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A BSTRACT  
The   Department   of   Chemistry   at   the   University   of   California,   Irvine   (UCI)   instituted   an  

upper-division   “Writing   for   Chemists”   course   in   fall   2017   that   fulfills   part   of   UCI’s   writing  

graduation   requirement.   During   the   2019-2020   school   year,   we   re-designed   the   course   using   a  

specifications   grading   system   with   the   following   goals:   1)   to   teach   students   how   to   develop   their  

own   writing   practice,   while   mastering   chemistry   discipline-specific   writing   conventions,   2)   to  

provide   students   with   frequent   and   constructive   instructor   and   teaching   assistant   (TA)  

feedback   by   providing   ample   revision   opportunities,   3)   to   increase   transparency   in   how  

students   can   achieve   course   SLOs,   and   4)   to   provide   students   with   consistent   and   clear  

assessment   rubrics.   This   specifications   grading   approach   uses   a   high-pass,   low-pass,  

unsatisfactory   system   predicated   on   whether   students   meet   a   certain   number   of   criteria   for  

each   assignment.   Achievement   of   Student   Learning   Outcomes   (SLOs)   was   assessed   using  

criteria   instead   of   points   so   that   instructors   and   students   could   more   objectively   measure  

student   learning.   Standardized   rubrics   and   a   student   grade   tracker   helped   students  

understand   the   relationship   between   meeting   criteria,   achieving   SLOs,   and   earning   grades.  

Students   completed   surveys   at   the   end   of   the   course   to   determine   if   their   writing   habits   and  

attitudes   towards   writing   changed.   After   the   course,   students   self-reported   increased  

propensities   to   pre-write   and   edit,   and   several   students   mentioned   that   they   appreciated   the  

transparency   of   the   specifications   rubrics   and   the   control   the   specifications   system   gave   them  

over   their   grades.  
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INTRODUCTION  
The   question   of   how   to   improve   the   communication   skills   of   chemistry   students   is   not   new  

and   has   been   noted   as   early   as   1943. 1     Specific   writing   challenges   faced   by   chemistry   students  

include   using   discipline-specific   language,   structuring   lab   reports   correctly,   searching   and  

reading   the   chemical   literature,   and   identifying   the   appropriate   audience   for   lab   reports   and  

other   writing   assignments. 2–12    Instructors   have   incorporated   various   teaching   strategies   to  

address   these   challenges,   such   as   incorporating   student   peer   reviews,   using   journal   articles   to  

improve   student   writing,   focusing   on   reflective   writing   rather   than   traditional   laboratory  
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reports,   and   teaching   writing   through   inquiry. 13–19    Some   teaching   strategies   involve   combining  

English   language   education   with   STEM   courses   to   help   students   improve   their   use   of  

discipline-specific   language,   presentation   of   arguments   and   data,   and   an   appropriate   writing  

style. 4,20    The   variety   of   writing   challenges   faced   by   students   in   chemistry   courses   suggests   that  

chemistry   programs   should   include   dedicated   upper-division   writing   courses   that   blend  

elements   of   composition   and   technical   writing   courses.  

At   the   University   of   California,   Irvine   (UCI),   students   have   the   option   to   complete  

upper-division   writing   instruction   in   their   major   field   of   study   as   part   of   a   campus-wide   Writing  

Across   the   Curriculum   model. 21,22    In   the   fall   of   2017,   the   Department   of   Chemistry   at   UCI  

created   an   upper-division   writing   course   (Chemistry   101W,   “Writing   for   Chemists”)   to   allow  

students   in   the   chemistry   major   to   fulfill   the   university’s   upper-division   writing   requirement   in  

their   home   department.   The   goals   of   the   course   were   to   introduce   students   to   the  

discipline-specific   writing   conventions   used   in   chemistry   and   to   train   students   in   searching,  

reading,   and   citing   the   chemical   literature.   

The   first   two   offerings   of   Chemistry   101W   focused   on   developing   writing   skills   that   could   be  

applied   to   any   writing   task   a   chemist   might   encounter,   from   preparing   a   CV   to   writing   the  

introduction   section   of   a   journal   article.    These   skills   included,   but   were   not   limited   to:  

communicating   results   with   writing   and   figures,   writing   proper   sentences   and   paragraphs,   and  

supporting   arguments   with   evidence.   These   writing   skills   are   immediately   useful   to   our  

students   as   they   move   into   more   writing-intensive   upper   division   chemistry   courses,   like   labs,  

and   are   necessary   for   a   variety   of   future   careers,   such   as   those   in   academia,   industry,   and  

science   communication.   

