writing as a tool for teaching can help students monitor their own learning 

processes (Rosaen, 1989), because there is a metacognitive component to writing (Kellogg, 

1994).  During the writing process, writers must be mentally engaged as they evaluate how 

they are doing and self-reflect on their own progress (Kellogg, 1994). One important role that 

teachers have is to foster reflection through writing (Baker & Piburn, 1997) in order to help 

students construct new knowledge.  Teachers can promote reflection by using written 

assignments to ask students to elaborate, analyze, and evaluate relationships among concepts 

rather than just summarize or recall information (Durst, 1987). When students are only asked 

to write recall information rather than create new ideas, they are not exerting the same level 

of mental effort or active reflection required for more complex writing tasks (Kellogg, 1994).  

Higher order thinking skills involved in analysis and evaluation will force students to put 

effort and mindfulness into their writing and perhaps facilitate knowledge construction. 

As students engage in higher order processes required for scientific writing and 

thinking, they may realize where their weaknesses are with respect to the conceptual 

knowledge they are applying in their writing.  This may prompt some students to review 
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material, procedures, and data in order to try to figure out where the problems are.  Since 

writing is more permanent than talking, it is a very powerful format for allowing active 

reflection.  As students review and revise their information, they are reflecting on how their 

conceptions of science fit in with actual experimental findings (Kellogg, 1994).  Even if 

students’ stubborn misconceptions about science do not change, the act of reflection may 

lead to some realizations that spur growth and learning in a future setting.  

 

Purpose of the Study 

This study focuses on the value of in-depth instruction for developing good quality 

lab report writing at the college level.  Current research studies related to writing in the 

sciences mainly focus on informal writing in K-12 and are often inconclusive (Rivard, 1994).  

Research in this area may uncover some insights about how good quality lab report writing 

may help teach college students how to structure and develop scientific ways of thinking. 

This has important implications for all college students, but most significantly for science 

majors, who need to be fluent in the discourse of science.     

Since in-depth instruction in lab report writing is typically lacking at the college level, 

an extensive web-based writing guide called LabWrite was developed to aid students through 

the process of writing lab reports (LabWrite, 2000).  LabWrite, which offers instruction by 

using examples, graphing tutorials, and step-by-step guides, was used as the model of in-

depth lab report instruction in this study.  LabWrite offers college students an opportunity to 

use the laboratory report as a way to enhance scientific literacy by helping students to write 

their lab reports in a way that makes sense to them and to others.  LabWrite does this by 

giving students assignments that help them think about the lab report writing process during 
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three phases—before, during, and after lab. During each of these phases, LabWrite cues 

students into the elements of organization, analysis, and synthesis required for making sense 

of the lab experience and eventually writing the lab reports.  

LabWrite also provides a teaching guide to help laboratory instructors teach students 

how to write laboratory reports (LabWrite for Instructors, 2000).  The LabWrite site for 

instructors is formatted similarly to the LabWrite for students, and provides handouts, 

overheads, and teaching strategies.  The teacher’s guide also offers an evaluation rubric, 

which establishes specific criteria on how to grade laboratory reports.  In trying to fill a huge 

gap in the availability of grading criteria for science lab report writing, this evaluation rubric 

is designed to determine the overall writing quality of lab reports, including students’ grasp 

of the learning context for a particular laboratory experiment. 

While lab report writing of any kind is probably more useful than fill-in-the-blank 

worksheets, this study attempts to analyze whether or not in-depth instruction, such as 

LabWrite, can significantly improve the quality of lab reports written by college science 

students. It also explores the possibility that in-depth instruction may help develop positive 

attitudes in students who write lab reports.  The study looks at overall students’ 

understanding of laboratory investigations and scientific ways of thinking, as reflected by 

their laboratory reports.  The underlying premise for this study is that in-depth instruction in 

traditional scientific writing, such as the lab report, may help students learn to communicate 

scientifically in a way that reflects scientific literacy.  In this study, scientific literacy means 

being able to use scientific language within a traditional scientific genre—the lab report—in 

a way that shows familiarity with main concepts, clear organization of information, and 

coherent interpretations.  In making a meaningful connection between lab report writing and 
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improved scientific literacy, instructional aids such as LabWrite should also improve 

attitudes toward lab report writing.  

 

Research questions 

1. Does LabWrite significantly improve students’ overall understanding of the laboratory 

investigations for which they are writing laboratory reports?   

2. Does LabWrite significantly improve students’ ability to organize, elaborate, and 

interpret findings in a systematic approach that reflects scientific thinking? 

3. Does LabWrite help students develop more positive attitudes towards writing lab reports 

than students who do not use a writing tutorial?  

4. What are students’ overall perceptions of laboratory reports in general—their value for 

learning and general purposes—after writing their reports using LabWrite?  

 

Methods 

Participants in the study were college students at NC State University (NCSU), who 

registered for Biology 183, an introductory course for biology and other life-science majors.  

Biology 183 has a lecture/laboratory format, and is the second part of a two-part introductory 

biology course for biology and life science majors offered every semester.  Biology 183 was 

a good candidate for this study because it includes traditional laboratory reports in its 

curriculum.  Instruction for laboratory report writing in this course is in a format typical for 

most college laboratory courses—a brief outline (one and a half pages long) of laboratory 

report section titles followed by brief descriptions of each section.  
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The study was quasi-experimental with a posttest only control/comparison group 

design (Campbell & Stanley, 1966). The comparison group was comprised of students 

registered for Biology 183 in the Fall semester, 2000; and the treatment group was comprised 

of students registered for Biology 183 in the Spring semester, 2001 (students had no 

knowledge about the study upon registration for the course).  Both groups had approximately 

80 students, and were taught by the same lecture and lab instructors with identical course 

syllabi during both semesters. The treatment was the LabWrite tutorial for students and 

instructors, which was integrated into the curriculum for the Spring semester lab classes.  

Both laboratory instructors in the treatment group received in-depth training on how to use 

LabWrite and how to integrate it into the laboratory investigations.  

Overall quality of lab reports was assessed by both holistic and primary trait analysis 

of a random sample of laboratory reports from the comparison and treatment groups. 

Students turned in two copies of their lab reports—one for themselves and one for their 

laboratory instructors to keep for each of the four lab reports they wrote during that semester.  

Students’ names were “blacked-out” and reports were numbered.  Random samples of 

comparison and treatment reports were selected for scoring from each group per laboratory 

investigation using a random number table.  Holistic scoring was used to assess overall 

understanding of laboratory investigations, and primary trait scoring was used to determine 

the degree to which students’ lab reports included key elements associated with scientific 

thinking.  Both holistic and primary trait scoring are assessment techniques regularly used in 

National Assessment of Educational Progress (NAEP) assessment programs (Huot, 1990). 

Holistic scoring provides an overall impression of a piece of writing while comparing 

it to other papers rather than against specific criteria. The paper is examined as a whole rather 
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than as a collection of parts (Lloyd-Jones, 1977).  Three raters were selected, on a voluntary 

basis, from a pool of individuals familiar with the laboratory investigations for this course. 

The raters evaluated sample lab reports (n=44 for each group) from the first and last lab 

investigations. Two lab investigations were used to reduce bias toward either one of the 

scientific concepts of the labs.  Raters were trained to look for an overall understanding of 

scientific concepts, principles, and laws associated with the laboratory investigations the lab 

reports are based on.  Using the methodology described in Lloyd-Jones (1977) and Huot 

(1990), raters scored reports based on the degree of understanding (1-5: low to high).  Two 

raters graded each report, and when graders disagreed, a third rater “broke the tie.”  Before 

raters began scoring, they calibrated with each other in order to establish a baseline of papers 

at each level of the scale. A two-way analysis of variance was used to establish between-

group differences in lab report scores for the two lab investigations. 

 Primary trait scoring was used to examine elements of scientific thinking in students’ 

lab reports.  Primary trait scoring is designed to evaluate the writer’s success in 

accomplishing the purpose of a writing task by looking for specific criteria that are needed to 

accomplish that task (Lloyd-Jones, 1977; Huot, 1990).  In this study, the writing task is the 

lab report, and the criteria are elements that are characteristic of scientific thinking.  

According to Kirscht et al. (1994), analyzing “study reports” or lab reports reflects 

underlying mental structures.  Each section of the lab report represents one or more aspects 

of the inquiry process of science. The “Introduction” shows whether or not a student can 

formulate a hypothesis and provide reasoning for the hypothesis based on the existing 

knowledge base for the study topic.  The “Materials and Methods” section demonstrates 

whether or not students understand which materials and procedures they need to include for 
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collecting meaningful data that can verify their hypothesis.  The “Results” section shows 

whether or not students can describe the overall trend for the data, and successfully integrate 

verbal and graphical representations of the data.  The “Discussion” section shows students’ 

abilities to draw conclusions based on their findings.  Students should use this section to 

make inferences and establish connections between data, hypotheses, and the knowledge 

base for the experiment.  Students who can accomplish these goals for each of the sections 

are showing advanced scientific thinking skills (AAAS, 1989; Kirscht et al., 1994).  

For the purposes of this study, nine traits were selected as being representative of 

scientific thinking elements in students’ reports as described above.  Traits are listed and 

defined in a primary trait scoring guide, based on a four point scale, superior=4, fair=3, 

poor=2, not applicable=1. Two raters, both science educators, evaluated sample lab reports 

(n=40 per group) from laboratory 3, chosen because it was the final lab report students would 

do individually in the class and was assumed to illustrate their best work. Two raters, both 

with backgrounds in education, were trained to use the rubric by reading example reports and 

learning to score each element according to the scale.  Raters calibrated periodically to 

ensure consistent scoring throughout the session. Rater agreement was statistically 

determined using a basic formula for inter-rater agreement (number of agreements/number of 

opportunities for agreement) as well as by the polychoric correlation coefficient which 

controls for consistent trends in individual graders (Andrews, 1981; Drasgow, 1986; Olsson, 

1979). Reliability was also established using Cronbach’s Alpha test for internal consistency.  

One-way analysis of variance analyzed between-group differences for composite trait scores. 

The study also looked at between-group differences in overall attitudes toward 

science and lab report writing. Attitudes were measured using a two-part Likert-type survey 
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with 46 questions. Part one targets attitudes related to science and part two targets attitudes 

related to writing lab reports. The attitude survey also includes six general demographic 

questions related to basic characteristics of the study population such as academic class, 

grade expected in lab, number of science courses taken, number of technical writing courses 

taken, and major.  Between-group comparison of demographic data by one-way analyses of 

variance and observed frequencies allowed for baseline comparisons of the study groups.  

General attitudes toward science were measured using an instrument derived from the 

“Test of Science-Related Attitudes” (TOSRA), a 70 item, Likert-type test developed and 

validated by Fraser (1977, 1978, 1981).  Although the TOSRA is comprised of seven sub-

scales, only two sub-scales were used for the purposes of this study: sub-scale (3), Attitude 

toward Scientific Inquiry; and sub-scale (5), Enjoyment of Science Lessons (10 items each). 

Sub-scales 3 & 5 seemed most relevant for this study and have a lower correlation with each 

other than with the other test sub-scales (Schibeci & McGaw, 1981). Although it was 

developed for high school students, the TOSRA was found to be the best-suitable instrument 

for the purpose of this study.  No validated instruments exist to measure attitudes toward 

science in college students.  

Since we found no instruments that measure college students’ attitudes toward 

laboratory report writing, we developed questions that measure attitudes toward lab report 

writing specifically for this study.  These questions, included in the attitude survey discussed 

above, address students’ attitudes about laboratory writing instruction, confidence, 

enjoyment, and usefulness for learning.  Five English professors at NCSU reviewed the 

instrument in order to establish face validity.  All reviewers found that the instrument 

reflected science-writing attitudes. Due to the time limitations of this study, only face validity 
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was established.  Subsequent studies will address the issue of content validity for this 

instrument.    

Surveys were issued at the end of each semester, and data were obtained from 

anonymous survey responses for both the treatment and comparison groups (n=126). 

Composite scores (the sum of student ratings for all of the items) for each portion of the 

survey—general attitudes toward science and attitudes toward lab report writing—were 

tabulated.  A one-way analysis of variance compared between-group differences in attitudes 

toward science and laboratory report writing.  Cronbach’s Alpha was also calculated in order 

to establish reliability for each portion of the survey.   

To examine students’ perceptions about laboratory reports after receiving LabWrite 

instruction, students were interviewed using a protocol for individual semi-structured 

interviews (Glesne, 1999). The interview guide was developed and tested during pilot studies 

for LabWrite, and includes questions about the processes students use to write lab reports, 

students’ current and past experiences with lab reports, and students’ views about the role of 

the lab report. Ten participants for the interviews were randomly selected from the treatment 

group’s official class roll, but all student participation was strictly voluntary. Emergent 

themes complement the quantitative results of this study by giving a voice to the insights, 

knowledge, and attitudes of students who used LabWrite. 

 

Treatment 

The treatment for this study was LabWrite, an extensive, self-explanatory web-based 

heuristic for learning the purpose, process, and mechanics of writing laboratory reports.  

LabWrite returns to the idea that the experimental report is a specialized genre to which 
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students and laboratory instructors need to be properly introduced.  When writing parts of a 

lab report, the purpose of the lab procedure, the meaning of the research question, and the 

interpretation of the data are made within the learning context of the lab experiment.  

LabWrite’s main premise is that each section of the lab report has a specific role in 

understanding and communicating scientific conceptions.  Process rather than product-

oriented, LabWrite emphasizes the reflective nature of writing.  Students using LabWrite 

have the opportunity to reflect on their understandings of laboratory investigations before, 

during, and after they have written their laboratory reports. Students in the treatment group 

had access to LabWrite materials during and outside class. LabWrite for students is divided 

into four main sections supported by an extensive resource base: Pre-Lab, In-Lab, Post-Lab, 

and LabCheck. Pilot studies of LabWrite, which included focus groups with students to 

discuss usability and usefulness, provided helpful insights to revise and refine the site. All 

revisions were in place prior to the current study. Brief descriptions of each section follow.  

 

Pre-Lab: Includes questions that students can answer before doing the lab.  The purpose of 

Pre-Lab is to guide students through the thinking processes that scientists engage in before 

conducting scientific investigations.  This includes identifying the scientific concept(s) that 

drive the laboratory investigation, describing the purpose of the lab, identifying variables, 

formulating hypotheses, and visualizing relationships between variables.  

 

In-Lab:  Guides students through the process of collecting, organizing, interpreting, and 

representing data, as they participate in laboratory investigations.  This section is appropriate 

for use during laboratory investigations, and explores many issues dealing with variables, 
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types of data, and how to represent different types of data.  This section has useful links to an 

Excel tutorial (a LabWrite resource) that helps students with the multiple issues of 

managing data.  It also links to flow charts that help students determine what data they have 

and how to represent it properly. 

 

Post-Lab:  Guides students through the actual process of writing their reports.  It helps 

students realize that the parts of a lab report are not necessarily written in the order that they 

are presented.  Students start with their raw data and try to make sense of it for themselves 

before they can report it to others in a meaningful way.  As students move through the 

different portions of the report, there are numerous resources to help them with different 

issues related to each section of the report.  There is also a sample lab report that serves as a 

reference tool. 

 

LabCheck:  Allows students to revise their lab reports before turning them in, and helps them 

review their graded report once they get them back.  LabCheck has a student version of the 

evaluation sheet, which instructors use to grade the lab reports.  The evaluation sheet has 

links to a document that gives advice on how to improve each portion of the lab report.  

When students get their reports back, they can use these links to figure out where they need 

improvement. 
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Results 

Quantitative Component: 

Between-group analyses show that students using LabWrite produced higher quality 

lab reports than did students using traditional instruction as measured by holistic and primary 

trait scoring.  Holistic scores show that students using LabWrite had significantly greater 

overall understanding of the laboratory investigations for which they wrote reports than 

students in the comparison group, F (3, 84)=4.9, p<.003 (Fig. 1).  There was no interaction 

between the treatment and the laboratory investigation number. Primary trait scores show 

that students using LabWrite were also significantly more successful at including elements of 

scientific thinking in their lab reports than the comparison group, F (1, 78)=49.32, p<.0001 

(Fig. 2).  Mean scores for overall understanding and scientific thinking were higher for the 

treatment group than for the comparison group (Table 1). 

Attitudes toward lab report writing varied between groups. Although attitudes toward 

writing laboratory reports were significantly more positive for students using LabWrite, F (1, 

124)=6.41, p<.01, than for the comparison group, students’ general attitudes toward science 

were not significantly different between groups.  Both TOSRA sub-scales: Attitudes Toward 

Scientific Inquiry, sub-scale 3; and Enjoyment of Science Lessons, sub-scale 5 showed no 

between-group differences: F (1, 124)=.06, p=.81 and F  (1, 124)=.23, p=.63, respectively.  

Overall, both groups have positive attitudes toward science (Table 1). 
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Table 1. Mean scores by analysis and group 
                                        Treatment Group                 Comparison Group 

Analysis n  Mean SD    n  Mean  SD 
Overall Holistic 
Score 

 
44 

 
  2.61 

 
  1.30 

 
 44 

 
  1.75 

 
  1.01 

Composite Primary 
Trait Score 

 
40 

 
29.00 

 
  4.30 

 
 40 

 
21.24 

 
  4.70 

Attitudes Toward Lab 
Report Writing* 

 
63 

 
51.92 

 
 11.60 

 
 63 

 
57.87 

 
14.64 

Attitudes Toward 
Scientific Inquiry* 

 
63 

 
22.20 

 
  5.36 

 
 63 

 
22.00 

 
  4.72 

Enjoyment of Science 
Lessons* 

 
63 

 
22.19 

 
  4.83 

 
 63 

 
22.59 

 
  4.49 

* A lower score corresponds to more positive attitudes.  
 

Between-group analyses of demographic data show that the study groups were 

significantly different in the number of college science courses they had taken prior to the 

study and the academic class to which they belonged. As compared to the treatment group, 

there were more Juniors and Seniors (X2=34.75(4), p<.0001) and a higher number of science 

courses taken by students (F (1, 124)=6.51, p<.01) in the comparison group (Tables 2 & 3). 

Groups showed no differences in the grade they expected to get in the class (X2=3.20(4), 

p=.53), the number of technical writing courses they had taken prior to the study, (F (1, 

124)=.77,  p=.38), or their major field of study (X2=1.87(3), p=.60) (Tables 4, 5, & 6). 
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Table 2.  Frequency of academic classifications for each group 
                                          Treatment Group                     Comparison Group 

Academic Class Frequency % Frequency % 
Freshman 34 55 5 8 
Sophomore 12 19 34 54 
Junior 12 19 15 24 
Senior 4 7 8 13 
Other 0 0 1 1 
 
Table 3.  Frequency of science courses taken by students in each group 
                                          Treatment Group                     Comparison Group 
Science Courses Frequency % Frequency % 
1-2 8 13 6 9 
3-4 30 48 20 32 
5-6 15 24 15 24 
7+ 9 15 22 35 
 
Table 4.  Frequency of expected grade in each group 
                                          Treatment Group                    Comparison Group 
Expected Grade Frequency % Frequency % 
A 38 61 42 66 
B 17 27 17 27 
C 6 10 2 3 
D 1 2 1 2 
Other 0 0 1 2 
 
Table 5.  Frequency of writing courses taken by students in each group 
                                          Treatment Group                     Comparison Group 
Writing Courses Frequency % Frequency % 
None 30 50 22 35 
1-2 21 35 34 54 
3-4 8 13 4 6 
5-6 0 0 3 5 
7+ 1 2 0 0 
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Table 6.  Frequency of different majors in each group 
                                          Treatment Group                     Comparison Group 
Major Frequency % Frequency % 
Biological Sciences 41 71 44 79 
Physical Sciences 5 8 4 7 
Other 12 21 8 14 
 

All instruments were scored within acceptable measures for reliability based on 

internal consistency coefficients.  Overall internal consistency of items in the TOSRA sub-

scales 3 and 5 was .77 and .78, respectively, using Cronbach’s Alpha applied on 126 

subjects.  Survey items relating to attitudes toward lab report writing were also consistent, 

with a Cronbach’s Alpha coefficient of .91. Overall internal consistency of the items in the 

primary trait analysis instrument was .83, using Cronbach’s Alpha applied on 80 subjects. 

The interrater reliability using the basic formula for agreement was .70 (a measure acceptable 

in writing studies, Lauer & Asher, 1988); however, results from the polychoric test 

established the overall reliability at a much higher level, .93.  

 

Qualitative Component: 

 Comments from interviews with students using LabWrite revealed three major 

themes: Writing and Learning, The Reflective Process, and Writing Preparation. These 

themes seemed to resonate very strongly for all interviewees, and they encompass several 

broad ideas about students’ perceptions with respect to writing lab reports.  Interwoven 

throughout their responses, students addressed their experiences both during and prior to 

taking Biology 183.  Students also talked about their general attitudes toward lab report 

writing and how they thought LabWrite had influenced their experiences in the lab course. 

These emergent themes form a foundation for a subset of other themes that are described 
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within the overall context of students’ perceptions about lab reports. A sample of students' 

comments follows each section. 

 

Emergent Themes 

Writing and Learning 

 The theme of writing and learning was very prevalent throughout all interviews. The 

connection between writing and learning came through students’ comments when asked 

about the purpose of the lab report, their feelings about lab reports, and their perceived 

conceptual gains in the biology laboratory course. Students emphasized the link between 

writing lab reports and understanding concepts introduced in the laboratory as well as in 

lecture. They easily discussed the role of the lab report in helping them to focus during lab 

class, helping them with other courses, helping them to communicate both in verbal and 

written formats, and serving as documentation of their learning for future reference. 

