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Abstract: In 2005 faculty in the Northern Arizona University School of Forestry initiated a project to replace the required sophomore-level writing course taught by the English Department with a new course, “Writing in Forestry,” taught within the School.  The goal of the course replacement was to improve students’ experience and competence with the types of writing emphasized in upper division forestry courses and by professional foresters.  The School collaborated with PhD students from the Department of English, Applied Linguistics Program to develop and teach the new course.  We explain the genesis, development, and curriculum of the course, which has been taught successfully for two years.  We also demonstrate the use of corpus analysis to improve student vocabulary.  
Introduction

For the past three years we have led the development and implementation of a new writing course specifically designed to enhance a broad range of technical writing skills of students in the B.S. Program in Forestry in the School of Forestry (SOF) at Northern Arizona University (NAU).  Here, we describe the genesis, development, and curriculum of the course.  We also compare word use between student-authored lab reports and refereed forestry research articles using corpus linguistic approaches, and highlight the use of the results in teaching technical writing to forestry students.  Finally, we summarize feedback about the course from students.  Our overall goal for this paper is to promote “writing within the discipline” as an approach for forestry and natural resource programs to consider for improving student technical writing performance.        
Genesis of the Writing in Forestry Course


The SOF Writing Consultant was instrumental to the genesis of the Writing in Forestry course.  The Writing Consultant position was established in the SOF in 1995 to help forestry students improve writing skills.  The position was and still is staffed by graduate students in the Department of English who received a teaching assistantship and office from the SOF.  Prior to 2005, the Writing Consultant’s duties centered on providing informal writing instruction to students and developing and presenting occasional workshops on writing in undergraduate forestry courses.  Several classes required students to receive suggestions for improving their writing from the Consultant for specific assignments.  After ten years of this model, a significant change in the role of the Writing Consultant was proposed in 2005.

In 2005 the role of the Writing Consultant started to change from a primary focus on serving as a writing tutor for students to that of a developer and instructor of a new course, Writing in Forestry.  The change in the role of the Writing Consultant and the development of the new Writing in Forestry course was prompted by four major desires.  Our first and overriding desire was to improve the writing skills of graduates from our B.S. program in Forestry.  Second, we desired more formal writing instruction for students from the Consultant to maximize our financial investment in the Consultant position.  Third, we wanted an alternative to the sophomore-level writing course taught by the Department of English that was a requirement for our B.S. in Forestry.  In the ten years before 2005 we had tried two different sophomore-level writing courses taught by the Department of English as a required course in our B.S. in Forestry.  Both courses provided general instruction on technical writing, but were not specific to the sciences or forestry.  We observed that most students who had taken these courses were not familiar with or prepared for the types of writing done by many professional foresters and emphasized in our junior- and senior-level classes (e.g., data-based “lab” reports and analyses, memos, literature reviews, management plans).  And last, we were aware of a growing emphasis in academia on discipline-specific writing instruction and wanted to develop such an instructional approach for our forestry program.  For example, the NAU Department of Chemistry had already started to develop a textbook, Write Like a Chemist (Robinson et al. 2008), that emphasizes discipline-specific technical writing skills.  
Course Development

The Writing Consultant worked with SOF faculty during the fall 2006 semester to develop the Writing in Forestry course.  Development of the course was the primary duty of the Writing Consultant for this semester.  We were fortunate that the Writing Consultant at the time had considerable previous experience with teaching writing; he had taught technical writing in English to students in agriculture, engineering, and industrial technology at Aurora State College of Technology in Aurora, Philippines.
We were also fortunate that the Writing Consultants who led the course development and taught the first two years of the course were PhD students in NAU’s Applied Linguistic Program (http://www.cal.nau.edu/english/phd_program.asp).  This program is particularly strong in the quantitative analysis of language and corpus linguistics, a fairly new field of study.  These PhD students were well-equipped to understand and teach data-based technical and analytical writing.  For example, the format for a refereed article about applied linguistics research is very similar to the “IMRAD” (introduction, methods, results and discussion) format used by many forestry and natural resource professionals and scientists.  Moreover, the PhD students in the Applied Linguistics Program were familiar with many of the statistical techniques (correlation, regression, etc…) and analytical data-based reasoning often used by foresters.  We suspect that graduate students in this program are better suited for teaching our Writing in Forestry course than the typical graduate student in English whose experience is centered on composition, rhetoric, literature, and creative writing. 
The Writing Consultant’s goal during the semester of course development was to produce a course syllabus and coursepack of instructional materials.  He visited most forestry courses that require written assignments, and interviewed all relevant faculty about the types of writing emphasized in required courses.  Assignments for the course were developed specifically to teach writing skills expected of junior- and senior-level forestry students and forestry professionals.  All draft assignments were reviewed by relevant SOF faculty, and modified as needed.  Most assignments continue to be revised as we gain experience with the course.
The Writing in Forestry course was approved by the University Curriculum Committee as a required course in the B.S. in Forestry in 2007.  Freshman-level English Composition is a prerequisite for the course.  We want students to take the Writing in Forestry course in their sophomore year, and preferably before taking our forest measurements class which requires several laboratory-style reports.  Students must complete the Writing in Forestry course before entering into the junior-level professional forestry program.