Chemistry   majors   beginning   their   upper-division   studies   are   often   several   years   removed  

from   their   most   recent   lower-division   writing   course.   The   writing   preparation   that  

undergraduates   received   prior   to   enrolling   in   our   course   provided   them   with   a   foundational  

knowledge   of   writing,   but   the   students   did   not   seem   prepared   for   the   conventions   and   styles  

relevant   to   the   chemistry   discipline.   In   addition,   any   training   in   chemistry   writing   that  

students   had   received   was   in   lower-division   laboratory   courses.   During   the   first   two   offerings   of  
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Chemistry   101W,   the   majority   of   our   students   did   not   make   connections   between   the   writing  

skills   they   had   learned   in   their   lower-division   writing   courses   and   the   writing   experiences   they  

were   having   in   our   course.   Many   students   struggled   to   communicate   discipline-specific  

material,   in   part   because   they   were   not   demonstrating   mastery   of   fundamental   writing   skills   —  

such   as   using   correct   standard   English   grammar,   writing   with   the   audience   in   mind,   and  

transitioning   clearly   between   sentences   and   paragraphs   —   or   they   did   not   connect   those   skills  

as   transferable   from   their   previous   writing   experiences   to   the   upper-division   chemistry   writing  

course. 23   

Students   entering   an   upper-division   chemistry   writing   course   are   asked   to   learn  

discipline-specific   conventions,   to   connect   these   new   skills   to   their   prior   knowledge,   and   to  

consider   how   their   writing   will   be   understood   by   an   audience.   Students   who   are   trying   to   hone  

their   fundamental   writing   skills   while   attempting   to   adjust   to   academic   writing   will   have  

multiple   demands   —   such   as   recalling   prior   knowledge,   learning   new   conventions,   and  

generating   new   ideas   —   placed   on   their   working   memory. 24    This   situation   leaves   students  

susceptible   to   cognitive   overload   and   potentially   reduces   the   quality   of   work   of   which   they   are  

capable. 24–26     Additionally,   students   struggle   to   transfer   writing   skills   between   different   courses,  

especially   if   they   cannot   recognize   that   writing   tasks   in   discipline-specific   courses   require  

knowledge   they   acquired   in   their   first-year   composition   courses. 23,27–30   

In   fall   2019   we   created   a   new   version   of   Chemistry   101W   that   was   designed   to   reinforce  

writing   skills   and   practices   while   introducing   discipline-specific   writing   conventions,   and   we  

have   now   offered   the   new   course   twice.   The   course   was   redesigned   within   the   framework   of   the  

following   course   goals:  

1. Teach   students   how   to   develop   their   own   writing   practice,   while   mastering   chemistry  

discipline-specific   writing   conventions.  

2. Provide   students   with   frequent   and   constructive   instructor   and   teaching   assistant   (TA)  

feedback   by   providing   ample   revision   opportunities.  
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3. Increase   transparency   in   how   students   can   achieve   course   Student   Learning   Outcomes  

(SLOs).  

4. Provide   students   with   consistent   and   clear   assessment   rubrics.  

We   redesigned   Chemistry   101W   to   emphasize   writing   skills   and   practices   in   the   course  

curricula   and   to   facilitate   student   revision   opportunities   and   achievement   of   SLOs.   We   adapted  

assignments   from   a   textbook   on   the   practice   of   nonfiction   writing, 31     and   we   designed   rubrics  

using   a   specifications   grading   system.   Specifications   grading   has   been   used   in  

writing-intensive   courses    in   disciplines   ranging   from   political   science   to   mathematics. 32–39  

Specifications   grading   has   also   been   used   in   lower-division   chemistry   courses, 40,41    but   to   our  

knowledge,   this   is   the   first   example   of   an   upper-division   chemistry   writing   course   organized  

with   a   specifications   grading   sytem.   Students   were   surveyed   at   the   end   of   the   course   to  

determine   their   opinions   on   the   practice   of   writing   and   the   specifications   grading   system.  

Students’   free-response   comments   revealed   emerging   trends   regarding   students’   writing  

practices.  

COURSE   DESIGN  
To   refocus   Chemistry   101W   on   general   writing   skills   and   chemistry   writing   conventions,   we  

designed   the   course   using   a   guidebook   on   nonfiction   writing,    The   Writer’s   Practice:   Building  

Confidence   in   Your   Nonfiction   Writing . 31    The   writing   experiences   from   the   guidebook   were  

adapted   to   focus   more   on   general   science   and   chemistry-specific   topics.   We   also   created   new  

assignments   that   encouraged   students   to   connect   academic   and   discipline-specific   writing.   

To   clarify   the   SLOs   associated   with   each   assignment,   we   used   a   specifications   grading  

system   for   assessment.   Specifications   grading   is   a   modern   approach   to   assess   student  

achievement   of   SLOs. 32    In   a   specifications   grading   system,   the   instructor   develops   a   set   of  

criteria   based   on   SLOs   that   students   must   meet   to   achieve   a   specific   grade   in   the   course.   The  

specifications   grading   rubrics   are   designed   to   be   more   transparent   and   less   subjective   than   a  

traditional   points-based   rubric.   The   criteria   that   students   must   meet   informs   them   not   only   on  

what   they   are   being   evaluated,   but   also   where   they   need   to   improve   to   achieve   the   SLOs   for   a  
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given   assignment.   In   addition,   grading   with   a   specifications   rubric   should   be   faster   and   more  

consistent   between   instructors,   allowing   more   instructor   feedback   and   student   revision  

opportunities   to   be   offered   over   the   course   of   an   academic   term. 8    This   grading   system   addresses  

our   second   course   goal:    to   provide   students   with   frequent   and   constructive   instructor   and   TA  

feedback   by   giving   ample   revision   opportunities.  