 

(1). Conceptual Understanding: 

 Without exception, all students made comments about the perceived benefits that they 

gained by writing lab reports.  Students described how lab reports helped them to 

“understand” and “learn” concepts covered in both lab and lecture. Students mentioned how 

writing the lab report after conducting an experiment helped them to interpret the lab for 

themselves instead of relying on someone else’s interpretation. Writing lab reports also 

seems to offer students more in-depth analyses of certain concepts rather than just 

memorization. All students commented on the importance of having to understand something 
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in order to write about it. Students also emphasized how writing the lab reports gave meaning 

to the lab, stating that without them, the lab would just be “busywork.”  

 

Student Comments: 

“ . . . they really do help me for exams . . . I mean when you do the research for the pre-
labs—I think that’s what I like the best—you do the research for the pre-labs, you do the lab 
report, and then you do the test, and they all fall in line and they combine together.” 
 
“I guess it cements the concept more if you have to write about it.  If you generate your own 
information about it by writing, I guess I would be more likely to remember it than if I just 
filled in a worksheet or just turned in my results.” 
 
“Anyone can memorize something for a test, but when you can sit there and explain what 
happened and relate it to variables and such and why this changed and that happened, then I 
would say that you’re learning it better.” 
 

(2). Engagement and Application: 

 As students described how they perceive the role of the lab report, they mentioned 

that it helped them become more engaged in the lab experience.  They described this by 

using words such as “focus” and “attention.” They reported that having a lab report 

assignment motivated them to be more “observant” during lab experiments and more 

involved with the lab material. Without a lab report requirement, they would “just do the lab” 

and “get out.” They also described how writing the lab reports helped them acquire skills and 

knowledge that they could apply in the lecture part of the course, in other courses, and in 

future jobs.  
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Student Comments: 
 
“I think it would be pretty much pointless to have a lab with no reports, because…you know 
that if you don’t have to write a report on a lab that you’re doing that you don’t have to pay 
attention as much or even write down all the observations you’re supposed to write down. So 
if it’s stressed that you have to write a report about it, then you’re going to pay more 
attention and be more observant . . . you’re going to understand it better.” 
 
“Well, I think that the lab report definitely prepares you for other courses and I think that 
when you know that you have to write a lab report, you pay attention more in lab, because I 
have to know what is going on so that I can write this paper.” 
 

(3). Communication & Documentation 

 Students referred to the lab report as a way to document what they had done in the 

lab—a record of methods, materials, and findings. They also referred to it as a record of their 

learning and a building block for future knowledge. They talked about the usefulness of 

having something to look back on that was written in their own words when they were 

studying for a test or writing a lab report for another class.  While students described the 

usefulness of having a lab report as a reference tool, they also mentioned that they could 

articulate discussions, answer questions, and explain the topics they wrote about. Students 

found that the lab reports not only “show” and “emphasize” what they had learned but also 

gave them an opportunity to improve their writing skills. 

 
Student Comments: 
 
“ . . . I wouldn’t feel comfortable getting up in front of a class and talking about something 
that I didn’t write a report on because there’s no research behind it really, you know.” 
 
“One good thing that’s good about it (the lab report) is that it’s always something you can 
have to read later down the road . . . written in your own words versus what’s in the lab 
manual. So that’s helpful . . . because text books and manuals are written too systematically, 
and it’s difficult to relate to it.” 
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“. . .that’s going to be helpful (writing lab reports), because you’re going to have to write 
properly no matter what you do later in life—medical school, graduate school, a job, or 
whatever.” 
 
“If you do the experiment without writing the lab report, you’re going to forget it . . . if you 
never write a lab report, what are you going to work with later? .  .  . If nothing is written 
down, how do we keep track of what we learn?” 
 

The Reflective Process 

When asked about their experiences in the lab and their approach to writing lab 

reports, students brought up issues about organizing and clarifying thoughts. In expressing 

these issues, students used words like “rethinking,”  and “thinking scientifically.”  Students 

described the differences in their experiences in labs where a report was required as 

compared to labs where a report was not required.  Mostly, students talked about revisiting 

the lab experience and the role that the lab report plays in this process. When writing their lab 

reports, most students reported that they used the approach envisioned in LabWrite—a 

“backwards” approach that requires a clear interpretation of data as the first step in the 

writing process.  

 

 (1). Organization, Clarification, and Synthesis: 

 As students discussed aspects of the lab report’s role, they mentioned that it serves as 

a tool for organizing, clarifying, and synthesizing their thoughts. They talked about how 

writing the lab report made them go back and “review the lab” and “summarize” what they 

had learned. In their descriptions of this “looking back” approach, students mentioned having 

to reread the lab manual and “rethink” methods and findings. They also described the process 

of preparing to write a lab report as an opportunity to put “everything in perspective” by 

sorting through their own ideas and understandings. 
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Student Comments: 
 
“ . . . when you really put it down on paper, you have to put it all together, and somehow it 
has a way of making you understand everything a lot better.” 
 
“ . . . it (writing a lab report) forced me to put all my thoughts together instead of having 
them all jumbled up.  Because I know that when I was in the lab, even though I was trying to 
pay attention, and I was trying to learn it, it was all jumbled up for me.” 
 
“I wouldn’t have been forced to go find references to help me understand things better so that 
I could put the lab in my own words, if I didn’t have to write them [the lab reports].” 
 
 
(2). The Lab Experience: 

 When describing their lab experiences, as related to writing lab reports, all students 

brought up the process of revisiting the lab. Students talked about how writing the lab report 

made them “reflect back on the lab experiment” and “really think about everything.” 

Students mentioned taking the time to “concentrate” and figure out “what happened and 

why” as a consequence of having to write lab reports. In labs where the end result was just a 

“fill-in-the-blank” report or “true/false questions,” students reported that they would just 

have “forgotten about it” and moved on to the next lab experiment.  By having to write the 

lab reports, students mentioned being more “thorough” and taking the time to think through 

every step of the lab. 
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Student Comments: 
 
 “Well, it helps you, I mean, it did help me to look back at the lab; because if I hadn’t written 
the lab report, I would have done the lab and never looked at it again.  It makes you look 
back over at what you did and at least interpret what you did.” 
 
“ . . . a lot of times I don’t really get it right off.  And when you have to write a lab report, 
you’re forced to sit down and go through every single step and go through all the material.  I 
mean a lot of times I don’t even know what a lot of the materials are that I’ve used.” 
 
“I mean if you have to figure out what your own hypothesis is—and of course your variables 
are based on your hypothesis—if you have to figure all that on your own, you’ll probably be 
better at thinking scientifically and designing your own experiments later on than if you’re 
answering a fill-in-the-blank question or a true or false question or some question about the 
equipment or materials. That type of approach made me think more about the design of the 
experiment and what we were going to test.” 
 

 (3). Approach to Writing: 

 Students had a clear “backwards” approach to writing the lab report. They described 

how they would write their results first so they could “visualize” their findings before they 

went ahead with the rest of the report. Students emphasized that the “visual” aspects of data 

representation helped them make comparisons and understand what happened in the 

experiment.  Students referred to the “results first” approach as a “more logical” approach to 

writing lab reports.  They described this writing tactic as one that “gets you into the 

experiment” through the process of looking at, organizing, and analyzing the data.  

 
Student Comments: 
 
“Um, well first, I took the lab and I read it again after I had already done it.  And then I 
looked over the data and analyzed it.  I guess, I followed the order that LabWrite suggested 
which is to look at the results first to see what they mean. I moved through that which I had 
never done like that before. I just usually started at the beginning and wrote until the end. But 
I actually found the LabWrite more helpful than what I’ve been used to doing. . . Now there’s 
more of a flow.” 
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 “So looking at your data first and realizing what happened gets you into the experiment 
more and why it happened and makes it easier to write the report so that it actually means 
something to you.” 
 

Writing Preparation 

 Students’ exposure to lab report writing ranged from writing lab reports in high 

school and college science courses to almost no previous experience, yet most students 

reported feeling insufficiently prepared prior to Bio 183.  Students relayed their background 

experiences in lab report writing in the context of past and current practice and the changes 

they experienced over the course of their semester in Bio 183. Associated with these 

accounts, students’ negative perceptions came to the forefront, particularly an overwhelming 

concern with the amount of time that goes into writing lab reports.  

 

(1). Previous Experiences: 

The reports that students had written in the past varied in both numbers and quality. 

Some students had written reports for previous science courses, while others had only been 

minimally exposed to lab reports.  Some students reported being familiar with the traditional 

lab report format, while others had mostly completed fill-in-the-blank or “worksheet” types 

of reports.  Students described not having to write hypotheses prior to their experiments, not 

having structured lab reports, and completing pre-labs that were limited to recall information.  

Students also mentioned receiving little to no guidance on lab report writing in previous 

science courses.  In recounting past experiences, one student referred to their experiences 

with lab report writing as “walking in the dark.” When comparing them to previous reports, 

students described their lab reports in Bio 183 as requiring more “abstract thinking” and 

thorough work. As student talked about their Bio 183 lab report experiences, they spoke 
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favorably of reports in general. They also reported their satisfaction when writing reports that 

helped them delve into hypotheses, variables, and findings in a more “in-depth” manner than 

they ever had.  

 

Student Comments: 
 
“Well, in chemistry we just had to fill out worksheets, or answer questions from the lab.  And 
I don’t know if I understood a single experiment that we’ve done in there fully.” 
 
 “Like just being given the titles to the sections with very little information [in other lab 
courses].  I mean, I could probably figure out what is meant, but it’s better if it’s explained.” 
 
“Before [this course], it was just like walking in the dark. You know I would try to write the 
introduction and the abstract before I had looked at the results and all that. It just helped me 
to get a good sense of what happened in the experiment, and before I was just like trying to 
write it up and get it done, and I wasn’t really getting involved with the experiment and all 
the variables and stuff and what really happened and understanding why.” 
 
 (2). Resources and Instruction: 

 When asked what resources and instruction students relied on to write their lab 

reports in Bio 183, they listed a variety of things, most of which were directly linked to 

LabWrite. Students mentioned the LabWrite Pre-Lab assignment as important in determining 

the background for the lab experiment and figuring things out, like the hypothesis, before 

completing the experiment. They also described the LabWrite sample lab report and the Post-

Lab as useful guides in structuring their lab reports and understanding what goes in each 

section. Students referred to LabWrite as being useful, and helping them with writing lab 

reports in other lab courses. Some students commented on the value of the Pre-Lab 

assignment as a time-saver when writing the final report. When talking about their lab report 

assignments, one student said, “I probably wouldn’t have known what to do with it without 

LabWrite.” 
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Student Comments: 
 
 “I probably wouldn’t have known what to do with it without LabWrite. If they just said, here 
go write this lab report, I would have some idea, but I probably wouldn’t know how to write 
it, not really.” 
 
“I used LabWrite to write other reports. . . I use the same process. I wrote the results first, and 
I used the same sequence, so it rubbed off on my other classes.” 
 
“Well, I used LabWrite to help me, because I didn’t really know much about writing lab 
reports before this. The web site comes in handy to help you understand what goes in each 
section . . . Where it explained what each section included was most helpful.” 
 
“I felt that the Pre-Labs really made me read the lab manual to understand what was going 
on in lab.” 
 
 (3). Changes Over Time: 

 Overall, students reported feeling “better,” “more experienced,” and “more confident” 

about writing lab reports after going through Bio 183. Even though they still preferred not 

doing them, students mentioned that they found writing the lab reports easier than before Bio 

183. They also reported feeling like they had gained a good grasp of the whole lab-writing 

process, and that they would know what to do in other courses that required lab reports. 

Students reported realizing that reports “really help” with understanding the lab material. 

They also reported feeling better about writing lab reports after writing reports that were 

more than just “fill-in-the-blanks, because it allowed them to “explain” and “bring it all 

together.” 
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Student Comments: 
 
“I just feel really confident, and I think I could write, you know, about any experiment.” 
 
 “I think they’re easier now, because I know what to look for and what to pay attention to in 
lab, and what to pay attention to when like the lab instructor is talking or whatever.” 
 
“I’m sure that I got better at it . . . I just like making it all come together rather than just, like 
filling out a worksheet and say here you go, at the end.” 
 

(4). Negative Perceptions:  

 Students’ negative perceptions came up as student described writing lab reports—

how they wrote them—and what they liked and did not like about writing them. Students 

described lab reports as “not fun” and the “worst part of doing an experiment.”  All students 

agreed that lab reports are too “time-consuming and a “lot of work.” Despite their negative 

perceptions, students acknowledged that lab reports “helped” them and were “worthwhile” 

experiences to have as part of a laboratory course in science. 

 
Student Comments: 
 
“I would think, this will take forever.  I mean, I remember not wanting to do it, but they do 
help me so much, so I realize that.” 
 
“They take a lot of time, and they just seem to go on forever and then you look back and you 
say, I just did all this, and it doesn’t seem worth it at the time, but later it does.” 
 
“Um, well, obviously it’s time consuming, but I can’t really think of anything other than 
that.” 
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Discussion 

The findings in this study suggest that with improved instruction in lab report writing, 

students can write good quality lab reports that show both an understanding of lab concepts 

and scientific ways of communicating science. Students who used LabWrite wrote lab reports 

that reflected a significantly better understanding of the laboratory investigations they were 

writing about than students receiving traditional instruction. They were also more apt to 

express their ideas in ways characteristic of scientific writing than their non-LabWrite 

counterparts.  LabWrite students' abilities to communicate scientific concepts with clarity and 

in a manner appropriate to the written discourse of science align themselves well with 

elements of scientific literacy.  Scientifically literate individuals understand basic concepts in 

science, display ways of scientific thinking, and can use scientific knowledge in social 

contexts (AAAS, 1989). Since LabWrite places its emphasis on the process of writing a lab 

report, it helps students to engage in the process of science and ways of scientific thinking.  It 

also helps students identify the role of the lab report for communicating findings, formulating 

understandings, and drawing conclusions.  

Instruction such as LabWrite, which guides students through an entire lab experience, 

helps students to reflect on what they are writing, in turn encouraging them to focus on their 

learning goals.  Students who receive in-depth instruction—such as the LabWrite students—

are considered more “expert” or experienced writers, because they know the goals of the 

written assignment (Galbraith, 1992; Bereiter & Scardamilia, 1987)--how and why to write 

it. Students using LabWrite were more likely to be aware of the scientific concepts they were 

learning about as well as the function of each part of the lab report. Overall, they were more 

successful at analyzing their data, supporting their arguments with their results, and 
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establishing relationships between background knowledge and their findings, than students 

not using LabWrite.  

While students seem to report favorable attitudes toward science, regardless of the 

type of instruction they receive, students using LabWrite reported more favorable attitudes 

toward lab report writing.  Students who receive in-depth instruction and guidance seem 

more likely to develop positive or favorable attitudes towards writing lab reports than 

students who receive minimal instruction in lab report writing.  Positive results in the science 

attitude survey help to establish both groups—the treatment and comparison—as typical of 

students who like science and would major in science. Although there was no bias of one 

group liking science more than the other, there was a bias in academic class and number of 

science courses that students reported taking.  Overall, students in the treatment group were 

mostly at the Freshman-level and so had taken fewer college science courses than their 

counterparts in the comparison group.  These findings suggest that the comparison group 

may very well have been exposed to more lab report writing experiences than the treatment 

group. Despite this disadvantage, LabWrite students scored higher in their lab reports than 

the comparison group.  These results seem to emphasize the importance of in-depth 

laboratory writing instruction to both students’ abilities to write quality lab reports and their 

attitudes toward scientific writing. 

Although, students were not asked directly about the influence of LabWrite in their 

perceptions about lab report writing, their responses bring an added level of insight to the 

quantitative results, and help to clarify why differences exist between groups. Student 

responses suggest that lab report writing "cements the concept" about which they are writing, 

reinforces material relevant to the lecture course, and "helps on exams." Students are also 
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more likely to "pay attention" during lab when they have to write a report as well as use their 

knowledge of lab report writing in other courses. Students seemed to understand the role of 

the lab report as a tool for not only learning but also for communicating findings. These are 

general perceptions, yet they fall in line with the philosophy of LabWrite in helping students 

to understand why lab reports are written. 

Students using LabWrite also seemed to immersed in the writing process before, during, and 

after lab. They made references to “looking back” at the lab experience, revisiting, and 

reviewing each step of the lab. Students’ writing process was a reflective one, where students 

looked at the results first to find meaning for themselves and then for others. They referred to 

this “backwards” approach to writing lab reports as essential to sorting out their ideas, 

analyzing their findings, and “putting everything together.”  

When compared to other classes they were taking or had taken, where lab reports 

were required, students commented on how they preferred the thorough nature of the 

LabWrite reports. They compared the LabWrite reports to fill-in-the-blank reports they had 

done in the past, by describing how the LabWrite reports had really helped them to learn the 

material.  Students expressed confidence and a sense of improvement in their learning as well 

as in writing lab reports as a result of participating in the LabWrite group.  Students did not 

hesitate to make direct references to LabWrite as the tool that 

“helped them the most” to write their lab reports.  Despite students’ acknowledgement that 

lab reports help them and that they are “worthwhile,” students expressed continued dislike 

for lab report writing. This finding corroborates other research that describes how it is easier 

to make writing meaningful than to make it attractive (Mason & Boscolo, 2000).  Students’ 
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main complaint about lab reports related to the amount of time required for completing them, 

yet some students discussed how they became more efficient with time.  

Student responses and quantitative findings seem to suggest that in order to validate 

the lab report as an important part of the science college teaching, science courses have to 

trade in their fill-in-the-blank laboratory manuals for resources that teach science as a 

discipline with its own discourse community.  These resources need to include in-depth 

instruction in the process of lab report writing.  Science laboratories need to move away from 

places that reinforce lecture materials, to places that allow real learning to take place.  The 

ideal lab would be a place that allows students to develop their own investigations from 

beginning to end (Shiland, 1999); but in cases when this is not feasible, students should at 

least experience labs where they can collect authentic data and form their own conclusions.  

Similarly, the lab report should serve as a medium for students to learn the process of science 

and not just to report observations or results.   

 

Implications  

Understanding the nature of the language used in a specific scientific genre allows a 

writer to write clearly and precisely in order to fulfill the requirements of that genre.  Since 

scientific writing is expository, it serves to teach students how to formulate, explain, and 

interpret (Peterson, 1961). Teaching students the characteristics of the lab report as a genre 

within scientific writing used to build hypotheses, make inferences, and derive meaning from 

observations and findings may help them understand how the scientific community conveys 

scientific knowledge. 
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Specific instruction and guidance in scientific writing genres is crucial, because 

communicating by using scientific discourse is different from communicating within other 

discourses, for example, history or English.  Learning to write scientifically in a writing class 

is very different from learning scientific genres together with scientific concepts and 

procedures used in a science class. Usually, students do not connect what they learn in a 

writing class with the writing they do in a science class (Madigan, 1987).  This is probably 

because the culture of science has a specific way of creating meaning about the things around 

us.  It is a culture in itself with an entire system of concepts and representations of the natural 

world that is different from other disciplines’ representations of the world.  Teaching for the 

understanding of the culture of science may increase students’ overall appreciation of 

scientific practices and help them to achieve scientific literacy. "Just-in-time" instruction 

such as LabWrite may help students make the connections between what they are writing and 

the cultural context of scientific practices. 

Since communication is at the heart of scientific literacy, a scientifically literate 

person should be able to receive and understand scientific information as well as express his 

own scientific understanding in an intelligible form (AAAS, 1989 & 1993).  Being able to 

communicate using good organization of information, clear interpretations, and clear 

depictions of relationships reflects a certain familiarity with main concepts in science. 

Individuals, who can pose well-structured arguments and reason through problems, exhibit 

scientific “habits of mind” (NRC, 1996).  Such “habits of mind” include higher order 

thinking skills—logical reasoning and problem solving—which are akin to scientific 

thinking. Expository scientific writing, such as lab reports, is directly linked to scientific 

thinking; because such writing depends on very specific logical structures that revolve 
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around hypotheses generation, testing, and inference (Kuhn, Amsel, & O’Loughlin, 1988; 

Peterson, 1961).  

With proper training, science instructors may become more willing to acknowledge 

scientific writing in their science courses as a valid tool for teaching.  Proper training would 

include help with grading issues.  Balancing grading with all other teaching responsibilities is 

a huge concern when considering written assignments in science curricula (Brillhart & Debs, 

1981; Madigan, 1987; Rosenthal, 1987).  Teachers feel that grading written assignments is 

very burdensome, especially giving written feedback.  One suggestion to ease this problem is 

to grade selectively, and not read everything the student writes (Brillhart & Debs, 1981; 

Madigan, 1987).  Minimizing the amount of comments on a paper also decreases grading 

time.  Many students either do not understand teachers’ written comments or do not read 

them at all (Madigan, 1987).  There is no doubt that grading lab reports will increase 

instructors’ work load outside of class, but the process can be made easier if instructors are 

taught a specific grading process. For example LabWrite helps ease the grading load on 

instructors by giving them an interactive rubric that students use to figure out what went 

wrong at specific points in their report.  As students become better writers, the amount of 

time spent correcting papers decreases significantly (Brillhart & Debs, 1981).  