Course Description

Writing in Forestry is a two-credit course designed to provide an overview of the types of writing expected of students in our professional forestry program and in forestry careers.  Students are given several activities to improve and develop writing skills relevant to forestry.  Students are introduced to the forms and rhetorical styles of: a) annotated bibliography, b) technical synthesis papers, c) laboratory reports, d) memos, e) professional opinion pieces, and f) selected sections of a forest management plan.  The tasks and activities identified for the course are intended to heighten students’ awareness of the written communication component of the professional forestry program and serve as venues for practice in presenting content information using clear, concise, and forceful language.

Student learning outcomes for the course are an increased awareness of:

· The principles of technical, professional, and academic writing specific to forestry.

· The range of writing that is expected of them in the B.S. of Forestry.

· Their own strengths and areas for improvement in writing in the forestry profession. 

Other learning goals in the course are to increase student understanding of how to:

· Synthesize ideas, findings, and information in a laboratory report or research paper.

· Evaluate and cite information and appropriate sources.

· Format equations,  tables, figures, and other illustrations. 

· Present effective and concise methods, results, and discussion and interpretation sections of a report.

· Write a memo.  

· Write a professional opinion piece or letter to a newspaper editor.

· Develop a parts of a forestry management plan.

· Improve writing by revision.
The learning outcomes are accomplished through lectures, class discussions,  writing assignments, grammar exercises, reading relevant materials, and revision of writing.  Students are expected to write each of the three major assignments (technical synthesis paper, lab report, and management plan) at least twice until the writing quality meets standards expected of professional resource managers.  
In addition to the materials that we developed specifically for the course, we have found the following texts to be useful to students in the class:
Alred, G., C. Brusaw, and W. Oliu. 2003. Handbook of technical writing. 7th ed. Boston: Bedford/St. Martin’s.

Markel, M. 2004. Technical communication: A step-by-step guide for engineers, scientists, and technicians. New York:  IEEE Press.
McMillan, V.E. 2006. Writing papers in the biological sciences. 4th ed. Boston: Bedford/St. Martin’s. (required of students)

Reinking, J., and R. Von Der Osten. 2004. Strategies for successful writing: A rhetoric, research guide, reader, and handbook. 7th ed. Saddle River, NJ: Prentice Hall. 

Grades are assigned to written tasks in the course (Table 1) with the following rubric, which is also used for required forestry courses at the junior and senior levels as part of our “writing across the curriculum program.”
“A” paper

· has a logical progression of ideas

· has clear topic sentences

· contains cohesive paragraphs

· uses paragraph transitions

· uses appropriate reference to supporting evidence (tables, figures, data, written sources)

· ends with a concise, conclusion statement

· has almost no structural, word choice, or mechanical errors
“B” paper

· has a logical progression of ideas

· has some clear topic sentences

· has some cohesive paragraphs

· occasionally uses paragraph transitions

· usually uses appropriate reference to supporting evidence (tables, figures, data, written sources)

· ends with a conclusion statement

· contains few structural, word choice, or mechanical errors

“C” paper

· has a somewhat illogical progression of ideas

· lacks clear topic sentences

· has somewhat incohesive paragraphs

· does not use paragraph transitions

· makes weak use of appropriate reference to supporting evidence

· does not end in a conclusion statement

· contains several structural, word choice, or mechanical errors

“D” paper

· has an illogical progression of ideas

· lacks topic sentences

· has incohesive paragraphs

· does not use paragraph transitions

· makes poor use of appropriate reference to supporting evidence

· does not end in a conclusion statement

· contains structural, word choice, or mechanical errors that seriously mar the writing

“F” paper has the characteristics of a D paper with no structural or mechanical competency.
The course starts with a diagnostic essay (why are you interested in forestry?) to help the instructor gage each student’s strengths and weaknesses in writing (Table 1).  The second week introduces students to academic and technical writing in forestry by discussing how forestry and scientific writing is different from other forms of writing they have done in the past, including in the freshmen English prerequisite course.  Empirical fact-based argumentation is emphasized in this week. 