On   each   assignment,   students   could   earn   a   high-pass,   low-pass,   or   unsatisfactory  

assessment   by   meeting   a   defined   set   of   criteria.   The   criteria   were   based   on   the   SLOs   for   a   given  

assignment,   but   were   often   similar   to   criteria   for   other   assignments.   The   rubrics   were   kept  

similar   from   assignment   to   assignment,   which   helped   students   acclimate   to   the   new   grading  

system.   Using   criteria   instead   of   points   to   assess   student   achievement   of   SLOs   enabled  

students   and   instructors   to   measure   student   learning.   Students   had   access   to   standardized  

rubrics   and   a   student   grade   tracker   to   clarify   the   relationship   between   meeting   criteria   and  

earning   final   course   grades   (see   the   Supporting   Information   for   the   student   grade   tracker).  

 

Student   Learning   Outcomes   for   Chemistry   101W  
For   a   course   at   UCI   to   fulfill   the   upper-division   writing   requirement,   it   must   meet   several  

guidelines. 22    Students   who   complete   the   course   must   demonstrate   proficiency   in  

discipline-specific   research   methods,   genres,   and   formal   conventions.   Students   must   develop  

information   literacy   skills   appropriate   to   the   discipline,   and   they   must   produce   a   final   work   of  

revised   writing   for   an   appropriate   audience   (academic,   public,   or   professional).   Guided   by   these  

expectations,   the   original   version   of   Chemistry   101W   was   designed   to   align   with   the   SLOs  

shown   in   Table   1.   These   SLOs   did   not   change   during   the   redesign   of   Chemistry   101W.   The  

redesigned   course   was   organized   with   the   modules   of   Professional   Skills,   Engaging   with   the  

Chemical   Literature,   Writing   Mechanics,   Scientific   Ethics,   and   Presentations   on   the   course  

learning   management   system   (LMS)   to   align   with   the   SLOs   (Table   1).  
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Table   1.   Course   modules   and   associated   SLOs  

Course   Student   Learning   Outcomes  
After   successful   completion   of   this   course,   students   will   be   able   to:  

1. Create   professional   papers,   proposals,   reports,   and   other   forms   of   scientific   writing.  

2. Efficiently   search   the   chemical   literature   and   other   sources   relevant   to   chemistry  
researchers.  

3. Communicate   the   results   of   experiments   and   the   meaning   of   data   in   both   written   and  
oral   formats.  

Course   Modules    Associated   SLOs  

Professional   Skills   1,   2  

Engaging   with   the   Chemical  
Literature  

1,   2  

Writing   Mechanics   1,   3  

Scientific   Ethics   1,   2,   3  

Presentations   2,   3  

Specifications   Grading   System  
The   goals   of   Chemistry   101W   are   to   train   students   in   the   practice   of   writing   in   the  

chemistry   discipline,   to   provide   students   feedback   and   revision   opportunities,   to   have  

transparent   SLOs,   and   to   provide   consistent   and   clear   assessment   rubrics.   To   align   course  

assessment   with   these   goals,   we   designed   discrete   assessment   categories   (Table   2).   Small  

writing   assignments   (less   than   500   words)   and   “complete   or   incomplete”   assignments   are  

included   as   formative   assessments   to   provide   students   with   lower-stakes   writing   practice   and  

opportunities   for   feedback.   Large   writing   assignments   are   designed   as   summative   assessments  

to   determine   students’   abilities   to   synthesize   their   knowledge   into   the   following   pieces   of  

writing:   a   cover   letter   to   accompany   a   job   or   graduate   school   application,   an   essay   on   scientific  

ethics,   and   journal-style   experimental   and   introduction   sections   that   follow   the    ACS   Style  

Guide .   These   large   writing   assignments   comprise   1000   words   minimum,   as   the   writing  

program   at   UCI   requires   that   students   submit   4000   words   of   edited   writing.   Reading   helps  

students   improve   as   writers, 42–45    so   reading   and   reflection   assignments   were   also   included   as   a  

formative   assessment   category.   Lecture   and   presentation   participation   categories   are   tracked   to  

incentivize   student   engagement   because   most   class   meetings   include   discussion   and   group  
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work,   which   only   benefit   students   if   they   attend   class   and   participate.   Presentations   and   the  

final   presentation   are   included   as   formative   and   summative   assessment   categories   to   train  

students   not   only   in   written   communication,   but   also   in   oral   communication   and   active  

listening.   Table   2   shows   the   total   number   of   high-   or   low-passes   students   must   earn   in   each  

evaluation   category   to   achieve   a   specific   final   letter   grade   in   the   course.   