 As science instructors become more knowledgeable about how to teach scientific 

communication skills as well as about the benefits of including writing in their science 

courses, their perspectives about scientific writing may become positive. If their approach to 

scientific writing is positive, students are also more likely to see it positively.  If science 

instructors teach lab report writing as a process that allows them to explore and develop their 

scientific understandings, students may be able so see it as more than just busy-work.  With 
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proper instruction, both instructors and students will learn to see the lab report as more than 

just a summary of factual information.  They may learn to see lab reports as tools for 

organizing and clarifying what they are learning in their scientific investigations (Butler, 

1991; Collins, 1999; Keys, et al., 1999) as well as powerful evaluative tools. 
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Part Two: Traditional Scientific Writing Formats in College Science Courses  
A Case for Additional Research  

 

Abstract 

Most studies in science writing are dominated by the writing-to-learn tradition that 

emphasizes non-traditional forms of writing in K-12. Few research studies explore the role of 

traditional formats of scientific writing in K-12, but even fewer at the college level. The field 

of scientific writing needs more studies in college science classrooms that look at the role of 

teaching the written discourse of science as situated in the context of authentic science 

practice. A return to traditional scientific writing may help to accomplish this task by giving 

students an opportunity to communicate in a way that reflects the culture of science. This 

paper reviews and compares the existing literature in the "writing-to-learn," "writing across 

the curriculum," and other writing traditions. It also examines the role of science writing in 

developing scientific literacy, knowledge about the written discourse of science, and 

conceptual knowledge in science.  
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Introduction 

 Writing in college science classrooms has traditionally taken the form of laboratory 

reports, scientific articles, and essays. Although these formats remain common writing 

assignments, a lot of college science courses seem to depart from these formats in favor of 

short answers, fill-in-the-blanks, and multiple-choice. This is especially true in the 

undergraduate introductory science courses, where decisions to eliminate traditional formats 

of scientific writing stem from efforts to reduce grading time and work load on instructors.  

Simultaneously, students find writing assignments in the sciences as unappealing and out-of-

place. After all, many students who excel in the sciences do not excel in writing. These 

students think of science courses as respites from writing term papers and reports.  Ironically, 

these introductory level courses are the very ones that may offer students a foundation for 

learning the written discourse of science—where students may benefit most from learning 

how to articulate scientific conceptions in written formats common to the scientific 

community. 

 Even in classrooms where traditional writing continues to be part of the curricula, 

little attention is paid to the connection between writing and learning. Most assignments are 

geared towards a product of some sort, be it a report, an essay, or other format.  Writing 

assignments are often graded for a right answer rather than for higher order “thinking skills” 

such as analysis, synthesis, and evaluation—skills commonly developed and employed 

throughout the writing process.  Since the emphasis is heavy on “getting the right answer,” 

students rarely experience or understand the benefits of authentic engagement in the process 

of scientific writing (Phelps, 1996).  With an emphasis on the right answer, if learning occurs 
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as a result of writing, it remains rote knowledge that is no different than recall responses on 

multiple choice tests. 

 Students often feel so disconnected from the process of scientific writing and its role 

in the culture of science, because of the lack of instruction in this area. Most instruction in 

the college science classroom comes under the assumption that students already know how 

and why a lab report or scientific article is written, for example. They incorrectly assume that 

students have been writing reports in other classes, and probably in high school, and 

therefore, they already know what it entails (Krest & Carle, 1999). Based on these commonly 

false assumptions, instructors provide minimal if any instruction on how and why to write 

scientifically.  Sometimes, instructors leave out instruction on scientific writing, because they 

are unfamiliar with or unable to teach scientific genres (Hand, Prain & Yore, 2001). For these 

reasons, students are often left to their own recourses to figure out their science writing 

assignments leading to frustration, misconceptions, and misplaced goals. 

 When properly taught and integrated into a college science course, traditional formats 

of scientific writing such as lab reports and scientific articles can help students become 

scientifically literate. Students can learn how to communicate in the discourse of science and 

at the same time acquire conceptual knowledge and higher order thinking skills. Although 

there is very little research on the role of traditional writing in college, this paper uses 

existing findings of studies on K-12 to argue that traditional scientific writing in the college 

classroom is essential to scientific literacy and conceptual learning.   Further, this paper 

attempts to illuminate three major areas associated with writing in the science classrooms: 

Writing-to-learn, scientific literacy and the discourse of science, and writing and knowledge 

construction.  
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Writing to Learn 

Most of the emphasis to put writing in the science curriculum came from two 

concerted movements, “Writing-to-Learn” (WTL), and “Writing Across the Curriculum” 

(WAC). These two movements served as catalysts for numerous investigations on the role of 

writing in science classrooms.  WTL became popular during the 1970’s as a result of 

research work from the United Kingdom (Britton, Burgess, Martin, McLeod, & Rosen, 

1975), and was quickly adopted by the United States.  It was soon integrated into a 

movement known WAC.  Implemented by numerous universities, colleges, and high schools 

in the 1970’s and 1980’s, WAC’s goal was to use writing as a means for teaching course 

content in all the disciplines while improving general writing skills (Kirscht, Levine, & Reiff, 

1994; Madigan, 1987).   

Initially, WAC focused on formal types of writing that were seen as part of the 

scientific, social scientific, and literary “communities of discourse” (Connally & Vilardi, 

1989).  As WAC evolved, it moved away from these formal types of writing and embraced 

WTL, which emphasizes informal types of writing as a means for learning content 

knowledge (Keys, 1999a). WAC programs began to spend less time on writing in the 

traditional genres in favor of frequent, typically short and ungraded informal writing 

assignments, such as journal entries, response statements, dialogs, and letters (Ackerman, 

1993).  

As the writing movement shifted its focus towards more informal types of writing, a 

dichotomy emerged with one side favoring the traditional or “modernist” approach to writing 

and another favoring the more informal, “post-modernist” approach (Prain & Hand, 1996).  

Those on the traditional side emphasize the importance of writing within the context of 
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discourse communities.  Researchers, such as Holliday, Yore, and Alvermann  (1994) believe 

that learners need to integrate the processes of communication in a discipline with the content 

knowledge, because writing to communicate in the disciplines is not separate from learning.   

Researchers in favor of integration into a discipline promote transactional forms of writing 

that are expository and persuasive, and include reporting, summarizing, analyzing, and 

hypothesizing (Newell, 1998).  Despite these claims, little attention is given to this type of 

writing as a tool for learning (Keys, 1999a).  Most of the WTL research is dominated by 

those on the other side of the argument, who see writing as a less limiting form.  They 

advocate a form of writing that allows learners to understand content knowledge through the 

broad use of expressive and poetic language (Prain & Hand, 1996) with little or no 

connection to discourse communities.  Expressive writing is personal writing such as journals 

and informal assignments that involve the writer’s voice and feelings.  Poetic writing uses 

literary conventions such as poetry, fiction, and drama (Newell, 1998). 

Whether “formal” or “informal,” the act of writing is a powerful process for 

rethinking and coming to terms with what we know and don’t know (Applebee, 1984; 

Langer, 1986; Prain & Hand, 1999; Santa & Havens, 1991).  It is a way to gain an awareness 

of knowledge that perhaps would not surface through rote memorization.  Researchers see 

writing as a tool for manipulating material.  The more a learner manipulates material, the 

more he or she explores ideas and assumptions (Applebee, 1984; Newell, 1998; Rivard, 

1994). Even the most basic types of writing activities such as short answer responses seem to 

improve students’ abilities to remember and understand material as compared with “covert” 

(mental) responses (Applebee, 1984).  Although some content manipulation is better than 

none, the amount of manipulation a writing task demands may be directly proportional to the 
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extent of understanding.  For example, Newell (in Rivard, 1994) found that students who 

write essays tend to learn more than those completing fill-in-the-blank assignments. 

Writing prolongs the time a student spends with the material, and is more demanding 

than reading (Langer & Applebee, 1986).  Writing is an active task, which requires students 

to revisit, reconsider, and reevaluate the content material (Emig, 1977).   It allows for the 

organization of thought and the creation of new meaning (Applebee, 1984; Prain & Hand, 

1996).  Writing reflects thinking—“it glues thinking to paper” and becomes a “public record 

of thinking” (Holliday et al., 1994).  Writing helps learners make sense of their ideas by 

giving them a medium to shape their ideas with words (Britton et al., 1975; Newell, 1998).  It 

gives way to an active process of thinking and rethinking as new ideas and relationship 

between ideas emerge (Applebee, 1984). 

Howard (1988) and Horton, Frank, & Walton (1985) define writing as a “symbolic 

activity of meaning-making”—a tool for understanding as well as for communicating.  When 

students try to communicate their ideas, “formally” or “informally,” they express their own 

views of the world.  It is an action that calls upon previously learned knowledge and clarifies 

the ties between new and old content knowledge (Glynn & Muth, 1994).  According to 

Ackerman (1993), there is a general consensus among researchers that writing serves to 

foster a deeper conceptual understanding that can be contrasted with rote, factual learning.  

When students are given writing assignments that require them to infer and interpret, they 

engage in a process of discovery or problem-solving (Holliday et al. 1994; Newell, 1998; 

Ackerman, 1993).  These higher-order thinking skills favor students’ understanding of 

science through writing (Britton et al., 1975).  It transforms the roles of students from 

recipients of knowledge to constructors of knowledge. 
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Since there seems to be a clear connection between writing and reasoning, it is 

important that teachers use writing as a tool for teaching.  Madigan (1987) found that through 

their writing, students could reflect on course content and reinforce important concepts.  

Since writing offers opportunities for planning, reviewing, and revising; it is a process—not 

just a product—that can enhance learning rather than just test it.  Teachers who use writing as 

a means of promoting learning need to move away from writing formats that restrict students 

to report recall information (Applebee, 1984; Rivard, 1994).  Writing, that serves to only 

report knowledge, may limit students’ elaborations of ideas and may be classified as rote, 

passive learning.  Marshall (1984) observed that students tend to disregard writing when the 

product is emphasized over the process.  It seems to take away from the task’s authenticity, 

and undermine its importance and creative appeal. 

The use of writing for evaluative purposes is common in the sciences, where writing, 

if assigned, is typically limited to brief exam responses.  Writing is rarely used for expanding 

understanding of scientific topics.  Historically, students have seen science courses as places 

where they can take refuge from in-depth or extensive writing assignments.  In 1996, the 

National Assessment of Educational Progress reported that 41% of all grade 11 participants 

had never written a formal lab report, and 52% had never written a report of any kind 

(Rivard, 1994).  Despite the WAC’s efforts to bring writing to all the disciplines, research 

shows that science teachers place little emphasis in writing.  Despite the small emphasis on 

writing, studies of science classrooms across all grade levels, where writing has been 

included in the curricula, report some gains in student performance (Rivard, 1994).  

In an effort to improve students’ understanding of course content, Horton et al. 

(1985), assigned written summaries of lecture materials in his college general chemistry 
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course.  The professor graded the assignments and allowed students to ask questions and 

discuss problems.  In a pretest-posttest, controlled study, he found that students who 

completed the summaries (n=68) scored significantly higher in the posttest than students who 

only listened to lecture material.  Results of student surveys indicate that 82% of all students 

in the treatment group thought that the written assignments had increased their understanding 

of course material, and 73% thought that it should continue to be a course requirement.  It is 

difficult to decide whether the treatment group’s improvement in exam scores was solely due 

to the writing assignments or if it was associated with the increase of student-instructor 

communication as a result of the written assignments.  Horton et al. based their study on an 

earlier study by Steiner (1982) that required students in an organic chemistry class to submit 

written summaries of class lectures.  This study reports no statistical analyses, but shows that 

the class average increased by 15 points when students had to complete the summaries.  

Again, it is not clear if the written assignments should receive full credit for improving the 

students’ overall class grades. 

Such inconclusive results are common in WTL research.  In a preliminary study 

Ambron (1987) looked at the influence of writing assignments on student learning in a 

college cell biology class.  She assigned journal writing and “microthemes”, short essays 

written on index cards, as a means to enhance students’ critical thinking skills, content 

understanding, and performance on laboratory reports.  Ambron found that while the 

students’ use of scientific terminology was accurate and thinking seemed clear, the writing 

assignments did not help students improve their writing in essays or lab reports.  In their 

comments, students mentioned the value of writing in order to clarify their thinking and 
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understand biology; but further study is needed to determine exactly how these writing 

assignments help students. 

Similarly, in their study of an entry-level chemistry course for majors, Thall and Bays 

(1989) tried to help students think clearly about course material before taking their exams by 

giving them practice writing assignments.  They comment on these students’ improvement in 

written skills as compared to students in previous classes, but fail to adequately document 

findings.  The only data the researchers report are brief samples of students’ writing, and 

comments about students’ writing problems such as redundancy and lack of variety.  There is 

no mention of content learning of any kind.   

Claims about improved thinking and understanding mark the WTL research, yet few 

studies analyze the reasons for such improvements when writing is added to classroom 

assignments.  Madigan (1987) tries to explore this issue by examining written passages of 

three students, a biology high school student and two college students, one in chemistry and 

one in computer programming.  Analyses of these students’ “informal” written responses to 

science and computer problems show that students are hypothesizing and reasoning on paper 

in order to come to understandings for themselves.  According to Madigan, students are 

simultaneously generating and evaluating ideas by using a “private vocabulary” to reflect 

their thinking on paper.   Although unstructured and grammatically flawed, Madigan argues 

that these “informal” written responses improve understanding beyond what fill-in-the-blank 

or formal tests can allow.  Despite these claims, Madigan offers no concrete evidence about 

the benefits of “informal” writing assignments on student learning.    

In a study to see if conceptual change in science can be measured by writing, Fellows 

(1994) analyzed 25 middle school students’ writing over a twelve-week period.  The 
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objective was to observe how instructors might use writing to gauge thinking. Data came 

from students’ written responses to short-answer questions and interviews before and after 

instruction.  The researchers composed concept maps based on the students’ written 

responses in order to trace their line of thinking.  Although Fellows does not claim that 

writing alone should be used as a way of assessing students’ thinking, she did find evidence 

that writing serves as a “window into students’ thinking.”  Writing also seemed to encourage 

students to share their conceptions about scientific topics with other students, and explore 

their new ideas in a new form. 

Other researchers explore the notion of tuning students’ minds to science through 

more formal types of writing.  Liss and Hanson (1993) advocate “minds-on” learning as a 

good alternative to memorization.  In their study, they looked at the effects of five written 

research projects on college anatomy and physiology students.  Although they did not 

complete any statistical analyses, they collected comments from students.  Overall, students 

found that the assignments were “difficult” and “anxiety-provoking,” but “highly valuable” 

in understanding the subject matter.  Kirkpatrick and Pittendrigh (1984) found similar results 

when they implemented essay writing in their course to improve students’ understanding of 

college physics.  In their study, 38 out of 43 students reported that the essay writing had 

helped them understand physics.  Student comments suggest that writing the essays had 

helped them think about the material and not just memorize it.  Student exam grades also 

increased significantly as compared to previous classes where writing had not been required. 

It is difficult to determine what a student means when he or she reports 

“understanding” of a topic as a result of written assignments.   In a three-year study of 

students’ perceptions about learning science through writing,  Prain and Hand (1999) take a 
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closer look at this issue than do most previous studies.  Eleven classes (grades 7-12) 

participated in their study, which required teachers to assign a variety of writing tasks that 

included brochures, creative stories, poetry, songs, letters to newspapers, and PowerPoint 

presentations.  Students and teachers were taught five dimensions associated with writing: 

purpose, type, audience, method of text production, and topic (Prain & Hand, 1996).  

Students’ comments during interviews (n=62) show that 84.9% of students had positive 

experiences with the writing tasks.  Positive attitudes seem to be related to a “sense of 

ownership and control over learning.”  More than half of the students expressed a preference 

for “active” writing tasks, because they are more “interesting than just writing out stuff from 

the board.”  Overall, students reported that diversified writing tasks had enhanced their 

learning of science content, because they had to “really think about it” and put it into their 

own words.  

Although studies such as Prain & Hand’s suggest that students’ are able to perceive 

benefits associated with writing in science, it ignores the socio-cultural aspects of learning.  

Writing in itself may not produce learning, because like any other classroom task, writing to 

learn is situated in a social context. The way a teacher supports and values writing 

assignments in his or her classroom could be an important determinant of how students 

perceive writing.  As soon as a teacher integrates a new activity, such as writing, into the 

curriculum, his or her ideologies may shift and influence the classroom interactions that 

support learning (Ackerman, 1993; Newell, 1998).  

The amount of instruction that students receive prior to completing a writing 

assignment is also an important determinant of students’ success in writing to learn 

(Simpson, 1986).  Beall (1991) found that students in a chemistry class had improved 
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perceptions associated with writing when the instructor carefully explained the purpose of the 

writing assignment.  In Prain & Hand’s study (1996), both students and teachers were taught 

to follow a specific process, making the demands of the writing tasks clear to everyone.  

When students know about the demands of the writing assignments, and teachers know how 

to select assignments based on learning outcomes, learning from writing is more successful 

(Prain & Hand, 1996).  Since not all writing tasks produce the same results, it is crucial for 

teachers to match writing activities to learning outcomes (Langer, 1986; Newell, 1998; 

Penrose & Katz, 1998).  The learning outcomes of writing assignments vary because the 

conceptual demands of writing tasks (Applebee, 1984; Odell, 1980) affect the level and type 

of learning a student achieves.  For example, an essay may require a different level of 

cognitive processing than simple note-taking.   

When both teachers and students are clear about the objectives of the writing 

assignment, students seem to be more successful at accomplishing these objectives. Studies 

suggest that along with clear goals and objectives, instructors need to provide sufficient 

structured instruction.  Structure may come in the form of pre-writing activities such as 

concept maps, pre-labs, drafts, or outlines that can help organize ideas and stimulate 

thinking. In a case study of 2, 3, and 6 grade students, Patterson (2001) analyzed the role of 

concept maps as an activity that may help structure the writing process. Students who were 

successful at completing the concept maps were able to explain and make connections 

between their ideas when writing answers to questions about specific concepts. Structured 

instruction seems to be of key importance when helping students to negotiate scientific 

conceptions through writing. By having students use a science writing heuristic, researchers 

(Keys, Hand, Prain, & Collins, 1999; Hand and Keys, 1999) found a way to improve 
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students’ understanding of concepts, by helping them structure their thinking through a series 

of steps during lab activities.  Similarly, at the college level, achievement in writing improves 

when students receive guided instruction on science writing that is embedded in the context 

of the course (Koprowski, 1997; Moore, 1993).  It seems to be very important for science 

writing skills to be taught in the science classroom rather than in a composition or writing 

class where skills are learned out of context and not as easily integrated into practice.  

The way students handle information during a writing task depends on the type of 

writing they are producing.  Studies show that essay writing results in more elaborating, 

interpreting, and hypothesizing than recall tasks such as answering questions (Rivard, 1994).   

Newell (1998) argues that during essay writing, students must manipulate content material 

until they find ways to support their points-of-views.   Similarly, Langer and Applebee 

(1987) found that students engage in more complex thought processes when answering essay 

questions than when answering study questions.  Durst (1987) compared analytical essay 

writing to summary writing, and found that analytic writers used a higher-level of planning 

than did summary writers.  Analytic writers also questioned and evaluated the content they 

were writing about.  These findings fit in nicely with Bereiter and Scardamalia’s (1987) 

models of writing:  “knowledge-telling” and “knowledge transforming.”   According to these 

models, “knowledge-telling” forms of writing such as answering questions rely on recall and 

do not develop analytical skills, while “knowledge-transforming” modes of writing such as 

essays encourage higher order skills such as analysis of problems, solutions, and application 

of content knowledge.   

 The types of writing that fit into the “knowledge-transforming” model are a source of 

controversy for researchers in the WTL movement.  Since the WTL movement emphasizes 
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expressive writing over transactional writing, some researchers (Conally & Vilardi, 1989) 

argue that transactional writing is only useful in displaying a student’s mastery over content 

material.  If students are to make connections in their thinking, they must do it through 

expressive writing.  Others disagree with this view (Christie, 1985; Holliday et al., 1994, 

Halliday & Martin, 1993; Keys, 1999a).   They see transactional writing, which in science 

includes lab reports, term papers, and lab notebooks (Beall, 1998), as an important 

component of teaching the discourse of science.  Despite this division, some studies have 

found that combining traditional and non-traditional modes of writing may enhance learning 

(Hand, Prain, & Yore, 2001; Hand Prain, & Wallace, 2002) better than no writing or just one 

type of writing on its own.  

Keys (1999a) argues that content knowledge in science must be taught in parallel 

with the specific genres of communication in science.  Halliday and Martin (1993) argue that 

scientific genres must be taught so that “all children might have access to the discursive 

power of scientific texts.”  Although there is a lot of research about the role of expressive 

writing in learning, there is very little research that exists about transactional writing.  Putting 

an emphasis on expressive writing, while ignoring teaching of scientific genres, weakens 

some students’ abilities for learning to read and write scientific texts (Rivard, 1994).  

 

Scientific Literacy and the Discourse of Science 

Science students need to learn about the discourse of science in order to be able to 

communicate scientifically.  Expressive writing may give students the opportunity to put 

science into their own words, but it fails to give them the opportunity to practice the genres 

of scientific writing that scientists use to communicate their findings and discoveries.  
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Science is a culture of its own, with a specific language and system for conveying and 

transmitting information.  Students need to be submerged into this culture of science so that 

they can think, talk, and write scientifically (Glynn and Muth, 1994; Penrose & Katz, 1998; 

Roth, 1993).  Effective communication in science requires that students become familiar with 

and learn to use scientific language in ways that reflect the scientific process.   

By learning what scientific language is, how and when to use it, students begin to 

understand the nature of scientific terminology and methodology.  Understanding the nature 

of the language used in a specific field like science allows a writer to write clearly and 

precisely.  In science, writing is expository, which means that it serves to formulate, explain, 

and interpret (Peterson, 1961).  This includes building hypotheses, making inferences, and 

deriving meaning from observations and findings.  These practices are essential to the 

process of science and are commonly expressed in different types of scientific writing such 

as the research report which is considered the most common form of written communication 

used by scientists (Penrose & Katz, 1998; Yore, Hand & Prain, 2002).  Other important 

traditional forms of scientific writing include lab reports, proposals, research grants, and 

review articles. Teaching students the characteristics of these formats—their uses and roles—

may help them understand how the scientific community conveys findings, concepts, and 

procedures. 

Writing in science may help to initiate students into the authentic practices of the 

scientific community by allowing them to communicate in ways that are relevant to science. 