 Persuasive writing is the focus of the third week (Table 1); students are assigned to write an approximately 200-word letter to the editor of the local newspaper expressing their opinion on a forestry-related topic of their choice.  The topic should be of current interest and accessible to the general public.  
In the fourth week students are assigned to write an annotated bibliography on a forestry topic of their choice.  After choosing a topic, students conduct library research to identify six academic sources (i.e. journal articles, books) that are relevant to the topic.  The sources should provide different perspectives on the topic and must come from credible academic publications.  Finally, each source must be cited in CSE style (name-year system) and be followed by a one paragraph annotation (100-250 words), that summarizes and evaluates the source and explains how this source is relevant to the topic.  The fifth week focuses on developing the skills needed to complete the annotated bibliography (Table 1).
The sixth week builds on the annotated bibliography assignment by exposing students to writing for the purpose of synthesizing the current knowledge about a forestry topic (Table 1).  Students are assigned to write a five-seven page technical synthesis paper on the forestry topic they selected for the annotated bibliography.  We encourage students to emphasize in this paper a key thesis or argument that is developed and supported by the findings and ideas of the sources used for the annotated bibliography.  The paper should have an introduction paragraph, which introduces the topic and presents the thesis statement, a body, in which arguments are supported by synthesizing the sources from the annotated bibliography, and a conclusion, where the thesis is restated and summarized.  The seventh week emphasizes approaches for successful synthesis papers and citation styles, the eighth week emphasizes professional memo writing, and the ninth week demonstrates effective table and figure formats (Table 1).
In the tenth week students are introduced to the purpose and format of forest management plans, and are assigned to write the current conditions section of a management plan for a hypothetical National Forest, the “Greenville Forest.”  Students are provided with background data and other information about the Greenville Forest and the following scenario that frames the assignment: Improvements are desired to a Forest Service road that carries commuter and recreation traffic through “Merganser Marsh,” an important wetland for wildlife and the home of several endangered species.  The paper has three sections: a Physical Setting section, in which the location, climate, and transportation system of the Greenville Forest are described; a Biological Setting section, in the vegetation and the wildlife are described; and a Social Setting section, in which the different recreational locations of the Greenville Forest are described.  Students work on this assignment in groups of three to expose students to the collaboration and teamwork that is required to produce many professional forestry management plans.  The eleventh week focuses on writing skills needed to complete the management plan assignment, such as scanning a map and inserting the image into a text document and using word processing software to create an index.

The last major assignment of the course, the lab report, is introduced in the twelfth week (Table 1).  For the report, students are provided with data on tree age, height, and diameter at breast height (DBH).  Students are required to use a standard research report format (introduction, methods, results, discussion) to address the following questions in a six-eight page report:

1. Is there a relationship between tree age and tree height?

2. Is there a relationship between tree age and DBH?

3. Is there a relationship between DBH and tree height?

4. Is it possible to accurately predict tree age from DBH and/or height?

5. Are the results of your study on ponderosa pine in northern Arizona applicable to other species or ponderosa pines growing in different regions?
The thirteenth to sixteenth weeks are devoted to demonstrations and exercises about specific components of the lab report and instructor review and consultation on the first draft of the report (Table 1).  The final report is due at the end of the course.
Corpus-Based Writing Analysis

An unanticipated product of the Writing in Forestry course was a quantitative analysis of the body of language, or corpus, used in forestry technical writing.  The analysis was initiated by one of the course instructors, a PhD student in the NAU Applied Linguistics Program.  The analysis highlighted key differences in word use between students in the class and professional forest scientists and the results were used to improve student writing.  Before explaining the assignment and data collection and analysis, we first provide a brief introduction to corpus-based writing analysis and instruction that may be unfamiliar to many natural resource and forestry educators.
Recent technical advancements in corpus linguistics have contributed to a wealth of research addressing the effective description of language used in various registers (Biber 1995, Biber et al. 1998).  For example, the features of writing that define specific sub-registers such as fiction, non-fiction, narrative, analytical, or technical, have been identified and explored by corpus linguists.  Results from the corpus descriptions of register-specific writing have provided interesting insights into the uniqueness of individual registers and have exposed the systematic patterns of word use, structure, and conventional word associations commonly employed by writers in the same field (Biber et al. 2003, Hyland 2004).  Intuitively, one might expect that knowledge gleaned from corpus-based research that identifies features and systematic associations of patterns of language characteristic of writers in a particular field could aid the teaching of writing for specific purposes, for example, forestry technical reports.