 
   



Table   2.   Course   letter   grade   requirements   for   each   assessment   category  
  
  Criteria   Met   to   Earn   Letter   Grade  

Assessment   Category   A   B   C   D  

Small   Writing   Assignments  
(19   total)  

17  
high-pass   +   no  
unsatisfactory  

14  
high-pass   OR  
13   high-pass   +  

4   low-pass  

11  
high-pass   OR  
15   low-pass  

<   11  
high-pass   OR  
15   low-pass  

Large   (1000-Word)   Writing  
Assignments   (4   total)  

3   high-pass  
+   1   low-pass   4   low-pass   3   low-pass   <   3   low-pass  

(no   high-pass)  

Readings   &   Reflections  
(17   total)   16   complete   15   complete   13   complete   <13  

complete  

Complete/   Incomplete  
Assignments   

(17   total)  
15   complete   13   complete   12   complete   <12  

complete  

Presentations  
(5   total)   4   high-pass   2   high-pass  

+   2   low-pass   4   low-pass   <4   low-pass  

Presentation   Participation   4  
satisfactory  

4  
satisfactory  

3  
satisfactory  

<3  
satisfactory  

Lecture   Participation   5   complete   4   complete   2   complete   <2   complete  

Final   Paper   high-pass   low-pass   not   required   not   required  

 

Students   were   provided   with   the   criteria   they   had   to   meet   to   earn   a   given   course   letter  

grade,   including   plus   and   minus   grades   (see   the   Supporting   Information   for   the   full   student  

grade   tracker).   For   simplicity,   Table   2   only   shows   whole   letter   grades.   To   earn   a   specific   letter  

grade,   students   must   pass   each   evaluation   category   at   a   defined   threshold.   Categories   include  

formative   and   summative   assessments   we   deem     necessary   for   the   students   to   achieve   course  



SLOs;   the   participation   categories   are     the   only   evaluation   categories   that   do    n ot   fall   under  

formative   or   summative   assessment   types.   

To   provide   additional   opportunities   to   revise   and   resubmit   writing   assignments   and   to   give  

students   flexibility   and   increased   agency   over   their   learning,   we   implemented   an   intangible  

token   economy   for   the   course. 32,46    Each   student   began   the   course   with   three   tokens.   Students  

could   earn   additional   tokens   by   filling   out   surveys,   revising   and   resubmitting   several   of   the  

small   writing   assignments,   or   keeping   a   reading   log   of   chemistry   journal   articles.   Students  

could   redeem   tokens   for   an   opportunity     to   submit   an   assignment   late,   to   resubmit   a   revised  

assignment,   or   to   replace     a   low-pass   assessment   with   a   high-pass.   A   full   list   of   the   token  

trade-in   rules   is   included   in   the   Supporting   Information.   Every   student   in   both   offerings   of   the  

course   used   at   least   some   tokens   to   improve   their   grades   or   offset   late   penalties.   We   managed  

the   token   economy   using   the   Assignments   feature   in   the   course   LMS.   Token   balances   were  

updated   directly   in   the   gradebook,    which   resulted   in   minimal   management   time   required   from  

the   instructor   and   course   TA.  

Specifications   Grading   Rubric   Design  
The   new   specifications   grading   rubrics,   like   the   course   grading   system,   were   designed   to  

align   with   the   course   goals   and   SLOs,   particularly   the   third   course   goal:   to   increase  

transparency   in   how   students   can   achieve   course   SLOs.   Two   template   rubrics   —   one   for   small  

writing   assignments   and   one   for   large   writing   assignments   —   were   constructed   to   provide   a  

consistent   grading   system     for   students   (Table   3)   and   to   address   the   fourth   course   goal:   to  

provide   students   with   consistent   and   clear   assessment   rubrics.   These   templates   were   used   for  

the   majority   of   course   assignments   and   were   adjusted   as   needed   to   better   assess   assignments  

for   which   learning   outcomes   did   not   fit   well   in   either   template,   such   as   presentation   rubrics  

(see   Supporting   Information   for   examples   of   alternative   rubrics).   Each   template   was   divided  

into   three   main   categories   —   Sentence   Level,   Paragraph   Level,   and   Assignment   Level   criteria   —  

that   were   common   to   all   assignments.     
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Table   3.   Specifications   grading   rubrics   for   small   and   large   writing   assignments  
 

Small   Writing   Assignment  
Rubric   Criteria    Met   Not  

Met  
Large   Writing   Assignment   

Rubric   Criteria   Met   Not  
Met  

Sentence   Level :   The   writing   is  
grammatically   correct   according  
to   the   rules   of   Standard   Edited  
Written   English.  

▢   ▢  

Sentence   Level :   The   writing   is  
grammatically   correct   according   to  
the   rules   of   Standard   Edited  
Written   English.  

▢   ▢  

Sentence   Level :   Words   are  
spelled   and   used   correctly.    ▢   ▢   Sentence   Level :   Words   are   spelled  

and   used   correctly.    ▢   ▢  

Sentence   Level :   Sentences   are  
constructed   correctly   according  
to   the   rules   of   Standard   Edited  
Written   English.  

▢   ▢  

Sentence   Level :   Sentences   are  
constructed   correctly   according   to  
the   rules   of   Standard   Edited  
Written   English.  

▢   ▢  

Paragraph   Level :   Each   paragraph  
has   a   clear   and   coherent   topic  
sentence.  

▢   ▢  
Paragraph   Level :   Each   paragraph  
has   a   clear   and   coherent   topic  
sentence.  