Once students understand the rhetorical goal of a specific writing assignment, they may be 

able to better communicate their scientific ideas and formulate arguments in ways that 

directly reach their intended audience. The problem lies in how to teach students the 
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principles of scientific discourse without focusing on the product instead of the process 

(Galbraith, 1992; Galbraith & Rijlaarsdam, 1999). Too often, teaching genre becomes a 

return to a focus on stylistic features and systematic writing that is divorced from thinking 

processes or knowledge development. This key issue revisits the importance of instruction—

it must be explicit and it must integrate knowledge about science discourse with the process 

of writing.  

In an effort to explore the importance of instruction of science as a culture with its 

own specific practices, Kelly and Chen (1999) examined oral and written discourse processes 

in a high school physics class. They found that students’ verbal and written responses 

reflected a need for instruction relating to the practices of the scientific community.  Kelly 

and Chen note that students need to learn what counts as a hypothesis, a theory, an argument, 

if they are to communicate successfully in science.  Kelly and Chen also observed that while 

teachers may be very experienced with the discourse of science, they do not include 

instruction about the social practices of science in their lessons.  This lack of instruction 

leaves students at a loss, especially during report writing or any scientifically authentic 

activity that is deeply rooted in the cultural practices of science.  

Learning how to communicate science in a writing class is very different from 

learning scientific genres together with scientific concepts and procedures used in a science 

class.  Usually, students do not connect what they learn in a writing class with the writing 

they do in a science class (Madigan, 1987).  This is probably because the culture of science 

has a specific way of creating meaning about the things around us.  It is an entire system of 

concepts, evaluations, and representations of the natural world that is different from other 

disciplines’ representations of the world.  Teaching for the understanding of the culture of 
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science may increase students’ overall appreciation of scientific practices and help them to 

achieve scientific literacy.  

Although scientific literacy has been defined in many ways, the ability to 

communicate scientifically is central to scientific literacy.   A scientifically literate person 

should be able to communicate scientific conceptions and make scientific arguments in both 

written and verbal formats (Holliday et al., 1994).  According to the American Association 

for the Advancement of Science (AAAS), Benchmarks for Scientific Literacy  (1994), and 

Project 2061: Science for All Americans (1989), effective scientific communication skills are 

defining characteristics of the scientifically literate individual.  The AAAS considers good 

communication “a two-way street” where the scientifically literate individual can receive and 

understand scientific information as well as express his own scientific understanding in an 

intelligible form.   Good communication includes familiarity with main concepts in science, 

so that students may explain them using examples and persuasive arguments (AAAS, 1989).  

It also includes good organization of information, clear interpretations, and clear depictions 

of relationships. 

By developing the skills to communicate in ways that are appropriate to the science 

community, individuals develop specific ways of thinking.  As individuals attempt to pose 

well-structured arguments and reason through problems, scientific “habits of mind”—as the 

National Science Education Standards (NRC, 1996) refers to them—begin to form.  These 

scientific “habits of mind” or scientific thinking patterns include higher order thinking 

skills—logical reasoning and problem solving.  Scientific thinking relates to expository 

scientific writing, because such writing depends on very specific logical structures that 

revolve around hypotheses generation, testing, and inference (Kuhn, Amsel & O’Loughlin, 
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1988; Peterson, 1961).  Making inferences based on findings or evidence, results from 

discovering relationships and patterns regarding the initial hypotheses and the variables 

involved.  

When evaluating the results of an experiment in order to make inferences and draw 

conclusions, scientific writers must review the steps they took to come to those results.  This 

return to experimental activities in a logical sequence is a key to scientific thinking (Peterson, 

1961).  It enables the experimenter to revisit the hypothesis and foundation of the experiment 

and demonstrate its acceptance or rejection based on evidence.  Accepting or rejecting 

hypotheses requires that students write argumentatively by using evidence they have 

collected during experimentation.  Several qualitative research studies show that there is a 

link between argumentative writing and scientific thinking, but that students need to be 

taught the steps involved in forming logical arguments (Kuhn, 1993).  Argumentative writing 

is clearly evident in common scientific writing genres such as the research report, which is 

nothing more than a “careful argument” (Penrose & Katz, 1998).  This statement emphasizes 

the importance of formal scientific writing in science classrooms.    

Based on findings from a study that explores the link between scientific writing 

genres and knowledge production, Keys (1999b) suggests that writing in the scientific genres 

promotes scientific thinking by helping students to explore relationships between evidence 

and knowledge claims.  In doing so, students develop deeper understandings of scientific 

knowledge, because they must use connections and relationships between concepts to support 

their arguments.  Building relationships between concepts is central to scientific 

understanding and requires more than rote memorization.  When a student has to describe 

and explain their findings in a written report, they are engaging higher order thinking skills, 
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typical of scientific thinking (Van Orden, 1985); because they have to actively process their 

ideas in order to write a clear and effective explanation.  This process gives students a sense 

of authority over the material that they are learning.  It changes students from receivers of 

descriptions, predictions, and explanations to producers (Anderson & Roth, 1989).  Scientific 

writing in science classrooms may help discourage students from becoming mere “reservoirs 

of words and definitions” by engaging them in higher order skills (Butler, 1991).  It may shift 

the focus away from teacher-centered activities by giving students more active voices than 

what they would have in classrooms where all higher-order thinking is done by teachers.  

Through formal scientific writing, students learn to analyze, synthesize, and evaluate 

information.  Students are also exercising the process of problem-solving as they write down, 

reflect on, and react to their thoughts and ideas (Kellogg, 1994). 

A comprehensive study by the National Assessment of Educational Progress in 1988 (Butler, 

1991) found that 96.7% of 17 year-olds knew basic scientific principles, but only 41.4% were 

able to analyze data correctly; and only 7.5% of 17 year-olds could synthesize information in 

order to solve problems.  These findings fit in nicely with earlier findings from several 

research studies that report a heavy emphasis on rote memorization in science classrooms 

(NRC, 2000).  Although these issues have been commonly addressed by increasing the 

amount of laboratory activities in scientific curricula, increasing the number of labs students 

participate in is not enough.  Students need the “minds-on” emphasis that scientific writing 

could bring to their lab experiences (Glynn & Muth, 1994).  There is a “minds-on” emphasis 

in writing, because writing allows thoughts from the mind to appear on paper (Butler, 1991).  

Without the opportunity to express their reasoning about science, students may easily revert 

to being passive learners, dependent on teachers to provide the thinking.  
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A “minds-on” approach is essential to the process of science, which is grounded in 

inquiry—the process by which scientific knowledge is produced.  In the National Science 

Education Standards (NRC, 1996), inquiry plays a prominent role.  The standards define 

inquiry as the process of making observations; posing questions; examining the existing 

knowledge base about a topic; collecting, analyzing, interpreting data; and communicating 

the results.  The standards also list scientific or logical thinking as the backbone to the 

process of inquiry.  According to this definition, inquiry encompasses the process of science, 

which is mirrored in scientific writing.  As students learn about the discourse of science, they 

simultaneously learn about the process of inquiry (Keys, 1999b).  For this reason, inquiry-

based learning would probably benefit when paired with scientific writing.  By evaluating 

students’ written descriptions, explanations, and analyses, teachers can assess the extent to 

which students’ minds are actively engaged in the process of inquiry (Layman, 1996).  

One way which the NSES tries to emphasize inquiry learning is by placing a great 

deal of importance on laboratory activities (NRC, 1996).  The standards call for “hands-on” 

activities where students are “doing” science rather than observing it or reading about it.  The 

goal is for students to mimic “real scientists’ work” in their laboratory investigations.  

Included in “real scientists’ work” is the process of scientific writing, which develops as 

students learn to make observations, formulate hypotheses, gather evidence using technology 

and mathematics, use previous findings, propose and test plausible explanations.  All of these 

tasks are included in the process of authentic laboratory practice, which can help students to 

think scientifically, and achieve a “minds-on” approach to science (Roth, 1992, 1993; Roth & 

Roychoudhury, 1993).  Giving students an opportunity to do real hands-on science in the 

laboratory is enhanced when students are given instruction on communicating their results 
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and explanations, because scientific writing is a very important component of doing “real 

science.” Doing experiments by themselves will not guarantee meaningful learning, but 

meaningful learning can occur when students have to reflect on what they are doing (Schon, 

1987).  Scientific writing provides that opportunity for reflection.  

An important component of doing real science is learning to understand the 

experimental data. Research suggests that writing in a traditional scientific genre may help 

students form connections between their data and the scientific concepts that they are 

exploring in class (Keys, 1999b).  Being able to understand the experimental data in ways 

that allow analyses and inferences reflects scientific thinking.  Interpreting experimental data 

and being able to articulate the broader meanings of data are essential components of the 

discourse of science.   Several studies show that students, even at the college level, have 

difficulties interpreting graphs and tying them to science concepts (Bowen, Roth & McGinn, 

1999; McDermott, Rosenquist, & van Zee, 1987; Mokros & Tinker, 1987).  In their study, 

Bowen et al. (1999) found that students would usually apply their teachers’ interpretation of 

the graphs they were shown but not their own.  These studies examine students’ written and 

verbal responses to questions about interpreting data, but do not look at how interpretations 

would change had the students collected and written about their own data.  They also fail to 

look at how student responses would change if they had to integrate graph generation and 

interpretation within the context of a unified piece of scientific writing such as a lab report.  

It is important for students to learn science as a process rather than as disconnected 

concepts and tasks.  Students who learn scientific skills in the right context will probably 

develop deeper understandings of the science topics they are exploring (Roth, 1992).  When 

students learn conceptual and factual knowledge in terms of how they are used in a specific 
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context, it is very likely that they will remember the associations between the process and 

concepts.  As a result, students would learn content and process simultaneously rather than 

independently (Roth, 1993).  This type of process-oriented learning is referred to as 

“authentic practice.”  In its ideal format, it aims to develop students’ research skills such as 

hypothesizing, defining, experimenting, and interpreting data (Roth, 1993).  All of which are 

important aspects of the discourse of science.  Authentic practice stresses knowledge of how 

to do things in a specific field.  In science, this means how to solve problems, how to test 

hypotheses, how to collect and interpret data, and how to communicate concerns, questions, 

and findings to other members of any scientific community  (Penrose & Katz, 1998), 

including the science classroom.  Authentic practice allows students to develop procedural 

knowledge in science, which in turn allows for the development of content knowledge.  For 

example, it provides opportunities for lab settings to become places where students can 

answer their own questions and explore their own ideas rather than just confirm already-

established findings (Volkmann & Eichnger, 1999). When procedural knowledge and content 

knowledge develop together, students are learning the whole of science rather than the 

fragmented, isolated parts.  

 

Writing and Knowledge Construction 

The process individuals use to construct knowledge is intricately linked to writing.  

Writing’s effects on thinking and the development of conceptual knowledge tie in well with 

the basic premise of constructivism.  Particularly, with the basic tenet that knowledge is 

constructed by individuals and cultures (Piaget in Baker & Piburn, 1997); and that learning is 

facilitated when students have the opportunity to link new information to their existing 
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knowledge representations, or schemata (Posner, Strike, Hewson, & Gertzog., 1982).  

Writing is considered a heuristic for learning, a process of discovery, and a way of knowing 

harbored within individual thought (Baker & Piburn, 1997; Durst, 1987; Emig, 1977).  This 

focus on writing to promote learning originated with Vygotsky’s research on language and its 

role in the development of thought (Vygotsky, 1986).  Vygotsky’s research explained 

writing’s function in the construction of knowledge.  He suggested that while speech is 

external and taken from others around us, writing is an internal process that tends to be more 

conscious and deliberate than speech (Vygotsky, 1986).  Writing is a learned behavior, while 

talk is natural, and even irrepressible behavior (Emig, 1977).  By its very nature, writing is an 

analytical process that requires a high level of abstraction (Vygotsky, 1986), and is never just 

a matter of transferring spoken words onto paper (Britton et al., 1975).  

Since writing is a symbolic representation of thought (Emig, 1977) it can serve as a 

record of students’ perspectives and prior knowledge (Prain & Hand, 1996). Britton et al. 

(1975) and Kellogg (1994) suggest that a piece of writing may reveal clues about how 

students’ minds are working, because writing requires careful planning and an on-going 

dialogue with the self.  Writers constantly pause and reflect on what they have written before 

they go on to expand their ideas.  There is a constant recollection and revising that reflects a 

mental struggle to “[get] it right for the topic, for the writer, and for the reader” (Britton et 

al., 1975).  Kellogg (1994) calls writing a thinking tool, because writing about a subject 

reveals what one knows and what one does not know about that particular subject.  It helps 

students link new information to their long-term memory.  It is this connection of prior to 

current ideas that allow students to show their conceptual structures as well as develop them 
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during the writing process (Keys, 1999a).  As students write, they attempt to make meaning 

for themselves and so may end up developing new knowledge in the process.  

The reflective, or “looking-back” nature of writing seems to match the nature of 

conceptual change, and may encourage students to consider alternative understandings 

(Fellows, 1994).   Alternative understandings may be “accommodated” into existing 

schemata by altering these schemata (Posner et al., 1982), and by developing new channels 

of thinking to understand the new information.  Through writing, students can learn concepts 

as part of an organized network of information rather than as a list of facts. (Glynn & 

Muth,1994).   The key here is that students can progress from “knowledge-telling” writing 

operations to ones that are “knowledge-transforming;” and so may go beyond mere 

comprehension to higher order skills, such as analysis, synthesis, and evaluation (Rosaen, 

1989), which are crucial to scientific writing.   

“Knowledge-telling” operations do not foster new learning, because they only require 

retrieval of existing information.  “Knowledge transforming” operations, on the other hand, 

require a complex interaction of prior and new content knowledge in the context of scientific 

genre knowledge (Bereiter and Scardamalia, 1987).  In other words, writers have to make 

sense of new information as they simultaneously find ways of communicating new 

understandings in a context that is appropriate to the discourse community of science.  The 

writing process then becomes a clear reflection of the thought process as students gather, 

formulate, and organize old and new knowledge and find strategies for synthesizing and 

communicating emerging ideas (Connolly & Vilardi, 1989). It is also an active process, since 

the writer is constantly reflecting to understand and interpret phenomena.  
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Klein (1999) describes a model of writing comprised of four processes that can help 

develop individual understanding: (1) spontaneous utterance—expression of thoughts in 

writing leading to a clearer understanding of tacit knowledge; (2) forward search—reviewing 

ideas and making revisions; (3) genre-related—organization, analysis, and identification of 

relationships among ideas; and (4) backward search—addresses rhetorical and conceptual 

goals.  According to Zimmerman and Risenberg (1997), the second step involves planning, 

translating and revising—key components required for successful meaning generation in a 

written format. The third and fourth steps are characteristic of “knowledge-transforming” 

types of writing, since they allow writers to come to their own understandings as they 

organize ideas and formulate arguments based on evidence. These steps involve practices 

common to traditional forms of writing such as establishing relationships, comparisons, and 

trends in the data; supporting arguments with findings; and discussing implications and 

conclusions. Unfortunately, few teachers or even scientists are familiar with the role that 

scientific genres have on “knowledge transformation” (Hand, Prain & Yore, 2001; Yore, 

Hand & Prain, 2002). 

Using writing as a tool for teaching can help students monitor their own learning 

processes (Rosaen, 1989), because there is a metacognitive component to writing (Kellogg, 

1994).  During the writing process, writers must be mentally engaged as they evaluate how 

they are doing and self-reflect on their own progress (Kellogg, 1994). One important role that 

teachers have is to foster reflection through writing (Baker & Piburn, 1997; Tynjälä, 2001) in 

order to help students clarify, organize, and construct new knowledge (Applebee, 1984; 

Langer & Applebee, 1987).  Teachers can promote reflection by using written assignments to 

ask students to elaborate, analyze, and evaluate relationships among concepts rather than just 
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summarize or recall information (Durst, 1987). When students are only asked to write recall 

information rather than create new one, they are not exerting the same level of mental effort 

or active reflection required for more complex writing tasks (Kellogg, 1994).  Higher order 

thinking skills involved in analysis and evaluation will force students to put effort and 

mindfulness into their writing and perhaps facilitate knowledge construction. 

In a study of students in grades 9 and 10, researchers found that “knowledge-

transforming” types of writing have a positive effect on higher order thinking skills (Hand, 

Prain, & Wallace, 2002; Hand, Prain, & Yore, 2001).  Although the findings of this study are 

limited due to the small sample size and inconclusive results, they emphasize the role of 

writing on higher order thinking processes. Even at the grade school level, students who 

complete writing assignments in order to express and compare ideas, reach a better 

conceptual understanding of scientific conceptions than their non-writing counterparts 

(Mason & Boscolo, 2000). Such findings suggest that writing assignments for the purpose of 

reflection and reasoning is important at every school level. 

Scientific writing can serve as a constructivist pedagogical tool for helping students 

develop and build their own conceptual knowledge (Baker & Piburn, 1997).  As students 

engage in higher order processes required for scientific writing and thinking, they may 

realize where their weaknesses are with respect to the conceptual knowledge they are 

applying in their writing.  This may prompt some students to review material, procedures, 

and data in order to try to figure out where the problems are.  Since writing is more 

permanent than talking, it is a very powerful format for allowing active reflection. Rivard and 

Straw (2000) found that although talk is important in science, analytical writing is crucial for 

helping students transform rudimentary scientific conceptions into structured knowledge.  As 
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students review and revise information, they reflect on how their conceptions of science fit in 

with actual experimental findings (Kellogg, 1994). Through this reflective process, scientific 

writing may help students confront discrepant events and make gains towards conceptual 

change.  

 

Conclusion 

 Although more research is needed in this area, returning to the traditional formats of 

writing in the science college classrooms may accomplish several pedagogical tasks at once. 

It may promote scientific literacy by allowing students to communicate science in formats 

typical of scientific communities, and it may help students to develop higher order thinking 

skills such as analysis and synthesis. Based on the research, any form of writing in the 

science classroom is better than none, yet traditional writing either by itself or coupled with 

other forms of writing may enhance conceptual knowledge as grounded in authentic 

scientific written discourse. Despite the benefits of traditional writing in the college science 

classroom, without proper instruction students will continue to misconstrue the purpose of 

the written assignment. It is important that future research studies look at instructional 

development in the area of traditional scientific genres for students and teachers alike. Future 

research needs to specifically evaluate the connections between writing, learning, and writing 

instruction in college science courses, especially at the introductory level.  
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 Introduction 

Writing in science can serve as a powerful pedagogical tool to assist college students 

in discovering, interpreting, and elaborating scientific concepts.  There is a difference 

between writing from memorized knowledge in a reporting style and writing to probe into 

meaning and manipulate understanding.  Studies, which focus on the idea of using writing to 

learn science, have explored how writing can help students understand content instead of just 

report it (Rivard, 1994).  Despite positive findings, these studies also emphasize that writing 

for the purpose of learning is not extensively used in science classrooms.  The lack of interest 

in writing in science comes from a focus on the disadvantages rather than the advantages of 

using writing as a teaching tool.  Views of writing by instructors and students as tedious and 

time consuming overshadow the positive influences that writing can have on learning 

science.  

Negative views about writing in the sciences have pushed writing into a corner where 

it is strictly used for exam responses, brief summaries or descriptions.  Movement away from 

writing in the sciences is especially true when referring to scientific writing in traditional 

scientific genres such as the laboratory report.  Traditional laboratory reports have 

increasingly become replaced by “fill-in-the-blank” and short answer types of reports 

(Brillhart & Debs, 1981; Keys, 1999b; Rivard, 1994).  Such formats fail to introduce students 

to the discourse of science.  Science is learned as facts disconnected from the culture of 

science, and students often leave science courses with little appreciation for how scientific 

knowledge is formed and communicated. 

Science writing that focuses on factual knowledge does not allow students the 

opportunity to delve into their personal understandings of science.  When students are strictly 
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recalling information, they fail to project their own interpretations or explanations of the 

science they are studying (Keys, Hand, Prain, & Collins, 1999).  It is very likely that 

students, who do not understand the scientific concepts they are learning, would have a 

difficult time communicating hypotheses, explanations, and inferences (Brillhart & Debs, 

1981). These students’ lack of understanding would not surface from writing based on recall, 

and instructors would have little opportunity to check for understanding beyond factual 

information. 

Communicating science with clarity and understanding is crucial to science students 

in all disciplines of science (Koprowski, 1997; Rivard, 1994), and is characteristic of 

scientific literate individuals.  Despite this claim, there is a deficiency in students’ abilities to 

communicate science using traditional scientific genres, such as the laboratory report 

(Rosenthal, 1986).  Students’ writing deficiencies stem from students’ unfamiliarity with the 

traditional scientific genres, because these genres are increasingly left out of the science 

curricula (Brillhart & Debs, 1981; Keys et al., 1999).  When writing is included in the 

science classroom, most instructors opt for informal writing assignments.  Informal writing is 

any writing that does not follow the rules of traditional scientific writing genres.  It includes 

anything from a preparatory essay for an exam to creative writing.  While creative or 

informal forms of writing are better than none, they fail to teach students to think about 

science using scientific ways of thinking (Keys, 1999b).  Students need to learn how to 

negotiate scientific understandings and communicate those understandings within the context 

of scientific discourse.  

Seen as a format for reporting knowledge rather than for learning it, traditional 

scientific writing has often been relegated to English composition courses.  The true value of 
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traditional scientific writing as an authentic writing genre grounded in the culture of science 

is misunderstood.  Some see it as a form of writing that fails to help students develop 

organization skills and imagination (Beall, 1998).  Others claim that writing in science 

should extend beyond traditional laboratory reports, because students must learn to develop 

explanations, sort understanding, consider alternatives, and speculate on past scientists’ 

works (Prain & Hand, 1996).  These are all the things that students should learn when they 

write in authentic scientific writing genres, such as lab reports.  If taught properly, writing lab 

reports should give students opportunities to organize, develop, and explain scientific 

notions.  The act of writing the report should help students connect scientific equations, data, 

and book information with observations made during experiments (Herrington, 1997).  It 

gives students opportunities to make connections between their findings and previous work 

in the field (Gratz, 1990; Keys, 1994; Melhado, 1981); and allows them to go from disparate 

thoughts to integrated and clear understanding (Herrington, 1997).  