Explorations into the usefulness of corpus analysis and tools in pedagogy continue to expand.  Vocabulary acquisition and mastery of grammar for different levels of language learners are the preferred areas of investigation by many corpus researchers (Hinkel 2002).  Studies highlighting academic vocabulary in language teaching and content-based language instruction have demonstrated the feasibility and utility of merging corpus techniques and the teaching of vocabulary and writing (e.g., Flowerdew 1993, Cobb 1997, Huckin and  Coady 1999, Donley and Reppen 2001, Nesselhauf 2003, Horst et al. 2005).  Innovative corpus tools that aid in the introduction of new vocabulary words and collocations have helped learners to improve their awareness of meanings and uses of words in various contexts.  Corpus-based activities in the teaching of grammar and sentence structure have also been used in the language classroom through pioneering endeavors such as the COBUILD project (Gavioli 2005). Biber et al.’s (1999) Longman Grammar of Spoken and Written English brought significant corpus data and information that are relevant to pedagogy.  These developments in research and materials production in the classroom demonstrate that the combination of instruction and corpus tools contributes to the acquisition of vocabulary and grammar in the context of language teaching and learning. 


Corpus-based instruction for technical writing in a specific field, such as forestry, is rare.  Many of the issues involved with the development of corpus-based lessons and tools for technical writing instruction have to do with the difficulty of collecting applicable corpora, access to relevant computer programs, and the limited expertise and training of writing teachers.  Nevertheless, corpus-based materials and data are being explored for instruction of technical writing in specific fields, and early results suggest that such an approach to instruction benefits learners and is favorably received (Yoon and Hirvela 2004, Lee and Swales 2006).  
Corpus-informed textbooks and instructional materials for writing are also being developed, albeit to a limited extent and are still not fully incorporated into many college composition courses.  Robinson et al. (2008) have recently published a textbook that makes use of information gathered from corpus analyses of chemistry texts.  This textbook is targeted primarily to chemistry students in the United States.  Similarly, a set of lessons using corpus tools and techniques in teaching academic writing was developed by Donley and Dresher (2000) to heighten students’ awareness the features of strong and weak samples of student writing.  Although these projects have not been thoroughly implemented nor evaluated, more studies and tests on the suitability of corpus materials in the classroom will provide the necessary data in setting forth the blueprint for an effective corpus-based writing program.