▢   ▢  

Paragraph   Level :   Each   paragraph  
has   one   clear   and   coherent   main  
idea   that   relates   to   the   thesis   of  
the   piece   of   writing.  

▢   ▢  

Paragraph   Level :   Each   paragraph  
has   one   clear   and   coherent   main  
idea   that   relates   to   the   thesis   of   the  
piece   of   writing.  

▢   ▢  

Assignment   Level :   The   writer  
clearly   addresses   the   intended  
audience.  

▢   ▢  
Paragraph   Level :   The   order   and   flow  
of   paragraphs   is   clear   and   logical.   ▢   ▢  

Assignment   Level :   The   author  
adequately   responds   to   all   parts  
of   the   assignment.  

▢   ▢  
Assignment   Level :   The   writer   clearly  
addresses   the   intended   audience.   ▢   ▢  

      Assignment   Level :   The   thesis   of   the  
work   is   supported   by   the   rest   of   the  
paper.  

▢   ▢  

      Assignment   Level :   The   writer   clearly  
supports   all   assertions   with  
evidence.  

▢   ▢  

      Assignment   Level :   The   writer   has  
constructed   a   consistent   and  
coherent   narrative.   

▢   ▢  

High-Pass:  
Low-Pass:    
Unsatisfactory:  

     6/7  
     5/7  
   ≤   4/7   

  High-Pass:  
Low-Pass:  
Unsatisfactory:  

8/10  
6/10  

≤   5/10  

 

 
 

The   specifications   grading   rubrics   display   the   number   of   criteria   students   must   meet   to  

achieve   a   high-pass,   low-pass   or   unsatisfactory   on   each   assignment;   the   numbers   vary   by  

rubric   type   (Table   3).   For   small   writing   assignments,   the   last   criteria,   “the   author   adequately  

responds   to   all   parts   of   the   assignment,”   is   used   to   assess   whether   students   address   all  



specific   goals   of   individual   assignments.   Those   specific   goals   are   described   in   each   assignment  

prompt   on   the   course   LMS   (all   prompts   given   to   students   in   our   course   can   be   found   in   the  

Supporting   Information).   Large   writing   assignments   are   assessed   with   more   criteria   as   they  

have   more   learning   objectives   associated   with   them   and   students   must   go   through   a   process   of  

revision   and   resubmission   when   completing   them.   The   first   drafts   are   ungraded   and   receive  

extensive   comments   on   writing   for   an   appropriate   audience,   paragraph   organization,   and   thesis  

continuity   and   unity   throughout   the   piece   of   writing. 47    The   final   drafts   are   graded   using   the  

large   writing   assignment   rubric.  

Assignment   Design  
Most   of   the   small   writing   assignments   were   adapted   from   writing   experiences   in   John  

Warner’s    The   Writer’s   Practice . 31    Warner   designed   his   book   as   a   guide   to   practice   the   art   of  

writing,   with   particular   emphasis   on   purpose   and   target   audience.   Chemistry   students   can  

benefit   from   developing   their   own   writing   practice   with   these   emphases,   as   communicators   of  

science   must   consider   their   purpose   and   audience   carefully   to   write   a   coherent,   logical,   and  

engaging   piece. 27,48    Warner’s   method   of   thinking   about   writing   also   agrees   with   UCI’s   guidelines  

for   an   upper-division   writing   course,   and   addresses   the   frequently   observed   difficulty   that  

undergraduate   students   have   when   structuring   a   chemistry   paper   and   identifying   the  

appropriate   audience. 2–12  

In    The   Writer’s   Practice ,   each   writing   experience   is   generally   divided   into   a   series   of  

steps ( Audience ,    Process ,    Reflect ,   and    Remix )   to   teach   students   the   cognitive   and   practical   steps  

they   must   take   when   writing   for   any   genre   or   discipline.   In   Chemistry   101W,   using   these  

writing   experiences   as   templates   for   our   assignments   allows   us   to   emphasize   the   importance   of  

a   writing   process   where   students   plan,   draft,   revise,   edit,   polish,   and   reflect   on   their   own  

writing.   The   writing   experiences   in   the   guidebook   were   not   specific   to   scientific   writing,   so   they  

were   adapted   to   focus   on   scientific   and   chemistry   topics.   Scaffolding   course   assignments   so  

that   students   have   to   perform   a   series   of   P rocess    steps     in   each   small   writing   assignment  

addresses   our   first   course   goal:   to   teach   students   how   to   develop   their   own   writing   practice,  

while   mastering   chemistry   discipline-specific   writing   conventions.   
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Assignment   Design   Example  

 
The   adapted   writing   experiences   meet   the   course   SLOs   for   Chemistry   101W   because   they  

represent   chemistry-specific   and   professional   development   writing   tasks.   The   required   changes  

to   the   writing   experiences   in    The   Writer’s   Practice    were   minimal   (Tables   4,   S2-S5).   In   the  

example   described   below,   the   guidebook   “How   do   I…?”   writing   experience   was   adapted   to   guide  

students   through    writing    an   experimental   section   of   a   laboratory   report   or   journal   article.   In  

the   adapted   assignment,   students   were   asked   to   describe   important   experimental   details   and  

to   consider   audience   expectations   (SLOs   1   and   3,   Table   1).   This   assignment   also   required  

students   to   briefly   search   the   scientific   literature   to   find   examples   of   how   other   authors   have  

accomplished   the   same,   or   a   similar,   writing   task   (SLO   2,   Table   1).   Students   received     feedback  

on   their   adapted   assignment   from   the   specifications   grading   rubrics   (Table   3)   completed   by   the  

instructor.  