Introducing students to the lab report as a key player in the process of science, may 

help them see it as an authentic science activity rather than just busy-work.  Proper 

instruction in traditional scientific genres may help students see the value of using these 

genres, and may help them understand how laboratory reports fit into the culture of science.  

The problem is that students are very misguided about the process of laboratory report 

writing.  They receive minimum information about how to write lab reports, and usually no 

information about the purpose of lab reports (Zinsser, 1988).  Instructors also have 

misconceptions about the function of lab reports.  They usually see them as means of 

evaluating students’ success with laboratory protocol and experimentation.  In response to 

these views, students usually write cookbook type reports that summarize laboratory 
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experiments (Gratz, 1990).  Little, if any, original elaboration, interpretation, and 

hypothesizing takes place during the process of writing lab reports. 

If cookbook types of reports have become the accepted norm, it is not surprising that 

researchers and instructors view them in such a negative light.  Reports that do little more 

than summarize cannot be acknowledged as vehicles for learning.  Lab reports become little 

more than busy work for both the students who write them and the instructors who grade 

them.  When the quality of reports is so low, yet the time investment so high, it becomes easy 

to understand why instructors are increasingly abandoning the laboratory report.  Science 

instructors need to realize that it is their responsibility to teach students to think in a scientific 

manner, and that this can be accomplished by teaching students how to write well-structured 

laboratory reports (Gratz, 1990).  Perhaps, students and instructors both can benefit from 

instruction that brings a renewed perspective to the role of the laboratory report in college 

science laboratories.     

 The few existing discussions about helping students to write better lab reports have 

been written by science and technical writing professors, who have come to realize the value 

of this genre in science courses (Gratz, 1990; Brillhart & Debs, 1981; Walker, 1999).  These 

discussions suggest that science instructors need to set higher standards for their students’ lab 

reports.  One way to do this is for instructors to stop accepting poor work (Burkett & Dunkle, 

1983).  Another way is for instructors to expand the amount of instruction about lab report 

writing that they provide their students.  Several college science professors write about ways 

to teach students how to use the research report or research article as a model for writing 

laboratory reports (Gubanich, 1977; Fedler & Gregory, 1988; Andrews, 1975; Melhado, 

1981; Gratz, 1990; Brillhart & Debs, 1981; Walker, 1999).  Although brief, these “guides” 
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discuss common problems that students encounter while writing laboratory reports.  

Problems include poor organization, poor synthesis of information, grammar and spelling, 

and general issues with specific sections of the lab report (Andrews, 1975; Brillhart & Debs, 

1981; Burkett & Dunkle, 1983; Gubanich, 1977; Switzer, 1978).  Although some of these 

“guides” are written for both instructors and students (Fedler & Gregory, 1988, Walker, 

1991), most are written as advice for instructors, or as examples of what some professors are 

implementing in their own science classrooms.  Whether effective or not, these “guides” 

acknowledge that poor scientific writing by science college students is an issue that needs to 

be addressed.  

 Poor scientific writing by college science students may reflect not only lack of 

instruction, but also lack of awareness by instructors.  It is either a lack of awareness or a 

reluctance to address the problem; and not wanting to address the problem may really mean 

not knowing how.  Communication skills, especially written communication skills, require 

complex and unique conceptual activities that students may not be familiar with (Odell, 

1980).  This makes teaching written communication skills a very demanding job, especially 

when trying to teach them within a specific genre such as the scientific laboratory report.  It 

is no wonder that science professors either refer their students to writing centers, writing 

manuals, or avoid the issue altogether.  Science instructors only know how to do what they 

were taught to do.  In most cases, this means minimal instruction in the area of written 

scientific communication.  Some educational researchers suggest that teachers need to 

receive in-depth guidance about how to teach written communication skills in science 

(Gaskins & Guthrie, 1994; Glynn & Muth, 1994).  Teachers need specific teaching strategies 

to teach students about scientific genres such as the lab report.  With proper training, teachers 
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can help students avoid writing cookbook lab reports (Glynn & Muth, 1994).  These studies 

address the need for teacher training in scientific writing at the K-12 level, but additional 

studies need to address this issue at the college level as well.  

 With proper training, science instructors may become willing to acknowledge 

scientific writing in their science courses as a valid tool for teaching.  Proper training would 

include help with grading issues.  Balancing grading with all other teaching responsibilities is 

a huge concern when considering written assignments in science curricula (Brillhart & Debs, 

1981; Madigan, 1987; Rosenthal, 1987).  Teachers feel that grading written assignments is 

very burdensome, especially giving written feedback.  One suggestion to ease this problem is 

to grade selectively, and not read everything the student writes (Brillhart & Debs, 1981; 

Madigan, 1987).  Minimizing the amount of comments on a paper also decreases grading 

time.  Many students either do not understand teachers’ written comments or do not read 

them at all (Madigan, 1987).  There is no doubt that grading lab reports will increase 

instructors’ work load outside of class, but the process can be made easier if instructors are 

taught a specific grading process.  Also, as students become better writers, the amount of 

time spent correcting papers decreases significantly (Brillhart & Debs, 1981).  

 As science instructors become more knowledgeable about how to teach scientific 

communication skills as well as about the benefits of including writing in their science 

courses, their perspectives about scientific writing may become positive. If their approach to 

scientific writing is positive, students are also more likely to see it positively.  If science 

instructors teach lab report writing as a process that allows them to explore and develop their 

scientific understandings, students may be able so see it as more than just busy-work.  With 

proper instruction, both instructors and students will learn to see the lab report as more than 
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just a summary of factual information.  They may learn to see lab reports as tools for 

organizing and clarifying what they are learning in their scientific investigations (Butler, 

1991; Collins, 1999; Keys, et al., 1999).  

 When analyzed piece by piece, the sections of a lab report emerge as having very 

specific roles in the process of scientific inquiry.   If students are taught to see this, they may 

become more aware about the process of inquiry and its use to generate scientific knowledge 

(Kirscht, Levine, & Reiff, 1994).  This would be an important accomplishment, since most 

college students have poor or misguided conceptions about the ways in which scientists 

formulate and communicate their claims (Edmondson & Novak, 1993).  The lab report could 

give students an opportunity to engage in authentic discourse practices, because its elements 

mirror those of the scientific reports written by scientists.  One important component, 

common to both lab reports and research reports, is representing and interpreting data.  Some 

research studies show that the process of writing lab reports may help secondary school 

science students make connections between their findings and the science they are learning.  

Lab reports also seem to help these students reflect, synthesize, and even generate new ideas 

(Keys et al.,1999; Keys, 2000).  These findings are important and are worth considering for 

research studies that look at similar issues in college science classrooms.  

 In order to validate the lab report as an important part of the science college teaching, 

science courses have to trade in their fill-in-the-blank laboratory manuals for resources that 

teach science as a discipline with its own discourse community.  These resources need to 

include step-by-step instruction in the process of lab report writing.  Science laboratories 

need to move away from places that reinforce lecture materials, to places that allow real 

learning to take place.  The ideal lab would be a place that allows students to develop their 
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own investigations from beginning to end (Shiland, 1999); but in cases when this is not 

feasible, students should at least experience labs where they can collect authentic data and 

form their own conclusions.  Similarly, the lab report should serve as a medium for students 

to learn the process of science and not just to report observations or results.   

 

Rationale for the Study 

 The way a lab report is structured mirrors the scientific process, and helps students to 

relive the lab experience, organize concepts, and develop ideas as they go along.  Even in 

labs where students are just mimicking the scientific process, lab reports provide students 

opportunities for reflection.  As part of the reflection process, students revisit their lab 

experiences in order to bring structure to their thinking.  Instead of just doing labs and 

forgetting about them, lab reports promote a deeper understanding of the lab simply because 

students have to review the material in order to write something that makes sense.  It is this 

reflective process which makes writing laboratory reports such an integral part of learning.  

Putting thoughts and ideas into written format requires an understanding of content that 

eludes students who complete laboratory activities and never have to write about them.  Lab 

reports give students an opportunity to interpret data and integrate graphical and verbal 

representations of data.  They also get an opportunity to make inferences based on the data 

and connect those inferences with their original hypotheses as well as with the learning 

concepts of the lab investigation. 

Not only is the lab report an important tool for enhancing the laboratory experience, it 

also helps students build general scientific writing and communication skills.  Writing and 

communication skills are important in any field of study, and an important reason why 
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opportunities for writing in the classroom should not be taken for granted.  Since lab reports 

closely follow the scientific process, they help students sharpen communication skills as well 

as writing skills in an authentic scientific genre, very similar to the research reports used by 

scientists.  Interpreting and communicating findings, an integral part of the scientific method 

as well as an important part of lab report writing, allows students the opportunity to express 

their thoughts and ideas as embedded in their scientific understanding. 

Most instructors do not promote the lab report as a valuable tool in their classrooms, 

because students usually write reports that summarize instead of probe into deeper meaning.   

Like instructors, students fail to see the value in writing lab reports mostly because they are 

unfamiliar with the role of the lab report as an important scientific writing genre.  Students 

and instructors would benefit from a writing tutorial that explains the role and function of 

each part of the lab report.  Students would also benefit from direct instruction in preparing, 

organizing, and structuring scientific laboratory information into a proper lab report format.  

If students receive enough guidance throughout the entire process of writing lab reports, they 

may begin to see lab reports as beneficial learning tools.  Even if the writing tutorial does not 

get students to the point where they enjoy lab report writing, at least it may help them realize 

that writing lab reports is valuable and not just busywork. 

The idea that traditional scientific writing may prompt learning and understanding in 

science certainly merits further exploration, especially at the college level.  Although, 

historically, a significant amount of the writing done in science college courses is in the form 

of laboratory reports, there are no formal research studies that analyze the quality of 

laboratory reports in college-level science, or the role that lab reports play in students’ 

learning of science.  Research studies looking at writing in science mainly focus on informal 
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writing, and are often inconclusive (Rivard, 1994). There is a need for research studies that 

look at the value of in-depth instruction for developing good quality lab report writing.  

Research in this area may uncover some insights about how good quality lab report writing 

may help teach college students how to structure and develop scientific ways of thinking. 

This has important implications for all college students, but most significantly for science 

majors, who need to be familiar with the discourse of science.     

In response to these issues, an extensive web-based writing guide called LabWrite 

was developed for aiding students with their lab reports (LabWrite, 2000). 

LabWrite helps students understand the purpose and process of writing lab reports by guiding 

them through writing assignments before, during, and after lab experiments.  

LabWrite provides students extensive instruction in lab report writing for use on-line, in 

print, at home, and in the classroom.  By using examples, graphing tutorials, and step-by-step 

guides, LabWrite offers college students an opportunity to use the laboratory report as a way 

to enhance scientific literacy.  LabWrite also provides a teaching guide to help laboratory 

instructors teach students how to write laboratory reports (LabWrite for instructors, 2000).  

The LabWrite site for instructors is formatted similarly to the LabWrite for students, and 

provides handouts, overheads, and teaching strategies.  The teacher’s guide also offers an 

evaluation rubric, which establishes specific criteria on how to grade laboratory reports.  In 

trying to fill a huge gap in the availability of grading criteria for science lab report writing, 

this evaluation rubric is designed to determine the overall writing quality of lab reports, 

including students’ grasp of the learning context for a particular laboratory experiment. 

The proposed study attempts to analyze whether or not in-depth instruction, such as 

LabWrite, can significantly improve the quality of lab reports written by college science 
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students.  The study looks at overall students’ understanding of laboratory investigations, as 

reflected by their laboratory reports.  It also looks for key characteristics in students’ 

laboratory reports that show evidence of scientific ways of thinking. This study is also 

interested in students’ attitudes and perspectives about lab reports as a result of in-depth 

instruction in this specialized genre. Students’ ideas, thoughts, and feelings about lab reports 

may give instructors and researchers some insight about the role of the lab report in the 

college science laboratory.  The underlying premise for this study is that in-depth instruction 

in traditional scientific writing, such as the lab report, may help students learn to 

communicate scientifically in a way that reflects scientific literacy.  For the purpose of this 

study, scientific literacy means being able to use scientific language within a traditional 

scientific genre in a way that shows familiarity with main concepts, clear organization of 

information, and coherent interpretations.   

 

 

Research Questions 

 Although all college science students should learn how to communicate scientifically, 

science majors have a specific need to learn how to communicate using authentic traditional 

scientific writing genres.  This study is particularly interested in how implementing a 

specialized, in-depth guide, such as LabWrite, will affect the quality of laboratory reports 

written by college science majors.  This study is also interested in examining students’ 

attitudes toward science and their attitudes toward writing laboratory reports.  Finally, this 

study examines student perceptions about laboratory reports, their function and usefulness.    
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The specific research questions are: 

1. Does an in-depth writing guide, LabWrite, help improve students’ overall understanding 

of the laboratory investigations for which they are writing laboratory reports?   

2. Does an in-depth writing guide, LabWrite, help improve students’ ability to express key 

elements of scientific thinking in their laboratory reports?  

3. What are students’ attitudes toward laboratory reports as a result of in-depth instruction 

in laboratory writing?   

4. How do students perceive laboratory reports in general, their value for learning and 

general purposes?  
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 Review of the Literature 

Writing to Learn 

Writing as a method for learning became popular during the 1970’s as a result of 

research work from the United Kingdom (Britton, Burgess, Martin, McLeod, & Rosen, 

1975), and was quickly adopted by the United States.  It was soon integrated into a 

movement known as Writing Across the Curriculum (WAC).  Implemented by numerous 

universities, colleges, and high schools in the 1970’s and 1980’s, WAC’s goal was to use 

writing as a means for teaching course content in all the disciplines while improving general 

writing skills (Kirscht, Levine, & Reiff, 1994; Madigan, 1987).  Initially, it focused on 

formal types of writing that were seen as part of the scientific, social scientific, and literary 

“communities of discourse” (Connally & Vilardi, 1989).  As WAC evolved, it moved away 

from these formal types of writing and embraced a new movement known as “writing-to-

learn” (WTL), which emphasizes informal types of writing as a means for learning content 

knowledge (Keys, 1999a). WAC programs began to spend less time on writing in the 

traditional genres in favor of frequent, typically short and ungraded informal writing 

assignments, such as journal entries, response statements, dialogs, and letters (Ackerman, 

1993).  

As the writing movement shifted its focus towards more informal types of writing, a 

dichotomy emerged with one side favoring the traditional or “modernist” approach to writing 

and another favoring the more informal, “post-modernist” approach (Prain & Hand, 1996).  

Those on the traditional side emphasize the importance of writing within the context of 

discourse communities.  Researchers, such as Holliday, Yore, and Alvermann  (1994) believe 

that learners need to integrate the processes of communication in a discipline with the content 
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knowledge, because writing to communicate in the disciplines is not separate from learning.   

Such researchers promote transactional forms of writing that are expository and persuasive, 

and include reporting, summarizing, analyzing, and hypothesizing (Newell, 1998).  Despite 

these claims, little attention is given to this type of writing as a tool for learning (Keys, 

1999a).  Most of the WTL research is dominated by those on the other side of the argument, 

who see writing as a less limiting form.  They advocate a form of writing that allows learners 

to understand content knowledge through the broad use of expressive and poetic language 

(Prain & Hand, 1996) with little or no connection to discourse communities.  Expressive 

writing is personal writing such as journals and informal assignments that involve the 

writer’s voice and feelings.  Poetic writing uses literary conventions such as poetry, fiction, 

and drama (Newell, 1998). 

Whether “formal” or “informal,” the act of writing is a powerful process for 

rethinking and coming to terms with what we know and don’t know (Applebee, 1984; 

Langer, 1986; Prain & Hand, 1999; Santa & Havens, 1991).  It is a way to gain an awareness 

of knowledge that perhaps would not surface through rote memorization.  Researchers see 

writing as a tool for manipulating material.  The more a learner manipulates material, the 

more he or she explores ideas and assumptions (Applebee, 1984; Newell, 1998; Rivard, 

1994).  Even the most basic types of writing activities such as short answer responses seem 

to improve students’ abilities to remember and understand material as compared with 

“covert” (mental) responses (Applebee, 1984).  Although some content manipulation is better 

than none, the amount of manipulation a writing task demands may be directly proportional 

to the extent of understanding.  For example, Newell (Rivard, 1994) found that students who 

write essays tend to learn more than those completing fill-in-the-blank assignments. 
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Writing prolongs the time a student spends with the material, and is more demanding 

than reading (Langer & Applebee, 1986).  Writing is an active task, which requires students 

to revisit, reconsider, and reevaluate the content material (Emig, 1977).   It allows for the 

organization of thought and the creation of new meaning (Applebee, 1984; Prain & Hand, 

1996).  Writing reflects thinking—“it glues thinking to paper” and becomes a “public record 

of thinking” (Holliday, Yore & Alvermann, 1994).  Writing helps learners make sense of 

their ideas by giving them a medium to shape their ideas with words (Britton et al., 1975; 

Newell, 1998). 

Howard (1986) and Horton, Frank, & Walton (1985) define writing as a “symbolic 

activity of meaning-making”—a tool for understanding as well as for communicating.  When 

students try to communicate their ideas, whether “formally” or “informally,” they express 

their own views of the world.  It is an action that calls upon previously learned knowledge 

and clarifies the ties between new and old content knowledge (Glynn & Muth, 1994).  

According to Ackerman (1993), there is a general consensus among researchers that writing 

serves to foster a deeper conceptual understanding that can be contrasted with rote, factual 

learning.  When students are given writing assignments that require them to infer and 

interpret, they engage in a process of discovery or problem-solving (Flower & Hayes, 1981; 

Holliday et al. 1994; Newell, 1998; Ackerman, 1993).  These higher-order thinking skills 

favor students’ understanding of science through writing (Britton et al., 1975).  It transforms 

the roles of students from recipients of knowledge to constructors of knowledge. 

Since there seems to be a clear connection between writing and reasoning, it is 

important that teachers use writing as a tool for teaching.  Madigan (1987) found that through 

their writing, students could reflect on course content and reinforce important concepts.  
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Since writing offers opportunities for planning, reviewing, and revising; it is a process, not 

just a product, that can enhance learning rather than just test it.  Teachers who use writing as 

a means of promoting learning need to abandon writing formats that restrict students to report 

on knowledge rather than create it (Applebee, 1984; Rivard 1994).  Reporting knowledge, 

although a fairly simple task as compared to creating or expanding ideas, is rote and passive 

learning.  Marshall (1984) observed that students tend to disregard writing when the product 

is emphasized over the process.  It seems to take away from the task’s authenticity, and 

undermine its importance and creative appeal. 

The use of writing for evaluative purposes is most common in the sciences, where 

writing, if any, is typically limited to brief exam responses.  Writing is rarely used for 

expanding understanding of scientific topics.  Historically, students have seen science 

courses as places where they can take refuge from in-depth or extensive writing assignments.  

In 1996, the National Assessment of Educational Progress reported that 41% of all grade 11 

participants had never written a formal lab report, and 52% had never written a report of any 

kind (Rivard, 1994).  Despite the WAC’s efforts to bring writing to all the disciplines, 

research shows that science teachers place little emphasis in writing.  Despite the small 

emphasis on writing, studies of science classrooms across all grade levels, where writing has 

been included in the curricula, report some gains in student performance (Rivard, 1994).  

In an effort to improve students’ understanding of course content, Horton et al. 

(1985), assigned written summaries of lecture materials in a college general chemistry 

course.  The professor graded the assignments and allowed students to ask questions and 

discuss problems.  In a pretest-posttest, controlled study, he found that students who 

completed the summaries (n=68) scored significantly higher in the posttest than students who 
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only listened to lecture material.  Results of student surveys indicate that 82% of all students 

in the treatment group thought that the written assignments had increased their understanding 

of course material, and 73% thought that it should continue to be a course requirement.  It is 

difficult to decide whether the treatment group’s improvement in exam scores was solely due 

to the writing assignments or if it was associated with the increase of student-instructor 

communication as a result of the written assignments.  Horton et al. (1985) based their study 

on an earlier study by Steiner (1982), that required students in an organic chemistry class to 

submit written summaries of class lectures.  This study reports no statistical analyses, but 

shows that the class average increased by 15 points when students had to complete the 

summaries.  Again, it is not clear if the written assignments should receive full credit for 

improving the students’ overall class grades. 

Such inconclusive results are common in WTL research.  In a preliminary study 

Ambron (1987) looked at the influence of writing assignments on student learning in a 

college cell biology class.  She assigned journal writing and “microthemes”, short essays 

written on index cards, as a means to enhance students’ critical thinking skills, content 

understanding, and performance on laboratory reports.  Ambron found that while the 

students’ use of scientific terminology was accurate and thinking seemed clear, the writing 

assignments did not help students improve their writing in essays or lab reports.  In their 

comments, students mentioned the value of writing in order to clarify their thinking and 

understand biology; but further study is needed to determine exactly how these writing 

assignments help students. 

Similarly, in their study of an entry-level chemistry course for majors, Thall and Bays 

(1989) tried to help students think clearly about course material before taking their exams by 
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giving them practice writing assignments.  They comment on these students’ improvement in 

written skills as compared to students in previous classes, but fail to adequately document 

findings.  The only data the researchers report are brief samples of students’ writing, and 

comments about students’ writing problems such as redundancy and lack of variety.  There is 

no mention of content learning of any kind.   