We collected linguistic corpus data on the first draft of the lab report written by all students in the Writing in Forestry course over two semesters (n = 24 students; fall 2006 and spring 2007 semesters).  We also collected linguistic data on 500 recent refereed research articles from forestry and related journals (e.g., Canadian Journal of Forest Research Forest Ecology and Management, Forest Science, Journal of Forestry).  We preferentially included recent articles authored by faculty and graduate students in the NAU School of Forestry.  
After the collection of our two comparison corpora (student lab reports vs. published forestry research articles), we used an automatic, computer-based tagging program that counts and normalizes (per 1000 words) the frequencies of our target lexical features: verbs (reporting categories of verbs, e.g. show, find, claim) and linking adverbials (e.g. however, therefore, hence).  These features were chosen because they both are commonly used in technical research reports.  We also used the concordancing program MonoconcPro (Athelstan 1999) to obtain sample text excerpts of these features.  We present results for two linguistic characteristics, use of verbs and linking adverbials.  
We recognize that the unequal sample size for student reports and refereed articles might appear to confound the comparison of word use.  However, it is still possible to compare the frequency of word/features across corpora of differing sizes (i.e., the student papers and the refereed articles).  Norming is a technique that is used to make this comparison.  It involves dividing the number of times the word/feature occurs in the one corpus (e.g., the student corpus) by the total number of words in that same corpus.  The amount is then multiplied by 1,000, and the results are presented as the number of times the word/feature occurs per 1,000 words (see Biber et al. 1998).   
Total use of verbs was about the same in the student reports (14.5 uses per 1000 words) and the refereed research articles (13.8 uses per 1000 words; Table 2).  The verbs “show” and “find” were used most often in both the student reports and the  refereed research articles and their use was greater in student reports than the research articles (Table 3).  The only other verbs common to the ten most-used verbs of both student reports and refereed research articles were “observe” and “illustrate” (Table 3).  Verb use in student reports was dominated by “show” and “find’; other verbs were rarely used by students (Table 3, Figure 1A).  In contrast, the refereed research articles spread use over a larger number of verbs than the student reports (Figure 1A and B).   
Total use of linking adverbials was lower in the student reports (7.6 per 1000 words) than the refereed articles (12.2 per 1000 words; Table 4).  “Also” was used most frequently in both the student reports and the refereed articles (Table 5).  Seven words were common to the ten most frequently used linking adverbials for each type of writing (also, then, however, as well as, for example, although, therefore; Table 5).  The abbreviated linkages “e.g.” and “i.e.” were commonly used in the refereed articles, but were never used in the student reports (Table 5).  Similar to the findings for verbs, use of linking adverbials was spread over a larger number of words for the refereed articles compared with the student reports (Figure 2).
The results were shared with students in the Writing in Forestry class shortly after completion of the assignment to highlight key differences in writing between reports authored by students and professional forestry scientists.  The first key difference is that students had a smaller vocabulary in verbs and linking adverbials than professional scientists.  We speculate that smaller vocabulary of students is related to their limited experience with forestry technical writing.  The second key difference is that students used fewer linking adverbials than professional scientists.  Low use of linking adverbials may lead to the lack of flow that is common to technical writing of beginning students.  The most interesting facet of the results is that most students were fascinated with the comparison; it seemed to perk their interest in improving their technical writing skills.  Students appreciated having the lists of verbs and linking adverbials commonly used by professional scientists to use as a guide for their future writing.  They appreciated that the list was generated from forestry writing, not other types of writing.
Course Evaluation
Here we summarize the results of evaluations by students over the first four semesters of the Writing in Forestry course.  At the end of the first semester of the course offering (Spring 2006), we asked the students to rate the level of difficulty for the writing assignments.  Students rated the management plan (3.9; 1=easy, 5=difficult) and lab report (3.9) as most difficult, followed by the synthesis paper (2.7), memo (2.6), and opinion piece (2.3) and annotated bibliography (2.3).  Students ranked the writing assignments in priority of importance to them (highest to lowest): lab report, management plan, memo, synthesis paper, annotated bibliography, opinion piece.  Nineteen of 20 students agreed that the grammar workshop was helpful and should be retained in the course.  The most supportive written comments from students over the first four semesters of class offering were (directly quoted): 

· “I’m glad I took this class.  I feel it has given me a preview of what I will be writing in the professional program.”
· “I enjoyed the grammar lessons and fell that they helped me improve my writing.  I wish we could have focused more on them.”

· “I thought this class was awesome.  I feel ahead of the game when it comes to writing papers in other classes.”

· “I would like to say that this class is outstanding.  I am impressed with my overall experience in this class.  It has prepared me for future classes and applications down the road.  I have had to take a lot of required courses this semester and let me tell you that this is the only class that I enjoyed.  I do not like writing, but the instructor presented the material so well that he made it a good experience.”

· “This class was great.  I feel that the course has prepared me well for entrance into the forestry program.”

The most negative criticism from students was:

· “There was an enormous amount of writing, almost too much, but other than that, I learned some new stuff.”
· “I think it would be good to include more examples of good work along with work that needs improvement.”
· “This class next semester would benefit from punctuation activities.”
· The only suggestion I have is to change the grading system for the class.  It seems as since there is an individual emphasis on all the papers but the management plant, there should be an individual grade for the management plan.  By this I mean that a person should be graded by their individual sections in the management plan and not get a group grade because not everyone exerted the same level of work or effort.”

· “Seems like this course could be structured better.  There was a lot of unused time during the first two weeks.  Perhaps a bit more focused on writing lab reports would be helpful as well.  A lot of work for a two credit class.”
Our anecdotal observations suggest an improvement in writing performance in junior- and senior-level classes by students who have completed the Writing in Forestry class compared with students who did not take the class.  However, we need to collect more data on writing performance to substantiate this suggestion.