   



Table  4.  Adapting  the  Process  steps  of The  Writer’s  Practice  “How  Do  I…?”  writing  experience  for  a                                  
chemistry   writing   assignment  

Writing  
Experience  

Process   Step  

Guidelines   from   
The   Writer’s   Practice  

Adapted   Assignment   Guidelines  
used   in   Chemistry   101W*  

1.   Select   Subject  
What  one  skill  do  you  think  best  lends  itself  to                    
this  particular  writing-related  problem?  Why          
have   you   chosen   that   skill?  

Same  questions,  with  the  stipulation          
that  students  had  to  write  about  a              
chemistry   experiment.  

2.   Plan  
A  good  way  of  preparing  to  write  the  solution  to                    
this  writing-related  problem  is  to  do  the  action                
itself   while   taking   careful   notes   along   the   way.  

Students  do  not  submit  a  response  for              
this  step,  but  they  are  prompted  to              
think   about   it.  

3.   Audience  
Analysis  

Who  is  your  audience?  What  might  their              
attitudes  be  toward  this  task?  What  is  their                
background  knowledge,  and  what  background          
knowledge   is   required?  

Same   questions.  

4.   Find   and   Analyze  
Models  

Look  for  models  that  serve  similar  purposes.              
Stay  away  from  ones  too  closely  related  to  your                  
own  task  to  prevent  unintentional  copying.  How              
are  these  models  formatted  and  structured?            
How  do  they  begin?  How  is  the  information                
conveyed?  

Same  questions;  in  addition,  students          
must  provide  at  least  one  citation  to  a                
peer-reviewed  journal  article  that        
works   as   a   model.  

5.   Draft   Doing  your  best  to  meet  your  audience’s  needs,                
draft   your   document.  

Instead  of  a  full  draft,  students  write  a                
detailed  outline  of  their  experimental          
procedure.  

 
*Our  purpose  for  adapting  this  exercise  was  to  help  students  start  thinking  about  how  to  craft  an                                  
experimental   section   that   they   would   include   in   a   thesis   or   journal   article.  
 

In   the   unmodified   “How   do   I…?”   writing   experience,   the   student   is   first   asked   to   consider  

the   background   of   the    Audience ,   to   identify   what   the   audience   wants   to   know,   and   to  

determine   how   to   best   communicate   with   that   audience.   For   the   adapted   writing   assignment,  

our   students   were   given   a   prompt   that   specified   that   their   audience   would   be   peers   in   their  

chemistry   courses.   In   the   adapted   assignment,   the   students   were   then   introduced   to   the  

Process    of   writing   their   instructions     (steps   2-4   in   Table   4).   As   part   of   the    Process    step,   the  

students   were   advised   to   read   examples   of   experimental   procedures   and   to   create   a   draft   of  

their   procedure.   They   wrote   and   formatted   their   experimental   procedure   using   technical  

conventions   described   in   the    ACS   Style   Guide . 49    The   final   steps   of   the    Process    for   the   adapted  

assignment   prompt   the   students   to     revise   their   draft   based   on   feedback   received   through   peer  

editing,   and   then   to   polish     the   edited   draft   to   eliminate   remaining   errors.   
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When   our   students   submitted   their   final   draft   of   the   adapted   “How   do   I…?”   assignment,  

they   also   described   how   they   completed   each    Process    step   (Table   4). Note   that   the   third   step   in  

the    Process    asks   students   to   analyze   the   background   and   motivations   of   their   audience;   this   is  

complementary   to   the    Audience    step   that   students   had   already   completed.   In   the   last   two   steps  

of   the   original   writing   experience,   Warner   asks   the   students   to    Reflect    on   their   writing,   and   to  

Remix    it   by,   for   example,   adapting   it   for   another   medium   such   as   social   media.   In   our  

assignment,   students   did   not    Remix    their   submission.   Students    were   instructed   to    Reflect    on  

their   “How   do   I…?”   assignment   submissions   when   working   on   the   Experimental   section   large  

writing   assignment.   The   specifications   rubric   (Table   3)   was   available   to   students   throughout  

the   process,   prompting   them   to   think   about   eliminating   grammatical   errors   and   to   determine  

whether   they   had   addressed   their   audience   properly,   structured   their   paragraphs   correctly,  

and   addressed   other   items   specified   in   the   rubric.  