Claims about improved thinking and understanding mark the WTL research, yet few 

studies analyze the reasons for such improvements when writing is added to classroom 

assignments.  Madigan (1987) tries to explore this issue by examining written passages of 

three students, a biology high school student and two college students, one in chemistry and 

one in computer programming.  Analyses of these students’ “informal” written responses to 

science and computer problems show that students are hypothesizing and reasoning on paper 

in order to come to understandings for themselves.  According to Madigan, students are 

simultaneously generating and evaluating ideas by using a “private vocabulary” to reflect 

their thinking on paper.   Although unstructured and grammatically flawed, Madigan argues 

that these “informal” written responses improve understanding beyond what fill-in-the-blank 

or formal tests can allow.  Despite these claims, Madigan offers no concrete evidence about 

the benefits of “informal” writing assignments on student learning.    

In a study to see if conceptual change in science can be measured by writing, Fellows 

(1994) analyzed 25 middle school students’ writing over a twelve-week period.  The 

objective was to observe how instructors might use writing to gauge thinking. Data came 

from students’ written responses to short-answer questions and interviews before and after 

instruction.  The researchers composed concept maps based on the students’ written 

responses in order to trace their line of thinking.  Although Fellows does not claim that 
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writing alone should be used as a way of assessing students’ thinking, she did find evidence 

that writing serves as a “window into students’ thinking.”  Writing also seemed to encourage 

students to share their conceptions about scientific topics with other students, and explore 

their new ideas in a new form. 

Other researchers explore the notion of tuning students’ minds to science through 

more formal types of writing.  Liss and Hanson (1993) advocate “minds-on” learning as a 

good alternative to memorization.  In their study, they looked at the effects of five written 

research projects on college anatomy and physiology students.  Although they did not 

complete any statistical analyses, they collected comments from students.  Overall, students 

found that the assignments were “difficult” and “anxiety-provoking,” but “highly valuable” 

in understanding the subject matter.  Kirkpatrick and Pittendrigh (1984) found similar results 

when they implemented essay writing in their course to improve students’ understanding of 

college physics.  In their study, 38 out of 43 students reported that the essay writing had 

helped them understand physics.  Student comments suggest that writing the essays had 

helped them think about the material and not just memorize it.  Student exam grades also 

increased significantly as compared to previous classes where writing had not been required. 

It is difficult to determine what a student means when he or she reports 

“understanding” of a topic as a result of written assignments.   In a three-year study of 

students’ perceptions about learning science through writing, Prain and Hand (1999) take a 

closer look at this issue than do previous studies.  Eleven classes (grades 7-12) participated in 

their study, which required teachers to assign a variety of writing tasks that included 

brochures, creative stories, poetry, songs, letters to newspapers, and PowerPoint 

presentations.  Students and teachers were taught five dimensions associated with writing: 
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purpose, type, audience, method of text production, and topic (Prain & Hand, 1996).  

Students’ comments during interviews (n=62) show that 84.9% of students had positive 

experiences with the writing tasks.  Positive attitudes seem to be related to a “sense of 

ownership and control over learning.”  More than half of the students expressed a preference 

for “active” writing tasks, because they are more “interesting than just writing out stuff from 

the board.”  Overall, students reported that diversified writing tasks had enhanced their 

learning of science content, because they had to “really think about it” and put it into their 

own words.  

Although a study such as Prain & Hand’s suggests that students’ are able to perceive 

benefits associated with writing in science, it ignores the cultural aspects of learning.  

Writing in itself may not produce learning, because like any other classroom task, writing to 

learn is situated in a social context. The way a teacher supports and values writing 

assignments in his or her classroom could be an important determinant of how students 

perceive writing.  As soon as a teacher integrates a new activity, such as writing, into the 

curriculum, his or her ideologies may shift and influence the classroom interactions that 

support learning (Ackerman, 1993; Newell, 1998).  

The amount of instruction that students receive prior to completing a writing 

assignment is also an important determinant of students’ success in writing to learn 

(Simpson, 1986).  Beall (1991) found that students’ perception of writing in a chemistry class 

improved when the instructor carefully explained the purpose of the writing assignment.  In 

Prain & Hand’s study (1996), both students and teachers were taught to follow a specific 

process, making the demands of the writing tasks clear to everyone.  When students know 

about the demands of the writing assignments, and teachers know how to select assignments 
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based on learning outcomes, learning from writing is more successful (Prain & Hand, 1996).  

Since not all writing tasks produce the same results, it is crucial for teachers to match writing 

activities to learning outcomes (Langer, 1986, Newell, 1998, Penrose & Katz, 1998).  The 

learning outcomes of writing assignments vary because the conceptual demands of writing 

tasks (Applebee, 1984; Odell, 1980) affect the level and type of learning a student achieves.  

For example, an essay may require a different level of cognitive processing than simple note-

taking.   

The way students handle information during a writing task depends on the type of 

writing they are producing.  Studies show that essay writing results in more elaborating, 

interpreting, and hypothesizing than recall tasks such as answering questions (Rivard, 1994).   

Newell (1998) argues that during essay writing, students must manipulate content material 

until they find ways to support their points-of-views.   Similarly, Langer and Applebee 

(1987) found that students engage in more complex thought processes when answering essay 

questions than when answering study questions.  Durst (1987) compared analytical essay 

writing to summary writing, and found that analytic writers used a higher-level of planning 

than did summary writers.  Analytic writers also questioned and evaluated the content they 

were writing about.  These findings fit in nicely with Bereiter and Scardamalia’s (1987) 

models of writing:  “knowledge-telling” and “knowledge transforming.”   According to these 

models, “knowledge-telling” forms of writing such as answering questions rely on recall and 

do not develop analytical skills, while “knowledge-transforming” modes of writing such as 

essays encourage higher order skills such as analysis of problems, solutions, and application 

of content knowledge.   
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 The types of writing that fit into the “knowledge-transforming” model are a source of 

controversy for researchers in the WTL movement.  Since the WTL movement emphasizes 

expressive writing over transactional writing, some researchers (Conally & Vilardi, 1989) 

argue that transactional writing is only useful in displaying a student’s mastery over content 

material.  If students are to make connections in their thinking, they must do it through 

expressive writing.  Other researchers disagree with this view (Christie, 1985; Holliday et al., 

1994, Halliday & Martin, 1993; Keys, 1999a).   They see transactional writing, which in 

science includes lab reports, term papers, and lab notebooks (Beall, 1998), as an important 

component of teaching the discourse of science.   

Keys (1999a) argues that content knowledge in science must be taught in parallel 

with the specific genres of communication in science.  Halliday and Martin (1993) argue that 

scientific genres must be taught so that “all children might have access to the discursive 

power of scientific texts.”  Although there is a lot of research about the role of expressive 

writing in learning, there is very little research that exists about transactional writing.  Putting 

an emphasis on expressive writing, while ignoring teaching of scientific genres, weakens 

some students’ abilities for learning to read and write scientific texts (Rivard, 1994).   While 

expressive writing has an important role in WTL, it should not be the single form of writing 

taught in science classrooms.  

 

Scientific Literacy and the Discourse of Science 

Science students need to learn about the discourse of science in order to be able to 

communicate scientifically.  Expressive writing may give students the opportunity to put 

science into their own words, but it fails to give them the opportunity to practice the genres 
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of science which scientists use to communicate their findings and discoveries.  Science is a 

culture of its own, with a specific language and system for conveying and transmitting 

information.  Students need to be submerged into this culture of science so that they can 

think, talk, and write scientifically (Glynn and Muth, 1994; Penrose & Katz, 1998; Roth, 

1993).   Effective communication in science requires that students become familiar with and 

learn to use scientific language in ways that reflect the scientific process.   

By learning what is scientific language, how and when to use it, students begin to 

understand the nature of scientific terminology and methodology.  Understanding the nature 

of the language used in a specific field like science allows a writer to write clearly and 

precisely.  In science, writing is expository, which means that it serves to formulate, explain, 

and interpret (Peterson, 1961).  This includes building hypotheses, making inferences, and 

deriving meaning from observations and findings.  These practices are essential to the 

process of science and are commonly expressed in scientific genres such as the research 

report, which is considered the most common form of written communication used by 

scientists (Penrose & Katz, 1998).  Teaching students the characteristics of the research 

report—their uses and roles—may help them understand how the scientific community 

conveys findings, concepts, and procedures. 

In an effort to explore the importance of instruction of science as a culture with its 

own specific practices, Kelly and Chen (1999) examined oral and written discourse processes 

in a high school physics class. They found that students’ verbal and written responses 

reflected a need for instruction relating to the practices of the scientific community.  Kelly 

and Chen note that students need to learn what counts as a hypothesis, a theory, an argument, 

if they are to communicate successfully in science.  Kelly and Chen also observed that while 
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teachers may be very experienced with the discourse of science, they do not include 

instruction about the social practices of science in their lessons.  This lack of instruction 

leaves students at a loss, especially during report writing or any scientifically authentic 

activity that is deeply rooted in the cultural practices of science.  

Students need to receive specific instruction and guidance as they learn to 

communicate their ideas in scientific genres.  Learning how to communicate science in a 

writing class is very different from learning scientific genres together with scientific concepts 

and procedures used in a science class.  Usually, students do not connect what they learn in a 

writing class with the writing they do in a science class (Madigan, 1987).  This is probably 

because the culture of science has a specific way of creating meaning about the things around 

us.  It is an entire system of concepts, evaluations, and representations of the natural world 

that is different from other disciplines’ representations of the world.  Teaching for the 

understanding of the culture of science may increase students’ overall appreciation of 

scientific practices and help them to achieve scientific literacy.  

Although scientific literacy has been defined in many ways, the ability to 

communicate scientifically is central to scientific literacy.   A scientific literate person should 

be able to communicate scientific conceptions and make scientific arguments in both written 

and verbal formats (Holliday et al., 1994).  According to the American Association for the 

Advancement of Science (AAAS), Benchmarks for Scientific Literacy  (1994), and Project 

2061: Science for All Americans (1989), effective scientific communication skills are 

defining characteristics of the scientific literate individual.  The AAAS considers good 

communication “a two-way street” where the scientific literate individual can receive and 

understand scientific information as well as express his own scientific understanding in an 
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intelligible form.   Good communication includes familiarity with main concepts in science, 

so that students may explain them using examples and persuasive arguments (AAAS, 1989).  

It also includes good organization of information, clear interpretations, and clear depictions 

of relationships. 

By developing the skills to communicate in ways that are appropriate to the science 

community, individuals develop specific ways of thinking.  As individuals attempt to pose 

well-structured arguments and reason through problems, scientific “habits of mind,” as the 

National Science Education Standards (NRC, 1996) refers to them, begin to form.  These 

scientific “habits of mind” or scientific thinking patterns include higher order thinking skills-

-logical reasoning and problem solving.  Scientific thinking relates to expository scientific 

writing, because such writing depends on very specific logical structures that revolve around 

hypotheses generation, testing, and inference (Kuhn, Amsel, O’Loughlin, 1988; Peterson, 

1961).  Making inferences based on findings or evidence, results from discovering 

relationships and patterns regarding the initial hypotheses and the variables involved.  

When evaluating the results of an experiment in order to make inferences and draw 

conclusions, scientific writers must review the steps they took to come to those results.  This 

return to experimental activities in a logical sequence is a key to scientific thinking (Peterson, 

1961).  It enables the experimenter to revisit the hypothesis and foundation of the experiment 

and demonstrate its acceptance or rejection based on evidence.  Accepting or rejecting 

hypotheses requires that students write argumentatively by using evidence they have 

collected during experimentation.  Several qualitative research studies show that there is a 

link between argumentative writing and scientific thinking, but that students need to be 

taught the steps involved in forming logical arguments (Kuhn, 1993).  Argumentative writing 
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is clearly evident in common scientific writing genres such as the research report, which is 

nothing more than a “careful argument” (Penrose & Katz, 1998).  This statement emphasizes 

the importance of formal scientific writing in science classrooms.    

Based on findings from a study that explores the link between scientific writing 

genres and knowledge production, Keys (1999b) suggests that writing in the scientific genres 

promotes scientific thinking by helping students to explore relationships between evidence 

and knowledge claims.  In doing so, students develop deeper understandings of scientific 

knowledge, because they must use connections and relationships between concepts to support 

their arguments.  Building relationships between concepts is central to scientific 

understanding and requires more than rote memorization.  When a student has to describe 

and explain their findings in a written report, they are engaging higher order thinking skills, 

typical of scientific thinking (Van Orden, 1985); because they have to actively process their 

ideas in order to write a clear and effective explanation.  This process gives students a sense 

of authority over the material that they are learning.  It changes students from receivers of 

descriptions, predictions, and explanations to producers (Anderson & Roth, 1989).  Scientific 

writing in science classrooms may help discourage students from becoming mere “reservoirs 

of words and definitions” by engaging them in higher order skills (Butler, 1991).  It may shift 

the focus away from teacher-centered activities by giving students more active voices than 

what they would have in classrooms where all higher-order thinking is done by teachers.  

Through formal scientific writing, students learn to analyze, synthesize, and evaluate 

information.  Students are also exercising the process of problem-solving as they write down, 

reflect on, and react to their thoughts and ideas (Kellogg, 1994). 
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A comprehensive study by the National Assessment of Educational Progress in 1988 (Butler, 

1991) found that 96.7% of 17 year-olds knew basic scientific principles, but only 41.4% were 

able to analyze data correctly; and only 7.5% of 17 year-olds could synthesize information in 

order to solve problems.  These findings fit in nicely with earlier findings from several 

research studies that report a heavy emphasis on rote memorization in science classrooms 

(NRC, 2000).  Although these issues have been commonly addressed by increasing the 

amount of laboratory activities in scientific curricula, increasing the number of labs students 

participate in is not enough.  Students need the “minds-on” emphasis that scientific writing 

could bring to their lab experiences (Glynn & Muth, 1994).  There is a “minds-on” emphasis 

in writing, because writing allows thoughts from the invisible mind to appear on paper 

(Butler, 1991).  Without the opportunity to express their reasoning about science, students 

may easily become passive learners, dependent on teachers to provide the thinking.  

A “minds-on” approach is essential to the process of science, which is grounded in 

inquiry—the process by which scientific knowledge is produced.  In the National Science 

Education Standards (NRC, 1996), inquiry plays a prominent role.  The standards define 

inquiry as the process of making observations; posing questions; examining the existing 

knowledge base about a topic; collecting, analyzing, interpreting data; and communicating 

the results.  The standards also list scientific or logical thinking as the backbone to the 

process of inquiry.  According to this definition, inquiry encompasses the process of science, 

which is mirrored in scientific writing.  As students learn about the discourse of science, they 

simultaneously learn about the process of inquiry (Keys, 1999b).  For this reason, inquiry-

based learning would probably benefit when paired with scientific writing.  By evaluating 
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students’ written descriptions, explanations, and analyses, teachers can assess the extent to 

which students’ minds are actively engaged in the process of inquiry (Layman, 1996).  

One way which the NSES tries to emphasize inquiry learning is by placing a great 

deal of importance on laboratory activities (NRC, 1996).  The standards call for “hands-on” 

activities where students are “doing” science rather than observing it or reading about it.  The 

goal is for students to mimic “real scientists’ work” in their laboratory investigations.  

Included in “real scientists’ work” is the process of scientific writing, which develops as 

students learn to make observations, formulate hypotheses, gather evidence using technology 

and mathematics, use previous findings, propose and test plausible explanations.  All of these 

tasks are included in the process of authentic laboratory practice, which can help students to 

think scientifically, and achieve a “minds-on” approach to science (Roth, 1992, 1993; Roth & 

Roychoudhury, 1993).  Giving students an opportunity to do real hands-on science in the 

laboratory is enhanced when students are given instruction on communicating their results 

and explanations, because scientific writing is a very important component of doing “real 

science.” Doing experiments by themselves will not guarantee meaningful learning, but 

meaningful learning can occur when students have to reflect on what they are doing (Schon, 

1987).  Scientific writing provides that opportunity for reflection.  

An important component of doing real science is learning to understand the 

experimental data. Research suggests that writing in a traditional scientific genre may help 

students form connections between their data and the scientific concepts that they are 

exploring in class (Keys, 1999b).  Being able to understand the experimental data in ways 

that allow analyses and inferences reflects scientific thinking.  Interpreting experimental data 

and being able to articulate the broader meanings of data are essential components of the 
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discourse of science.   Several studies show that students, even at the college level, have 

difficulties interpreting graphs and tying them to science concepts (Bowen et al., 1999; 

McDermott, Rosenquist, & van Zee., 1987; Mokros & Tinker, 1987).  In their study, Bowen 

et al. (1999) found that students would usually apply their teachers’ interpretation of the 

graphs they were shown but not their own.  These studies examine students’ written and 

verbal responses to questions about interpreting data, but do not look at how interpretations 

would change had the students collected and written about their own data.  They also fails to 

look at how student responses would change if they had to integrate graph generation and 

interpretation within the context of a unified piece of scientific writing such as a lab report.  

It is important for students to learn science as a process rather than as disconnected 

concepts and tasks.  Students who learn scientific skills in the right context will probably 

develop deeper understandings of the science topics they are exploring (Roth, 1992).  When 

students learn conceptual and factual knowledge in terms of how they are used in a specific 

context, it is very likely that they will remember the associations between the process and 

concepts.  As a result, students would learn content and process simultaneously rather than 

independently (Roth, 1993).  This type of process-oriented learning is referred to as 

“authentic practice.”  In its ideal format, it aims to develop students’ research skills such as 

hypothesizing, defining, experimenting, and interpreting data (Roth 1993).  All of which are 

important aspects of the discourse of science.  Authentic practice stresses knowledge of how 

to do things in a specific field.  In science, this means how to solve problems, how to test 

hypotheses, how to collect and interpret data, and how to communicate concerns, questions, 

and findings to other members of the scientific community  (Penrose & Katz, 1998).  

Authentic practice allows students to develop procedural knowledge in science, which in turn 
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allows for the development of content knowledge.  When procedural knowledge and content 

knowledge develop together, students are learning the whole of science rather than the 

fragmented, isolated parts.  

 

 

 

Writing and Knowledge Construction 

The process individuals use to construct knowledge is intricately linked to writing.  

Writing’s effects on thinking and the development of conceptual knowledge tie in well with 

the basic premise of constructivism.  Particularly, with the basic tenet that knowledge is 

constructed by individuals and cultures (Piaget in Baker & Piburn, 1997); and that learning is 

facilitated when students have the opportunity to link new information to their existing 

knowledge representations, or schemata (Posner, Strike, Hewson, & Gertzog., 1982).  

Writing is considered a heuristic for learning, a process of discovery, and a way of knowing 

harbored within individual thought (Baker & Piburn, 1997; Durst, 1987; Emig, 1977).  This 

focus on writing to promote learning originated with Vygotsky’s research on language and its 

role in the development of thought (Vygotsky, 1986).  Vygotsky’s research explained 

writing’s function in the construction of knowledge.  He suggested that while speech is 

external and taken from others around us, writing is an internal process that tends to be more 

conscious and deliberate than speech (Vygotsky, 1986).  Writing is a learned behavior, while 

talk is natural, and even irrepressible behavior (Emig, 1977).  By its very nature, writing is an 

analytical process that requires a high level of abstraction (Vygotsky, 1986), and is never just 

a matter of transferring spoken words onto paper (Britton et al., 1975).  
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Since writing is a "graphical" or symbolic representation of thought (Emig, 1977), it 

can serve as a record of students’ perspectives and students’ prior knowledge (Prain and 

Hand, 1996). Britton et al. (1975) suggest that a piece of writing may reveal clues about how 

students’ minds are working, because writing requires careful planning and an on-going 

dialogue with the self (Britton et al., 1975; Kellogg, 1994).  Writers constantly pause and 

reflect on what they have written before they go on to expand their ideas.  There is a constant 

recollection and revising that reflects a mental struggle to “[get] it right for the topic, for the 

writer, and for the reader” (Britton et al., 1975).  Kellogg (1994) calls writing a thinking tool, 

because writing about a subject reveals what one knows and what one does not know about 

that particular subject.  It helps students link new information to their long-term memory.  It 

is this connection of prior to current ideas, which allows students to show their conceptual 

structures as well as develop them during the writing process (Keys, 1999a).  As students 

write, they attempt to make meaning for themselves and so may end up developing new 

knowledge in the process.  

The reflective or “looking-back” nature of writing seems to match the nature of 

conceptual change, and may encourage students to consider alternative understandings 

(Fellows, 1994).   Alternative understandings may be “accommodated” into existing 

schemata by altering these schemata (Posner et al., 1982), and by developing new channels 

of thinking to understand the new information.  Through writing, students can learn concepts 

as part of an organized network of information rather than as a list of facts. (Glynn & Muth, 

1994).   The key here is that students can progress from “knowledge-telling” writing 

operations to ones that are “knowledge-transforming;” and so may go beyond mere 
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comprehension to higher order skills, such as analysis, synthesis, and evaluation (Rosaen, 

1989), which are crucial to scientific writing.   

“Knowledge-telling” operations do not foster new learning, because they only require 

retrieval of existing information.  “Knowledge transforming” operations, on the other hand, 

require a complex interaction of prior and new content knowledge in the context of scientific 

genre knowledge (Bereiter and Scardamalia, 1987).  In other words, writers have to make 

sense of new information as they simultaneously find ways of communicating new 

understandings in a context that is appropriate to the discourse community of science.  The 

writing process then becomes a clear reflection of the thought process as students gather, 

formulate, and organize old and new knowledge and find strategies for synthesizing and 

communicating emerging ideas (Connolly & Vilardi, 1989). It is also an active process, since 

the writer is constantly reflecting to understand and interpret phenomena. 