Conclusions

Feedback from students, instructors, and subsequent writing performance suggest that the Writing in Forestry class has been successful in improving the writing skills of undergraduate forestry students at NAU.  One key to the course success is the design of writing assignments and topics that specifically prepare students for the broad range of writing that is expected of students in upper-division courses in our B.S. in Forestry.  This design required a full semester of collaboration between the course instructor and forestry faculty.  Another key is staffing the instructor position with PhD students from NAU’s Applied Linguistics Program who are trained in both a broad range of technical writing and in quantitative data-based scientific inquiry.  Funding for the course comes directly from the SOF operations budget in the form of an assistantship to the course instructor, a graduate student from the Applied Linguistics Program.  Thus far we are pleased with the return on this investment, and are encouraged that writing skills of undergraduate students can be enhanced by writing within forestry.
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Table 1. Major topics and assignments in the Writing in Forestry course by week.
	Week
	Topics/Assignments

	1
	Class introduction; Diagnostic essay

	2
	Introduction to academic/forestry writing

	3
	Persuasive writing; Letter to the editor writing; Letter to the editor assigned

	4
	Annotated bibliography format; Library research; Annotated bibliography assigned

	5
	Reference styles; Summary/annotation writing

	6
	Academic writing; Synthesis paper assigned

	7
	Synthesis paper writing; Citation styles

	8
	Professional memo writing; Professional memo assigned

	9
	Tables and graphs; Grammar lesson over major weaknesses

	10
	Management plan format; Descriptive writing; Management plan assigned

	11
	Management plan writing; Scanning, indexes

	12
	Lab report format; Lab report: introduction; Lab report assigned

	13
	Lab report: methods, equations editor, results

	14
	Lab report: discussion, abstract, appendix

	15
	Instructor consultations on lab report

	16
	Lab report due


Table 2.  Verb use (arranged alphabetically, standardized per 1000 words) in student reports in the Writing in Forestry course (n=24 reports) and 500 refereed forestry research articles.  
	Verb
	Student reports
	Articles
	Verb continued
	Student reports
	Articles

	accept
	0.000
	0.428
	realize
	0.000
	0.043

	acknowledge
	0.000
	0.045
	recognize
	0.027
	0.140

	add
	0.240
	0.151
	remark
	0.000
	0.018

	admit
	0.000
	0.008
	reply
	0.000
	0.001

	argue
	0.000
	0.071
	report
	0.053
	0.672

	assert
	0.000
	0.017
	reveal
	0.107
	0.191

	assume
	0.133
	0.382
	say
	0.160
	0.063

	claim
	0.027
	0.978
	show
	6.233
	1.599

	complain
	0.000
	0.004
	speculate
	0.000
	0.011

	conclude
	0.240
	0.132
	state
	0.453
	0.155

	contend
	0.000
	0.114
	stress
	0.107
	0.169

	demonstrate
	0.186
	0.209
	suggest
	0.186
	0.760

	discover
	0.027
	0.025
	think
	0.346
	0.104

	establish
	0.053
	0.473
	write
	0.000
	0.006

	explain
	0.213
	0.432
	
	
	

	feel
	0.107
	0.055
	Sum
	14.447
	13.801

	find
	2.636
	1.186

	hold
	0.000
	0.115

	hope
	0.053
	0.030

	hypothesize
	0.107
	0.056

	identify
	0.213
	0.458

	illustrate
	0.266
	0.902

	imply
	0.027
	0.118

	indicate
	0.080
	0.875

	infer
	0.000
	0.045

	insist
	0.000
	0.003

	know
	0.455
	0.199

	maintain
	0.107
	0.280

	mean
	0.033
	0.233

	mention
	0.133
	0.074

	note
	0.373
	0.293

	observe
	0.453
	0.731

	point out
	0.000
	0.042

	posit
	0.000
	0.004

	postulate
	0.000
	0.127

	predict
	0.586
	0.409

	propose
	0.000
	0.071


Table 3. Most-used 35 verbs (ranked and standardized per 1000 words) in student reports in the Writing in Forestry course (n=24 reports) and 500 refereed forestry research articles. 
	Student reports 
	Use per 1000 words
	Articles 
	Use per 1000 words