 

STUDENT   PERCEPTIONS   AND   LESSONS   LEARNED  
The  specifications  grading  system  has  been  used  in  two  course  offerings  of  Chemistry                          

101W,  in  fall  2019  (taught  by  K.J.M.)  and  winter  2020  (taught  by  M.A.M.).  To  determine                              

students’  perceptions  about  the  practice  of  writing  in  a  course  with  a  specifications  grading                            

system,  students  were  surveyed  after  the  course  concluded  with  open-ended  questions  (see  the                          

Supporting  Information  for  the  survey  questions).  Collection  of  student  survey  data  was                        

approved  by  UCI’s  Institutional  Review  Board  ( HS#2018-4211,  e-Mod#  25389 ).  Between  the                      

two  course  offerings,  19  out  of  34  students  responded  to  the  survey.  Comments  from  the  free                                

response  questions  allowed  us  to  identify  trends  in  students’  opinions  about  the  structure  of                            

the  course  and  the  specifications  grading  system (Table  5).  The  results  from  our  survey  do  not                               

imply  improved  student  writing  proficiency;  they  are  included  here  to  demonstrate  only  how                          

the   students   felt   about   the   new   course.  

 

 



Table   5.   Trends   from   student   feedback   to   free-response   survey   questions  

Positive   Responses   Concerns  

Final   grade   expectations   were   clear   and   specific,   
students   knew   what   to   do   to   earn   the   grade   they  
wanted  

System   is   nerve-wracking   because   it   is   easy   
to   be   dropped   a   grade-level  

Grading   helped   students   identify   how   to   improve  
their   writing   

Passing   thresholds   set   too   high  
 

Having   the   opportunity   to   submit   multiple   drafts  
was   helpful  

Grading   system   does   not   adequately   reward   
effort   /   time   spent  

Found   token   system   helpful    

 

Students   reported   favoring   the   specifications   grading   system   in   general.   Many   of   them  

commented   that   the   specifications   grading   system   made   them   more   aware   of   the   course  

expectations   (Table   5)   —   one   of   our   original   motivations   for   using     specifications   grading.  

Another   goal   of   the   course   redesign   was   to   encourage   students   to     revise   and   edit   their   writing,  

and   most   of   our   students   reported   that   they   found   the   revision   process   useful.   Students   were  

required   to   revise   and   resubmit   all   four   of   the   large    writing    assignments,   and   they   could   earn  

tokens   by   polishing   and   resubmitting   several   small   writing   assignments.   They   could   also  

redeem   their   tokens   to   resubmit   other   small   writing   assignments   to   improve   a   low-pass   or  

unsatisfactory   assessment.   Feedback   was   provided   at   each   step   using   the   specifications  

grading   rubrics     and     written   comments   in   the   course   LMS.   Peer   feedback   was   also   available  

from   the   peer   review   portion   of   the   course.   Students   reported   that   the   course   helped   them  

develop   their   writing   skills   because   they   could   edit,   polish,   and   resubmit   multiple   drafts   of  

their   assignments.   All   student   comments   can   be   seen   in   the   Supporting   Information.  

While   many   student   comments   favored   the   specifications   grading   system,   some   common  

student   concerns   also   emerged   (Table   5).   Students   indicated   that   the   system   was   stressful  

because   of   the   ease   with   which   their   course   letter   grades   could   drop   when   they   received   either  

a   low-pass   or   unsatisfactory   assessment.   Many   students   expressed   concern   that   a   single  

unsatisfactory   or   low-pass   could   lower   their   grade.   These   concerns   apply   to   points-based  



grading   systems   as   well.   Students   also   felt   that   passing   thresholds   were   set   too   high   and   that  

the   grading   system   did   not   adequately   reward   student   effort   and   time   spent   on   assignments.  

While   effort   is   important   to   a   student’s   success   in   any   course,   objectively   measuring   effort   is  

challenging   in   any   grading   system.   These   comments   reinforce   the   importance   of   ensuring  

student   buy-in   for   any   grading   system   or   token   economy   that   is   unfamiliar   to   them.   

Some   students   who   voiced   concerns   about   the   grading   system   also   reflected   that   the   course  

improved   their   confidence   in   their   writing   ability,   which   has   been   reported   in   another   writing  

course   using   specifications   grading. 35     One   student   commented,   “I   personally   dislike   this  

grading   method   but   I   admit   that   it   forces   me   to   improve   my   writing   skills.”   Student   discomfort  

with   unfamiliar   educational   strategies   has   been   noted   in   courses   that   use   active   learning,  

where   students   report   disliking   the   course   structure   despite   learning   more   effectively. 50  

The   instructors’   perceptions   about   the   effectiveness   of   the   specifications   grading   system  

mirrored   those   of   the   students   who   saw   improvement   in   their   writing   ability.   Throughout   each  

course   offering,   we   observed   noticeable   improvements   in   student   performance   on   each   of   the  

course   SLOs   (Table   1).   Our   impression   is   that   students   were   more   likely   to   turn   in   papers   that  

demonstrated   mastery   of   standard   written   English   grammar,   spelling,   sentence   structure,   and  

paragraph   construction,   although   we   have   not   yet   attempted   to   quantify   this.   We   also   observed  

that   students   were   more   mindful   about   their   audience   and   the   purpose   behind   each   piece   of  

writing.   

The   specifications   grading   system   had   advantages   for   the   instructors   as   well   as   for   the  

students.   The   specifications   grading   rubrics   allowed   us   to   keep   grading   time   similar   to   prior  

non-specifications   grading   courses,   while   offering   students   more   opportunities   for   revision.  