Using writing as a tool for teaching can help students monitor their own learning 

processes (Rosaen, 1989), because there is a metacognitive component to writing (Kellogg, 

1994).  During the writing process, writers must be mentally engaged as they evaluate how 

they are doing and self-reflect on their own progress (Kellogg, 1994). One important role that 

teachers have is to foster reflection through writing (Baker & Piburn, 1997) in order to help 

students construct new knowledge.  Teachers can promote reflection by using written 

assignments to ask students to elaborate, analyze, and evaluate relationships among concepts 

rather than just summarize or recall information (Durst, 1987). When students are only asked 

to write recall information rather than create new one, they are not exerting the same level of 

mental effort or active reflection required for more complex writing tasks (Kellogg, 1994).  
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Higher order thinking skills involved in analysis and evaluation will force students to put 

effort and mindfulness into their writing and perhaps facilitate knowledge construction. 

Scientific writing can serve as a constructivist pedagogical tool for helping students 

develop and build their own conceptual knowledge (Baker & Piburn, 1997).  As students 

engage in higher order processes required for scientific writing and thinking, they may 

realize where their weaknesses are with respect to the conceptual knowledge they are 

applying in their writing.  This may prompt some students to review material, procedures, 

and data in order to try to figure out where the problems are.  Since writing is more 

permanent than talking, it is a very powerful format for allowing active reflection.  As 

students review and revise their information, they are reflecting on how their conceptions of 

science fit in with actual experimental findings (Kellogg, 1994).  Even if students are not 

successful in changing stubborn misconceptions about science, the act of reflection may lead 

to some realizations that can help to spur growth and learning in a future setting.  
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Methodology 

Statement of the Problem 

 
Although considered the traditional genre for writing in science laboratory courses, the 

laboratory report in not used as much as it once was.  Disappointed by poor quality reports, 

and large demands on out-of-class grading time, science laboratory instructors are 

increasingly abandoning the laboratory report.  Formal laboratory reports have been replaced 

by “fill-in-the-blank” reports, descriptions of observations and results, or brief responses to 

laboratory questions.  When laboratory reports are included in science courses, students 

receive very little or no guidance.  Due to a lack of instruction in laboratory report writing, 

students not only write poor laboratory reports but also associate laboratory reports with 

busy-work.  This is a particular issue of concern for science majors, who need to be well 

versed in the discourse of science.  

This study proposes to answer whether or not an extensive laboratory writing guide can 

have positive effects on the overall quality of college science students’ laboratory reports, as 

compared to laboratory reports written with minimal guidance.  It also examines students’ 

overall attitudes toward science and laboratory report writing as a result of extensive 

laboratory writing instruction.   Research shows that while students’ attitudes about science 

will influence their learning, instruction can have a strong influence on those attitudes 

(Freedman, 1997).  
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The guiding hypotheses, based on the research questions, are as follow: 

 Students using LabWrite when writing their laboratory reports, show significant 
improvement in their overall understandings of laboratory investigations.  

 
 Students using LabWrite when writing their laboratory reports, show significant 

improvement in their abilities to organize, elaborate, and interpret findings in a 
systematic approach that reflects scientific thinking.  

 
 Students using LabWrite when writing their laboratory reports, report positive attitudes 

towards writing lab reports as compared to students who do not use the writing tutorial. 
 

Target Population 

The target population is North Carolina State University (NCSU) college students 

registered for Biology 183, an introductory level biology course for biology and other life-

science majors.  Biology 183 has a lecture/laboratory format, and is part two of introductory 

biology for biology and life science majors.  The Biological Sciences program offers the 

course every semester, and students are not required to take Biology 183 in the semester 

immediately following the first part (Biology 181, also offered every semester).  Biology 183 

is a good candidate for this study, because it includes traditional laboratory reports in its 

curriculum.  Instruction for laboratory report writing in this course is in a format typical for 

most courses—a brief outline of laboratory report sections followed by brief descriptions of 

each section. 

 

Research Design and Sampling Strategy 

The study used a posttest only control group design (Campbell & Stanley, 1966). 

Since participants in both the treatment and control groups selected registration in this 

course, randomization was not possible; so the study was quasi-experimental.  The control 

group was comprised of students registered for Biology 183 in the Fall semester, 2000, with 
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approximately 80 students.  During the Fall semester, only one professor (P1) was assigned 

to the lecture component of course. Two teaching assistants (TA1 & TA2) taught two 

sections each, and lab sections had a maximum of 20 students. The treatment group was 

comprised of students registered for Biology 183 in the Spring semester, 2001.  Although 

two professors taught Biology 183 during the Spring semester (P1 & P2), only the students 

registered for sections taught by P1 were part of the treatment group.  Students who 

registered for P1’s lecture section received automatic registration for laboratory sections 

taught by TA1 & TA2, approximately 80 students (four laboratory sections).  Only P1’s 

students were included in the study, but all students in the course had the same laboratory 

syllabus and treatment.  Using students with the same instructors for the control and 

treatment groups, reduces teacher variability.   The study used intact laboratory sections for 

both groups.  Sample size for both the treatment group and control group was based on the 

number of registrants, and did not exceed 80 students for each group.  

The treatment was the LabWrite tutorial for students and instructors.  LabWrite 

became an integral portion of the Spring semester course.  Both TA’s in the treatment group 

received in-depth training on how to use LabWrite, and how to integrate it into the laboratory 

investigations.  P1 attended the training sessions as well.  The study looked at between group 

differences in overall quality of laboratory reports as described above, and attitudes towards 

science and laboratory reports.  Students had no knowledge about the study upon or during 

registration for the course.  P1 followed the same lecture and laboratory course syllabus 

during both Spring and Fall semesters.  Students in both the treatment and control groups 

wrote a total of four laboratory reports, three individual reports and one group report.  

Laboratory investigations, on which reports were based, were identical for both treatment and 
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control groups.  Laboratory rooms were equipped with computers, so that students could 

access LabWrite during lab sessions. 

The independent variable in this study is LabWrite, and the dependent variables are 

(1). Overall quality of students’ laboratory reports: general understanding of scientific 

concepts associated with the labs, and elements of scientific thinking; and (2). Attitudes 

associated with science and lab report writing.  Overall quality of lab reports was assessed by 

holistic and primary trait analysis of a random sample of laboratory reports from the control 

and treatment groups.  Copies of laboratory reports were collected throughout both 

semesters.  General attitudes about science were measured using two sub-scales from the 

“Test of Science-Related Attitudes” (TOSRA) (see Instruments below).  Attitudes about 

laboratory writing were measured using an instrument specifically designed for this study 

(see Instruments below).  Both the control and treatment groups received identical attitude 

surveys at the completion of the course.   

This study also has a qualitative component for examining students’ perceptions 

about laboratory reports.  Various students enrolled in the treatment group were interviewed 

individually.  Interviews served to give students a voice about their beliefs, feelings, and 

approaches to laboratory report writing after receiving extensive instruction.  Participants for 

the individual interviews were randomly selected from the official class roll, but all student 

participation was strictly voluntary.  
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Experimental Treatment 

 The treatment for this study was LabWrite, an extensive, self-explanatory web-based 

heuristic for learning the purpose, process, and mechanics of writing laboratory reports.  

LabWrite returns to the idea that the experimental report is a specialized genre that students 

and laboratory instructors need to be properly introduced to.  When writing parts of a lab 

report, the purpose of the lab procedure, the meaning of the research question, and the 

interpretation of the data is made within the learning context of the lab experiment.   

LabWrite’s main premise is that each section of the lab report has a specific role in 

understanding and communicating scientific conceptions.  LabWrite is process-oriented 

rather than product-oriented, and it emphasizes the reflective nature of writing.  Students 

using LabWrite have the opportunity to reflect on their understandings of laboratory 

investigations before, during, and after they have written their laboratory reports.  LabWrite 

for students is divided into four main sections supported by an extensive resource base:  Pre-

Lab, In-Lab, Post-Lab, and LabCheck.  Brief descriptions of each section follows.  For more 

information, go to http://www.ncsu.edu/labwrite. 

 

Pre-Lab: Includes questions that students can answer before doing the lab.  The purpose of 

Pre-Lab is to guide students through the thinking processes that scientists engage in before 

conducting scientific investigations.  This includes identifying the scientific concept(s) that 

drive the laboratory investigation, describing the purpose of the lab, identifying variables, 

formulating hypotheses, and visualizing relationships between variables.  
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In-Lab:  Guides students through the process of collecting, organizing, interpreting, and 

representing data, as they participate in laboratory investigations.  This section is appropriate 

for use during laboratory investigations, and explores many issues dealing with variables, 

types of data, and how to represent different types of data.  This section has useful links to an 

Excel tutorial (a LabWrite resource) that helps students with the multiple issues of managing 

data.  It also links to flow charts that help students determine what data they have and how to 

represent them properly. 

 

Post-Lab:  Guides students through the actual process of writing their reports.  It helps 

students realize that the parts of a lab report are not necessarily written in the order that they 

are presented.  Students start with their raw data and try to make sense of it for themselves 

before they can report it to others in a meaningful way.  As students move through the 

different portions of the report, there are numerous resources to help them with different 

issues related to each section of the report.  There is also a sample lab report students may 

use as a reference. 

 

LabCheck:  Allows students to revise their lab reports before turning them in, and helps them 

review their graded report once they get them back.  LabCheck has a student version of the 

evaluation sheet, which instructors use to grade the lab reports.  The evaluation sheet has 

links to a document that gives advice on how to improve each portion of the lab report.   

When students get their reports back, they can use these links to figure out where they need 

improvement. 
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Instructors using LabWrite have access to step-by-step guides and teaching strategies 

for teaching the genre of laboratory report writing.  They also have a detailed grading rubric, 

“The Evaluation Guide” for grading students’ reports with supplemental detailed 

instructions.  The grading rubric attempts to address instructors’ concerns about grading lab 

reports.  It allows instructors to grade reports using a comprehensive and efficient approach 

that significantly reduces the need to make written comments on students’ papers.  For more 

information on the instructor’s site, go to http://www.ncsu.edu/labwrite/instructors. 

LabWrite was funded by the National Science Foundation (Award # 9950405).  It 

was developed and designed by a research team at NCSU (Michael Carter, English 

Department; Eric Wiebe, Department of Mathematics, Science, and Technology Education; 

Miriam Ferzli, Department of Mathematics, Science, and Technology Education), and was 

piloted in several science courses at NCSU in the Fall semester, academic year 2000-2001.  

Pilot studies of the site, included focus groups with students to discuss issues dealing with 

usability and usefulness.  Based on students’ feedback, the Post-Lab section of the site was 

revised to include a simplified menu embedded in a flow chart that students can click on to 

get to the information they need.  These improvements reduced the amount of text that 

students had to navigate through at the Post-Lab home page.  All revisions were in place 

prior to the Spring semester 2001 (see Appendix B for a sample of LabWrite pages).  

 

Instruments 

An attitude instrument composed of two parts—attitudes toward science and attitudes 

toward writing lab reports—was used in this study.  Attitudes are difficult to measure but if 

measured carefully, they can show that a particular intervention creates more positive 
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attitudes toward a given issue, than when not given.  In most studies, attitudes are associated 

with affect or feeling, like or dislike (Aiken & Aiken, 1969).  For the purposes of this study, 

attitudes will be defined as feelings, tendencies, and knowledge about issues—science and 

laboratory writing.  The attitude survey used in this study is a Likert-type survey with 46 

questions.  The last six questions on the survey ask for specific demographic information to 

determine some general characteristics about the study population (see Appendix C).  

Two subscales from the “Test of Science-Related Attitudes” (TOSRA) were used to 

measure students’ attitudes toward science.  The TOSRA, developed and validated by Fraser 

(1981), is a 70 item, Likert-type test with seven different sub-scales:  (1). Social Implications 

of Science, (2). Normality of Scientists, (3). Attitude to Scientific Inquiry, (4). Adoption of 

Scientific Attitudes, (5). Enjoyment of Science Lessons, (6). Leisure Interest in Science, (7). 

Career Interest in Science.  These subscales are based on the six distinct categories of 

affective domains for science education described by Klopfer (Fraser, 1977, 1978).  Subscale 

intercorrelations indicate that subscales 5,6, & 7 are highly correlated and are not considered 

distinct subscales (Schibeci & McGaw, 1981). Factor analyses conducted during a cross-

cultural validation study (Khalili, 1987), show that the TOSRA subscales are not as distinct 

from each other as initially described by Fraser (1977).   

Based on these findings, only two subscales were selected for this study. According 

to Fraser, choosing one of the three subscales 5,6, or 7 is acceptable to limit the number of 

items students have to answer (personal communication, October 22, 2000).  Subscales 3 & 5 

(10 items each) were selected for this study, because these two subscales seem to have the 

most relevance for the present study, and have a lower correlation with each other than with 

the other test subscales (Schibeci & McGaw, 1981).  Since measuring attitudes toward 
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science is only one component of the attitude instrument used in this study, limiting the 

TOSRA to two subscales significantly decreased the number of items students had to answer.  

Although it was developed for high school students, the TOSRA was found to be the best-

suitable instrument for the purpose of this study.  No validated instruments exist to measure 

attitudes toward science in college students.  Permission to use the TOSRA was granted by 

Fraser (personal communication, October 22, 2000) 

Since I found no instruments, which measure college students’ attitudes toward 

laboratory report writing, an instrument was designed for this study.  The instrument, 

composed of 11 items, addresses students’ attitudes about laboratory writing instruction, 

confidence, enjoyment, and usefulness for learning.  Five English professors at NCSU 

(Carolyn Miller, Nancy Penrose, Chris Anson, Michael Carter, and Steve Katz) reviewed the 

instrument in order to establish face validity.  All reviewers found that the instrument had 

face validity.  Face validity determines whether or not a test “looks valid”—if the content 

appears relevant and appropriate.  It is always important to establish face validity to ensure 

that a test seems reasonable to those taking the test.  If a test does not seem reasonable, it is 

very likely that test subjects will not take it seriously.  Even though face validity is important, 

even for tests whose content has been validated, it should never become a substitute for 

objective validity (Anastasi, 1988).  Due to the time limitations of this study, only face 

validity has been established.  Subsequent studies will address the issue of content validity.    

 In order to examine students’ perceptions of laboratory reports, a semi-structured 

interview guide was developed based on Glesne’s (1999) recommendations for devising 

interview protocol.  The interview guide was used during a pilot study of an introductory 

level biology class for non life-science majors (Biology 125, Fall, 2000).  Data during the 
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pilot study helped to revise the interview guide. The interview guide includes questions about 

the processes students use to write lab reports, students’ current and past experiences with lab 

reports, and students’ views about the role of the lab report (see Appendix F).   

 

Data Collection and Analysis 

Surveys were issued at the end of each semester, and data were obtained from survey 

responses for both the treatment and control groups. Surveys were kept anonymous, since 

subjects are more likely to be truthful when their identity is protected.  Composite scores for 

both subscales of the TOSRA and for the “laboratory writing scale” were tabulated.  

Composite scores are the sum of student ratings for all of the items.  For those items with 

negations, called “reverse items,” the scale was reversed (1=5, 2=4, 3=3, 4=2, 5=1).  A one-

way analysis of variance (ANOVA) compared between group differences in attitudes toward 

science and laboratory report writing (The significance level for the test was set at ∝=.05). 

 Copies of students’ lab reports were collected throughout both semesters.  Students 

turned in two copies of their lab reports—one for themselves and one for their TA’s to keep.  

Students’ names were “blacked-out” and reports were numbered.  Random samples of 

control and treatment reports were selected for scoring, approximately 40 from each group.  

Holistic scoring was used to assess overall understanding of laboratory investigations, and 

primary trait scoring was used to determine the degree to which students’ lab reports include 

key elements associated with scientific thinking.  Both holistic and primary trait scoring are 

assessment techniques regularly used in National Assessment of Educational Progress 

(NAEP) assessment programs (Huot, 1990). 
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Holistic scoring is used to gain an overall impression of a piece of writing while 

comparing it to other papers rather than against specific criteria. The paper is examined as a 

whole rather than as a collection of parts (Lloyd-Jones, 1977).  Three raters were selected, on 

a voluntary basis, from a pool of individuals familiar with the laboratory investigations for 

this course.  Raters were trained to look for an overall understanding of scientific concepts, 

principles, and laws associated with the laboratory investigations the lab reports are based on.  

Raters scored reports based on the degree of understanding using the following scale: 1-2 low 

end, 3 average, 4-5 high end.  Two raters graded each report, and when graders disagreed, a 

third rater “broke the tie.”  Before raters began scoring, they calibrated with each other in 

order to establish a baseline of papers at each level of the scale (Huot, 1990).  A one way 

ANOVA compared between group differences in overall understanding of scientific concepts  

(The significance level for the test was set at ∝=.05). 

 Primary trait scoring was used to examine elements of scientific thinking in students’ 

lab reports.  Primary trait scoring is designed to evaluate the writer’s success in 

accomplishing the purpose of a writing task by looking for specific criteria that are needed to 

accomplish that task (Lloyd-Jones, 1977; Huot, 1990).  In this study, the writing task is the 

lab report, and the criteria are elements that are characteristic of scientific thinking.  

According to Kirscht et al. (1994), analyzing “study reports” or lab reports reflects 

underlying mental structures.  Each section of the lab report represents one or more aspects 

of the inquiry process of science.  The “Introduction” shows whether or not a student can 

formulate a hypothesis and provide reasoning for the hypothesis based on the existing 

knowledge base for the study topic.  The “Materials and Methods” section demonstrates 

whether or not students understand which materials and procedures they need to include in 
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order to collect meaningful data that can verify the hypothesis.  The “Results” section shows 

whether or not students can describe the overall trend for the data, and successfully integrate 

verbal and graphical representations of the data.  The “Discussion” section shows students’ 

abilities to draw conclusions based on their findings.  Students should use this section to 

make inferences and establish connections between the data, the hypothesis, and the 

knowledge base for the experiment.  Students that can accomplish these goals for each of the 

sections are showing advanced scientific thinking skills (AAAS, 1989; Kirscht, et al., 1994).  

For the purposes of this study, 9 traits were selected as being representative of scientific 

thinking elements in students’ reports.  Traits are listed and defined in a primary trait scoring 

guide, based on a four point scale (see Appendix D). 

Two raters, both of which have backgrounds in science education, were trained to use 

the rubric by reading example reports and learning to score each element according to the 

scale.  Raters calibrated periodically to ensure consistent scoring throughout the session.  

Each sample report was graded by both raters, and interrater agreement was statistically 

determined, using a basic formula for interrater agreement (number of agreements/number of 

opportunities for agreement) as well as with the polychoric correlation coefficient, which 

accounts for trends in individual graders (Andrews, 1981; Drasgow, 1986; Olsson, 1979).  

Reliability was also established using Cronbach’s alpha.  One-way and two-way ANOVA’s 

analyzed between group differences for composite trait score and separate trait scores, 

respectively (The significance level for the test was set at ∝=.05). 

 Qualitative data came from taped interviews with individual students.  Students 

received a consent form prior to the interview (see Appendix F).  Interviews were conducted 

in a conference room next to the laboratory rooms, where students attended their lab sessions.  



 137

All interviews were transcribed for analysis, and transcriptions were kept anonymous.  Data 

analyses occurred in several phases.  Initial analyses of the interview data looked for major 

coding categories in the form of phrases, subjects’ ideas, and repetitive patterns.  As Bogdan 

and Biklen (1998) suggest, having these codes makes it possible to sort the data so that 

relevant data are easily distinguishable from other data.  Subsequent analyses of the data 

allowed connections to emerge between individual responses and themes related to students’ 

perceptions about lab reports and lab report writing.  These themes make it possible to 

formulate inferences about the meaning that students ascribe to lab reports as well as the 

overall importance of lab reports in the college science laboratory.  

  

 



 138

APPENDIX B 

Sample LabWrite Pages 
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LabWrite Project 2000 

 
 
Resources Home Page 
 
Graphing Resources 
Excel Tutorial 
Data Types  
Tables vs. Graphs 
Graph Types 
Bar Graphs  
Histograms 
Line Graphs  
Scatter Plots  
Revising Your Visuals 
Descriptive Statistics  
 
Writing Resources  
Quick Guide to Post-Lab Stages 
LabCheck-List 
Help Improving Your Lab Report 
Grade 
LabCheck Evaluation Guide 
Online Writing Handbook 
Citations and References: 
Documenting Sources 
 
Other Resources 
Tutorial - Introduction to Writing 
Lab Reports  
Sample Lab Report 
Annotated Sample Lab Report 
Sample Pre-Lab Assignment 
Sample In-Lab Assignment 
Pre-Lab Handout 
In-Lab Handout 
 
•Glossary 
 
  

 
 
 

Pre-Lab:  questions to answer before doing the lab.  
This section will help prepare you to make the most out of the lab. 

In-Lab:  guidelines to follow during the lab for managing lab data.
This section will help you learn to successfully gather and record lab 
data. 

Post-Lab:  steps to take you through the process of writing the lab 
report.  
This section will help you move from raw data to a completed lab 
report. 

LabCheck:  a guide to improving your lab report.  
This section will help you revise your report before turning it in and 
improve your performance after getting it back.  
 
 

Home | Pre-Lab | In-Lab | Post-Lab | LabCheck | Resources  
© Copyright LabWrite Project 2000 

 
Sponsored and funded by  

National Science Foundation - Grant # 9950405, Web Designer: Judy Lambert 
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• Home • Pre-Lab • In-Lab • Post-Lab • LabCheck 
LabWrite Project 2000 

Select a Pre-Lab Link...  
 

Select a Resource...  
 

 
Pre-Lab:  questions to answer before doing the lab  

The purpose of this Pre-Lab is to prepare you for your lab by guiding 
you through the thinking process that scientists engage in before 
actually starting an experiment.  Answering these questions before each 
lab will help you to understand the concepts and give you the tools for 
doing that lab more efficiently and effectively.  You'll  know what to 
expect in the lab and how to process the lab data.  