	show
	6.233
	show
	1.599

	find
	2.636
	find
	1.186

	predict
	0.586
	claim
	0.978

	know
	0.455
	illustrate
	0.902

	observe
	0.453
	indicate
	0.875

	state
	0.453
	suggest
	0.760

	note
	0.373
	observe
	0.731

	think
	0.346
	report
	0.672

	illustrate
	0.266
	establish
	0.473

	add
	0.240
	identify
	0.458

	conclude
	0.240
	explain
	0.432

	explain
	0.213
	accept
	0.428

	identify
	0.213
	predict
	0.409

	demonstrate
	0.186
	assume
	0.382

	suggest
	0.186
	note
	0.293

	say
	0.160
	maintain
	0.280

	assume
	0.133
	mean
	0.233

	mention
	0.133
	demonstrate
	0.209

	feel
	0.107
	know
	0.199

	hypothesize
	0.107
	reveal
	0.191

	maintain
	0.107
	stress
	0.169

	reveal
	0.107
	state
	0.155

	stress
	0.107
	add
	0.151

	indicate
	0.080
	recognize
	0.140

	establish
	0.053
	conclude
	0.132

	hope
	0.053
	postulate
	0.127

	report
	0.053
	imply
	0.118

	mean
	0.033
	hold
	0.115

	claim
	0.027
	contend
	0.114

	confirm
	0.027
	think
	0.104

	discover
	0.027
	confirm
	0.094

	imply
	0.027
	mention
	0.074

	recognize
	0.027
	propose
	0.071

	accept
	0.000
	argue
	0.071

	acknowledge
	0.000
	say
	0.063


Table 4.  Use of linking adverbials (arranged alphabetically, standardized per 1000 words) in student laboratory reports in the Writing in Forestry course (n=24 reports) and 500 refereed forestry research articles.   
	Linking adverbial
	Student reports
	Articles

	also
	2.103
	2.360

	although
	0.240
	0.800

	anyway
	0.000
	0.003

	as well (as)
	0.399
	0.539

	e.g.
	0.000
	1.111

	finally
	0.266
	0.194

	for example
	0.266
	0.583

	for instance
	0.000
	0.095

	furthermore
	0.053
	0.180

	hence
	0.000
	0.160

	however
	0.719
	1.610

	i.e.
	0.000
	0.614

	in addition
	0.133
	0.361

	likewise
	0.000
	0.037

	nevertheless
	0.027
	0.107

	on the other hand
	0.027
	0.103

	rather
	0.053
	0.339

	similarly
	0.027
	0.147

	so
	0.772
	0.482

	then
	2.024
	0.595

	therefore
	0.213
	0.626

	though
	0.107
	0.198

	thus
	0.107
	0.710

	yet
	0.053
	0.171

	
	
	

	Sum
	7.589
	12.125


Table 5.  Most-used 24 linking adverbials (ranked and standardized per 1000 words) in student laboratory reports in the Writing in Forestry course (n=24 reports) and 500 refereed forestry research articles.  
	Student reports
	Use per 1000 words
	Articles
	Use per 1000 words

	also
	2.103
	also
	2.360

	then
	2.024
	however
	1.610

	so
	0.772
	e.g.
	1.111

	however
	0.719
	although
	0.800

	as well (as)
	0.399
	thus
	0.710

	finally
	0.266
	therefore
	0.626

	for example
	0.266
	i.e.
	0.614

	although
	0.240
	then
	0.595

	therefore
	0.213
	for example
	0.583

	in addition
	0.133
	as well (as)
	0.539

	though
	0.107
	so
	0.482

	thus
	0.107
	in addition
	0.361

	furthermore
	0.053
	rather
	0.339

	rather
	0.053
	though
	0.198

	yet
	0.053
	finally
	0.194

	nevertheless
	0.027
	furthermore
	0.180

	on the other hand
	0.027
	yet
	0.171

	similarly
	0.027
	hence
	0.160

	anyway
	0.000
	similarly
	0.147

	e.g.
	0.000
	nevertheless
	0.107

	for instance
	0.000
	on the other hand
	0.103

	hence
	0.000
	for instance
	0.095

	i.e.
	0.000
	likewise
	0.037

	likewise
	0.000
	anyway
	0.003


Figure 1.  Distribution of verb use (standardized per 1000 words) in A) student reports in the Writing in Forestry course (n=24 reports) and B) 500 refereed forestry research articles.  
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Figure 2.  Distribution of use of linking adverbials (standardized per 1000 words) in A) student laboratory reports in the Writing in Forestry course (n=24 reports) and B) 500 refereed forestry research articles.  
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