Grading   with   the   specifications   rubric   is   more   efficient   because   there   is   no   need   to   decide  

among   levels   of   partial   credit,   as   when   using   points-based   rubrics. 32    The   student   responses  

and   our   observations   suggest   that   the   increased   feedback   and   clearer   grading   criteria   of  

specifications   grading   rubrics   help   students   improve   their   writing   skills,   understand   chemistry  

writing   conventions,   and   develop   a   personal   writing   process.  
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Our   students   indicated   that   they   were   new   to   a   specifications   grading   system   and   had  

trouble   grasping   how   to   track   their   grades.   Some   organic   chemistry   laboratory   courses   in   our  

department   use   a   specifications   grading   system   but   none   that   our   students   would   have   taken  

prior   to   our   course. 41    At   first,   our   students   struggled   to   calculate   their   anticipated   course   grade  

based   on   work   they   had   already   completed,   possibly   because   of   their   unfamiliarity   with   the  

grading   scheme.   To   alleviate   confusion,   we   spent   lecture   time   helping   students   use   the   student  

grade   tracker   to   calculate   their   anticipated   final   grade   at   different   times   during   the   quarter.   An  

additional   challenge   we   did   not   anticipate   was   that   our   LMS   was   not   designed   for   specifications  

grading.   In   future   course   offerings,   we   plan   to   teach   students   how   to   use   the   student   grade  

tracker   earlier   in   the   quarter   to   reduce   confusion   over   final   grade   calculations.   

While   we   plan   to   continue   using   this   course   format   for   future   offerings   of   Chemistry   101W,  

we   recognize   a   potential   issue   with   the   specifications   rubric   as   it   impacts   non-native   English  

speakers,   namely   the   all-or-nothing   nature   of   the   criteria   for   edited   standard   written   English.  

In   practice,   we   allowed   for   a   small   number   of   editing   mistakes,   so   that   students   could   focus   on  

the   structure   and   content   of   their   writing   rather   than   putting   all   of   their   effort   into   finding  

grammatical   errors. 51    We   will   explicitly   modify     the   rubrics   to   reflect   this   grading   practice   in   the  

future.   Presentation   rubrics   will   also   be   modified   to   focus   on   the   professionalism,   not   the  

grammatical   correctness,   of   spoken   English.  

We   have   also   considered   the   possibility   of   adapting   the   course   for   remote   delivery,   as   the  

COVID-19   pandemic   has   made   remote   instruction   a   current   necessity.   The   redesign   of   the  

course   did   not   involve   any   course   features   that   must   be   done   in-person,   which   makes   the  

course   compatible   with   remote   delivery.   Lectures   mainly   used   active   learning   teaching  

strategies   with   minimal   lecture   time,   so   asynchronous   videos   could   be   developed   with   little  

difficulty.   Since   assignment   feedback   is   given   with   rubrics   and   written   comments   on   the   course  

LMS,   most   aspects   of   the   redesigned   course   will   be   easily   delivered   online.    Additionally,   peer  

review   sessions   can   be   accomplished   using   video   conferencing   software   with   shared   electronic  
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documents.   We   anticipate   that   the   SLOs   and   course   goals   are   achievable   if   the   course   must   be  

delivered   remotely.    

CONCLUSION   AND   FUTURE   DIRECTIONS  
We   redesigned   an   upper-division   "Writing   for   Chemists"   course   to   focus   on   developing  

student   writing   skills   and   practices   in   addition   to   chemistry   discipline-specific   writing  

conventions.   We   designed   a   specifications   grading   system   and   adapted   writing   experiences  

from    The   Writer’s   Practice    to   provide   students   with   a   process   by   which   they   could   hone   their  

chemistry   writing   skills.   Students   were   able   to   practice   and   refine   their   writing   through  

multiple   rounds   of   instructor   and   TA   feedback   and   assignment   resubmission.   Student  

responses   to   survey   questions   indicated   that   they   thought   the   course   was   transparent   about  

how   students   could   earn   specific   grades   and   meet   the   course   SLOs,   and   that   the   grading  

rubrics   were   consistent   and   fair.    

Specifications   grading   proved   particularly   useful   for   grading   student   writing.   Beyond  

grading   standard   written   English   and   grammar   conventions,   assessing   writing   quality   can   be  

subjective.   Using   standardized   specifications   grading   rubrics   made   it   possible   to   assess  

student   writing   with   increased   consistency   and   hopefully   objectivity.   The   amount   of   time  

dedicated   to   grading   did   not   significantly   increase   despite   offering   students   more   opportunities  

for   revision   and   resubmission.   We   believe   specifications   grading   rubrics   would   be   useful   in  

other   chemistry   writing-focused   courses,   such   as   those   which   have   many   laboratory   reports.  

Despite   our   impressions   that   student   writing   improved   as   a   result   of   the   redesigned   course,   we  

do   not   include   any   quantitative   analysis   of   their   perceived   improvement.   In   the   future,   we   plan  

to   investigate   if   the   quality   of   student   writing   improved   as   a   result   of   the   redesigned   course  

structure.   
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