In addition to that, you'll also have a head start on actually writing the 
lab report.  When you finish the Pre-Lab questions, you will have most 
of the materials that will eventually go into the Introduction of your 
report.  

First, Carefully read the description of the lab. 

In most lab classes, you will have a lab manual that contains background for the lab and 
directions for doing the lab procedure.  There may also be handouts or other materials you 
have access to.  Read it all.  And don't just skim it.  In fact, you may need to read it more 
than once to get a good grasp of it. 

Next, answer the following questions about the lab 

1. What is the scientific concept that provides the learning context for the lab? 

a. State in a few words or a sentence what the lab is about, that is, what 
scientific concept (theory, principle, etc.) or procedure you are supposed to be 
learning about by doing the lab. 

b. Tell what you know about the learning context. Look for information about 
the learning context in the lab manual, the textbook, lecture notes, handouts, 
and other sources recommended by the lab manual or teacher. In advanced 
labs you may also be expected to cite the findings of previous scientific 
studies related to the lab. 

 
2. What are the goals of the lab? 

a. Identify the objective(s) of the experimental procedure of the lab. 
b. Define in a sentence or two the primary purpose of the lab within the learning 

context. 

 

• Sample Pre-Lab 
Assignment - html

• Sample Pre-Lab 
Assignment - pdf 

• Pre-Lab Handout 
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3. What is your guiding hypothesis for the experiment? 

a. Identify the independent and dependent variables for the experiment. (If the 
lab calls for more than one procedure, be sure to identify the key variables for 
each of the procedures.)  

b. State your hypothesis. Describe in a sentence or two and/or in a sketch of a 
table or graph your best estimation of what you expect the outcomes of the 
lab procedure(s) to be. In other words, you need to describe the anticipated 
relationship between the independent and dependent variables. Click here for 
help with sketching your expected results. (If you aren't sure, ask your 
teacher if making a sketch is appropriate to your lab.) 

c. Briefly explain how you reached your hypothesis. Describe the logic that you 
used to reason from what you know about the learning context to your 
educated guess of the outcomes of the experimental procedure.  

  

Home | Pre-Lab | In-Lab | Post-Lab | LabCheck | Resources  

© Copyright LabWrite Project 2000 
 

Sponsored and funded by  
National Science Foundation - Grant # 9950405 

 
LabWrite Project Team 

Michael Carter Ph.D., Science Communication; Dept. of English 
Eric N. Wiebe Ph.D., Graphic Communications Program;  

Dept. of Mathematics, Science, and Technology Education 
Miriam Ferzli, Research Assistant, Science Education 

We welcome your feedback! 

Web Designer: Judy Lambert 
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• Home • Pre-Lab • In-Lab • Post-Lab • LabCheck 
LabWrite Project 2000 

Select an In-Lab Link...  
 

Select a Resource...  
 

 
In-Lab: guidelines to follow during the lab  

for managing lab data 

When you are in the lab, your primary job is to perform the 
procedure and record the data as safely and accurately as you can.  
Safety, of course, is crucial, but our main concern here is with how 
you organize and record data during and perhaps immediately after 
the lab.  

In some labs, you will be entering data in places provided in your 
lab manual.  In such cases, you may not have to concern yourself 
with some of the issues we will consider here.  In many other labs, 
however, you will be recording data in a lab notebook and will have to make the decisions 
about how to manage data effectively.  Here are some guidelines that will be helpful in both 
situations.   

Step  1:   Organize the Data  

In most labs, organizing your data begins with designing a table for recording your 
observations. Even though most researchers report their data in graphs, they record their 
data in tables. To design tables that are appropriate and meaningful, you must understand 
the kinds of data you are recording. The following questions will help you understand your 
data and design a useful table:  

• What are the independent and dependent variables?  

• What are you measuring?  

• What type of data will you be collecting--qualitative data, quantitative data, or both--
for each of your variables? Click here for additional help in determining the types of 
data.  

• What are the units of measure for each of your variables?  

• Will you note observations with sketches, written descriptions, or both?  

• Will you be designing a table for your data?  

See an example of lab notebook pages 

 

• Sample In-Lab 
Assignment - html 

• Sample In-Lab 
Assignment - pdf 

• In-Lab Handout 

• Example Lab 
Notebook Pages 
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Step 2:  Record the Data   

Record your data using the format you established above. 

As you record your data, be aware of accuracy, precision, and potential sources of error.  
These will be important later on when discussing your results.  Note any changes that you or 
the instructor made to the procedures.  These will be important later on when writing your 
report. 

Step 3:  Describe the Data   

Look for trends in the data.  What do you think is happening with respect to the dependent 
and independent variables?  What are the relationships between variables? Look at your Pre-
Lab Exercise and note any differences and similarities between your previous assumptions 
and what you actually observed.  If applicable, note differences between the control group(s) 
and treatment group(s). 

Step 4:  Corroborate the Data 

Compare your data with those of your peers and note any similarities or differences.  
Step 5:  Enter Raw Data onto a Spreadsheet 
At this point you are ready enter your data onto a spreadsheet which will allow you to create 
a graph later on.  See Entering Raw Data onto Excel Spreadsheet 

Step 6:  Transform the Data into Graphs   

Proceed with this step if you are required to graph your data in lab.  Before you set out to 
transform your data into a graph you need to determine which visual form (e.g., table or 
graph) best represents the meaning of the data.  If the teacher has already given you the 
appropriate visual form to use, such as in the lab manual or in a handout, skip this step.  
Click here for more information on choosing a graph type. 
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Home | Pre-Lab | In-Lab | Post-Lab | LabCheck | Resources  

© Copyright LabWrite Project 2000 
 

Sponsored and funded by  
National Science Foundation - Grant # 9950405 

 
LabWrite Project Team 
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We welcome your feedback! 

Web Designer: Judy Lambert 
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• Home • Pre-Lab • In-Lab • Post-Lab • LabCheck 
LabWrite Project 2000 

Select a Post-Lab Link...  
 

Select a Resource...  
 

 
Post-Lab: steps to take you through the  

process of writing the lab report.  
These are the stages for writing your lab report. Click here for 
advice on using Post-Lab to write your report or click on any stage 
in the flowchart below to go directly to further details. 

 

• Sample Lab Report 

• Quick Guide to Post-
Lab Stages 
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• Home • Pre-Lab • In-Lab • Post-Lab • LabCheck 
LabWrite Project 2000 

Select a LabCheck Link...  
 

Select a Resource...  
 

 
LabCheck:  a guide to improving your lab report 

In the Pre-Lab you prepared for the lab, in the In-Lab you gathered 
and analyzed data for the lab, and then in the Post-Lab you wrote 
the report for the lab.  But you're not finished with the report yet.  
LabCheck allows you to put the finishing touches on your report by 
guiding you through: 

1. revising the report before you turn it in and  

2. going over the graded report when you get it back.  

1. Revising the lab report before you turn it in 

When you have the completed lab report in your hand, the temptation is just to turn it in and 
be done with.  After all, you have homework in other classes that needs to be done.  But you 
will probably make a better grade on the report if you will take a few more minutes to make 
sure that it really is as good as you can make it. 

That's what the LabChecklist is for.  It takes you through the main components of your lab 
report so that you can make sure that it has everything it is supposed to have--and that it is 
quality work.  Use LabCheck on line or print it out as a guide for revising your report before 
turning it in. 

Click here for the LabCheck-List. 

If you need any guidance with your revisions, go back to the part of the Post-Lab that is in 
question to review how to write that part of the report. 

2. Going over the graded report when you get it back 

When you get a lab report back, or any other paper for that matter, you probably just glance 
at the grade and stuff the paper in your notebook never to look at it again.  That's OK if you 
are making A's.  But if you're not making A's, then you ought to be reviewing the paper, 
looking for ways to improve your grade next time. 

This is especially true with lab reports because you will be writing a lot of them over this 
term and will have ample opportunities to do a better job on later reports.  Your teacher may 
even give you an opportunity to revise your report after you get it back so that you can get a 
better grade on it.  To help you take advantage of such opportunities, LabCheck provides 

• LabCheck-List 

• LabCheck Evaluation 
Guide - html 

• LabCheck Evaluation 
Guide - pdf 

• Help Improving Lab 
Report 
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you a way of using your graded lab reports to learn to write better lab reports. 

Here's the way it works:  Your teacher will be using the LabCheck Evaluation Guide to 
grade your report.  This Evaluation Guide consists of a grid containing the major criteria for 
each of the parts of the lab report.  Your teacher will evaluate your performance by marking 
weak, fair, or excellent for each of these criteria. 

You have access to the same Evaluation Guide so you will know exactly what you are being 
graded on.  In fact, the criteria on the Evaluation Guide are basically the same as you have 
on your LabChecklist, only a little more abbreviated.  Your Evaluation Guide is designed to 
help you to learn from your graded lab report.  It provides links to information on each of 
the criteria.  So if you find that you have been marked down on any element of a graded lab 
report, all you have to do is to click on that part of the Evaluation Guide to find help for 
improving that element of the report next time around. 

Click here for LabCheck Evaluation Guide. 

Click here for help improving your lab report grade. 

  

Home | Pre-Lab | In-Lab | Post-Lab | LabCheck | Resources  
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• Home • LabWrite for Students
LabWrite Project 2000 

    
 

Using the Lab Report to Shape Scientific Thinking  

This web site is designed for lab instructors who are teaching with 
LabWrite, a tool for teaching lab reports.  LabWrite provides you 
with teaching materials and lesson plans to help you guide your 
students through the thinking and writing necessary to produce 
effective lab reports.  This Teacher's Guide is presented in 
association with LabWrite for Students, a web-based handbook 
that will be used by students in your lab section.  The materials 
offered here will enable you to take full advantage of the 
resources in LabWrite. 

  
LabWrite Teacher's Guide 

I. What is LabWrite? 

  A. The Importance of Teaching Science Labs:  A 
Rationale for LabWrite 

  B. Why Write Lab Reports?  Teaching with a Purpose 
  C. LabWrite Overview 
    
II. Introducing Students to Writing Lab Reports 

  A. Writing Lab Reports - (for introductory-level courses 
for science majors or non-science majors) 

  B. Writing Lab Reports - (for advanced-level courses) 
        
III. Teaching with LabWrite 
  A. Teaching with Pre-Lab 
  B. Teaching with In-Lab 
  C. Teaching with Post-Lab 
  D. Teaching with LabCheck 
  E. Grading Lab Reports 

 

• Introduction to Lab 
Reports: 

 - Introductory Courses 

  - Advanced Courses 

• Teaching with LabWrite 

• LabCheck Evaluation 
Guide - pdf 

• LabCheck Evaluation 
Guide - Excel version 
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APPENDIX C 

Attitude Survey 
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Directions:  Please, respond to what you think about the following statements.  There 

are no right or wrong answers.  Put all responses on the “response sheet.” 

Your honest opinion is greatly appreciated. 

A=Strongly agree 
B=Agree 
C=Neutral 
D=Disagree 
E=Strongly Disagree 

1. Money spent on science is well worth spending. 

2. I enjoy reading about things which disagree with my previous ideas. 

3. I get bored when watching science programs on TV at home. 

4. Doing experiments is not as good as finding out information from teachers. 

5. I would like to be given a science book or a piece of scientific equipment as a present. 

6. I am curious about the world in which we live. 

7. I dislike reading books about science during my holidays. 

8. I would rather agree with other people than do an experiment to find out for myself. 

9. The government should spend more money on scientific research. 

10. I like to listen to people whose opinions are different from mine. 

11. Talking to friends about science after school would be boring. 

12. I would rather find out about things by asking an expert than by doing an experiment. 

13. Science helps to make life better. 

14. In science experiments, I like to use new methods which I haven’t used before. 

15. Listening to a talk about science on the radio would be boring. 

16. It is better to ask the teacher the answer than to find it out by doing experiments. 

17. Science can help to make the world a better place in the future. 

18. In science experiments, I report unexpected results as well as expected ones. 

19. I dislike reading newspaper articles about science. 

20. Being told scientific facts is better than finding them out from experiments.  
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21. I feel that I had enough guidance in this class to help me write good lab reports. 

22. I disliked writing lab reports in this class. 

23. I felt positive about the quality of the lab reports that I turned in. 

24. When writing my lab reports, I often felt unsure about the instructor’s expectations. 

25. I did well on the lab reports I wrote for this class. 

26. I feel that this course is designed to help students write good lab reports. 

27. The lab reports in this class were not worth my time. 

28. Writing lab reports really helped me to learn about science. 

29. Writing lab reports in this class helped me to understand the scientific method. 

30. This class helped me understand why we write lab reports in science classes. 

31. Writing lab reports in this class was easier than I thought it would be. 

32. I expect to do well in writing lab reports in future science classes. 

33. This course has increased my confidence in writing lab reports. 

34. I feel that this course helped me learn how to create graphs for scientific data. 

35. I feel confident that I can write a good discussion section for a lab report. 

36. I feel that lab reports have helped me learn biology concepts covered in lab. 

37. I don't understand why we have to write lab reports in science labs. 

38. I think my lab report writing has improved as a result of this class. 

39. I feel that this course gave me all the instruction I needed to write good lab reports. 

40. I feel that writing lab reports helped me to understand the data I collected. 

41. This class helped me to understand the purpose of each part of a lab report. 

42. What year are you in: (A) Freshman, (B)  Sophomore, (C) Junior, (D) Senior, (E) other 

43. What grade do you expect in lab: (A) a, (B) b, (C) c, (D) d, (E) other 

44. How many college-level science courses have you taken so far, including this 

one?(A)1-2, (B) 3-4, (C) 5-6, (D) 7+ 
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45. How many technical writing courses have you taken so far? 

(A) none, (B)  1-2, (C) 3-4, (D) 5-6, (E) 7+ 

46. What is your major field of study?:  

(A) biological sciences, (B) physical sciences, (C) other    

     

THANK YOU FOR YOUR TIME! 
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Report number _________ 
INTRODUCTION 

HYPOTHESIS                      The lab report: 
Superior provides a complete hypothesis that shows that the student has fully thought 

through the outcome of the experiment; clearly states the hypothesis using proper 
language (hypothesize, predict, anticipate, etc.)    

 

Fair provides a brief, not fully complete hypothesis; may or may not use proper 
hypothetical language                   

 

Poor offers what seems to be an attempt at a hypothesis, but it is too vague or confused 
to be clearly understood; does not use hypothetical language          

 

Not Applicable provides no hypothesis 
                    

 

 
EXPLANATION FOR HYPOTHESIS                  The lab report: 
Superior effectively explains the reasoning behind the hypothesis:  uses a sufficient 

amount of information from the scientific background of the lab to support an 
argument; makes a definite link between background and hypothesis, including use 
of clear explanatory indicators (because, since, due to, as a result, etc.)      

 

Fair explains the reasoning behind the hypothesis fairly well:  does not use enough 
information from the scientific background to make a convincing argument 
AND/OR fails to provide a definite link between background and hypothesis; may 
or may not use explanatory indicators                    

 

Poor makes only a vague attempt to explain the hypothesis:  does not use enough 
information from the scientific background to make a convincing argument AND 
fails to provide a definite link between background and hypothesis                    

 

Not Applicable provides no rationale for hypothesis 
                          

 

 
MATERIALS AND METHODS 

MATERIALS                      The lab report: 
Superior provides enough specific detail about the materials used in the experiment 

and how those materials were used to convince the reader that he/she would be able 
to repeat the experiment                      

 

Fair provides a general sense of the materials used in the experiment so that the reader 
is not fully confident that he/she could repeat the experiment 

 

Poor provides so little detail about the materials that the reader would not be able to 
repeat the experiment                     

 

Not Applicable provides no reference to materials used in the experiment 
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ORGANIZATION OF PROCEDURE                 The lab report: 
Superior describes the experiment in a clear and well organized manner that can be 

easily followed step by step; convinces reader that he/she could conduct the 
experiment; effectively; uses clear time-order indicators (first, second, then, next, 
after that, etc.)           

 

Fair describes the experiment in a way that conveys a general sense of what the steps 
are; leaves the reader with some uncertainty that he/she could conduct the 
experiment; uses inadequate time-order indicators 

 

Poor describes the experiment in a way that is difficult to follow; makes the reader 
uncertain that he/she could conduct experiment; uses few if any time-order 
indicators                      

 

Not Applicable provides no description of experimental procedure 
                        

 

 
RESULTS 

SUMMARY OF RESULTS                        The lab report: 
Superior contains one or two sentences near the beginning of results section that gives 

a fully sufficient, clearly stated summary of the findings of the experiment            
 

Fair contains one or two sentences somewhere in the results section that are 
recognizable as a summary of the findings but are not fully sufficient and clearly 
stated              

 

Poor contains what may be an attempt at summarizing the findings but is done so in a 
way that is vague and confusing                      

 

Not Applicable provides no recognizable summary of findings 
                        

 

 
INTEGRATION OF VISUAL AND VERBAL FINDINGS             The lab report: 
Superior fully integrates visual and verbal results:  written part of results section 

directly refers to tables and graphs and clearly addresses the data in them       
 

Fair fairly integrates visual and verbal results:  written part refers to tables and graphs 
but only as an afterthought AND/OR without clearly addressing the data in them        

 

Poor poorly integrates visual and verbal results:  written part describes results without 
any direct references to tables and graphs                      

 

Not Applicable provides no verbal results AND/OR no visual results 
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DISCUSSION 
RETURN TO HYPOTHESIS                       The lab report: 
Superior provides a sentence or two in the discussion that directly restates the 

hypothesis and indicates whether or not the hypothesis is supported by the 
experiment         

 

Fair provides a sentence or two that only indirectly refers to the hypothesis (without 
restating it) OR fails to state whether or not the hypothesis has been supported 

 

Poor makes only a vague or passing reference to a hypothesis AND fails to indicate 
whether or not the hypothesis is supported by the experiment; OR refers to a 
hypothesis not stated in introduction                       

 

Not Applicable provides no reference to hypothesis nor to whether or not hypothesis 
was supported by the experiment                       

 

 
LINKING HYPOTHESIS TO FINDINGS   The lab report: 
Superior makes a clear link between hypothesis and findings by using data from the 

results section as evidence for supporting or rejecting the hypothesis; refers to 
specific data as evidence           

 

Fair makes only a loose link between data from the results and the decision to support 
or reject hypothesis AND/OR provides only general references to the data              

 

Poor fails to make any link between data and hypothesis 
 

 

Not Applicable provides no reference to data from the results 
                        

 

 
LINKING HYPOTHESIS TO SCIENTIFIC BACKGROUND          The lab report: 
Superior makes a convincing argument as to why the hypothesis has been supported or 

rejected:  explicitly uses sufficient scientific background from introduction as a 
basis for reasoning; makes a clear link between the scientific information and 
hypothesis; uses clear explanatory indicators (because, since, due to, as a result, 
etc.)       

 

Fair makes a somewhat convincing argument about the hypothesis:  provides only 
general references to scientific background AND/OR provides no clear link between 
the background and hypothesis; uses few or inadequate explanatory indicators     

 

Poor makes a weak argument about the hypothesis:  provides no or only vague 
references to scientific background and no link between the background and 
hypothesis; uses unhelpful or no explanatory indicators                            

 

Not Applicable provides no explanation for support or rejection of hypothesis 
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North Carolina State University  
INFORMED CONSENT FORM 

 
Title of Study:  The Lab Report as a Pedagogical Tool 
Principal Investigator:  Miriam Ferzli    
Faculty Sponsor: Dr. Eric Wiebe 
 
Dear Mr./Ms. _____________ 
 
You are invited to participate in a research study.  The purpose of this study is to determine 
the benefits of lab report writing in Biology 183.  As a participant in this study, you 
will be asked several questions during a 45 minute to one hour-long interview. 
 
Your conversations with the interviewer will be audiotaped/videotaped for research analysis, 
but everything will be kept anonymous. The information in the study records will be kept 
strictly confidential.  Data will be stored securely and will be made available only to persons 
conducting the study unless you specifically give permission in writing to do otherwise.  No 
reference will be made in oral or written reports which could link you to the study. 
 
As a result of your participation in this study, the researchers hope to understand the ways 
that lab reports are perceived by students like you.  We also hope to improve the LabWrite 
website for other students who may take this course in the future. 
 
If you have questions at any time about the study or the procedures, you may contact the 
researcher, Miriam Ferzli, at mgferzli@unity.ncsu.edu  
 
Your participation in this study is voluntary; you may decline to participate without penalty.  
If you decide to participate, you may withdraw from the study at any time without penalty.  If 
you withdraw from the study before data collection is completed your data will be returned to 
you or destroyed. 
 
CONSENT 
I have read and understand the above information.  I have received a copy of this form.  
I agree to participate in this study. 
 
Subject's signature________________________________   Date ___________ 
 
Investigator's signature____________________________   Date ___________ 
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Interview Questionnaire 
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Interview Questions 
 

 Think back to when you were writing the first lab report for Biology 183, what were 

some of your feelings at the time.   

 How do you feel now about writing lab reports?  

 Tell me what you like about writing lab reports. 

 Tell me what you don’t like about writing lab reports. 

 Has writing lab reports helped your understanding of concepts you had to write about?   

 Tell me what you think the role of the lab report is in school science laboratories. 

 How did you come to form that perception? 

 How about the role of lab report is in science laboratories at the workplace. 

 How did you come to form that perception? 

 Did you feel prepared to write lab reports when you first came into biology 183?  

 Tell me about the instruction on lab report writing that you received in your  

biology lab 183. 

 Tell me about how you wrote your lab reports for Biology 183. 

 What did you find most helpful when you were writing the reports for Biology 183? 

 How does your experience with writing lab reports in Biology 183 compare to    

 Please comment on anything that you may have thought about during the interview or tell 

me anything you would like to add.  

 Is there anything that I didn’t ask you that you feel should have been part of the 

interview? 


