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Interventions for Supporting and Assessing Science Writing
Communication: Cases of Asian English Language Learners

Beverly L. Smith-Keiling'*, Lidia K. Swanson', and Joanne M. Dehnbostel?
'Department of Biochemistry, Molecular Biology, and Biophysics, Medical School and
College of Biological Sciences, 2University of Minnesota Minneapolis, MN 55455

In seeking to support diversity, one challenge lies in adequately supporting and assessing science cognitions
in a writing-intensive Biochemistry laboratory course when highly engaged Asian English language learners
(Asian ELLs) struggle to communicate and make novice errors in English. Because they may understand
advanced science concepts, but are not being adequately assessed for their deeper scientific understanding,
we sought and examined interventions. We hypothesized that inquiry strategies, scaffolded learning through
peer evaluation, and individualized tools that build writing communication skills would increase confidence.
To assess scientific thinking, Linguistic Inquiry Word Count (LIWC) software measured underlying analytic
and cognitive features of writing despite grammatical errors. To determine whether interventions improved
student experience or learning outcomes, we investigated a cross-sectional sample of cases within experi-
mental groups (n = 19) using a mixed-methods approach. Overall trends of paired t-tests from Asian ELLs’
prel/post surveys showed gains in six measures of writing confidence, with some statistically significant gains
in confidence in writing skill (p=0.025) and in theory (p<0.05). LIWC scores for Asian ELL and native-English-
speaking students were comparable except for increased cognitive scores for Asian ELLs and detectable
individual differences. An increase in Asian ELLs’ cognitive scores in spring/summer over fall was observed
(p = 0.04), likely as a result of greater cognitive processes with language use, inquiry-related interventions,
and peer evaluation. Individual cases further elucidated challenges faced by Asian ELL students. LIWC
scores of student writing may be useful in determining underlying understanding. Interventions designed
to provide support and strengthen the writing of Asian ELL students may also improve their confidence in
writing, even if improvement is gradual.

INTRODUCTION

Diversity originates from the richness of culture, lan-
guage, and insights from different perspectives. Yet, when
not communicated effectively through scientific writing, even
novel discoveries can be lost. To solve global challenges,
there are calls to action for broadening participation and
supporting diversity in science, technology, engineering,
and mathematics (STEM) graduates (I, 2). Nationally, the
percentage of STEM bachelor’s degrees awarded to Asians
is increasing (3). For this reason, the National Science
Foundation’s classification of underrepresented groups (4,
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5) does not include students from 48 different ethnicities
who identify as Asian-American, Pacific Islander, Southeast
Asian (Hmong, Cambodian, Laotian, and Vietnamese), some
of whom may nonetheless be underserved. Even some
who identify as East Asian (Chinese, Japanese, Korean) or
South Asian (Asian Indian and Pakistani)—whether native,
foreign-born, or visa-holders—may be among the growing
under-supported and overlooked populations of English
language learners (ELL), or L2 learners, for whom English is
a second language (6). Their increased participation in higher
education does not accurately represent challenges many
face as Asian-Americans working in STEM fields in the US;
in academia, as graduate teaching assistants, postdoctoral
fellows, or faculty; or as global partners after graduation (7).

Regardless of their origin, we must support our next
generation of scientists. We have the opportunity in a writing-
enriched laboratory course to use inquiry and various tools
to assess writing, both formatively and summatively. As part
of a University of Minnesota campus-wide Writing Enriched
Curriculum, the College of Biological Sciences (https://wec.
umn.edu/college-biological-sciences) builds upon introduc-
tory first-year and lower-level Writing-Intensive (WI) courses
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to culminate with upper-division WI credits in the major.
The students in our Biochemistry laboratory course for W]
and laboratory credit have varied backgrounds: continu-
ing education, transfer students having taken prerequisite
biochemistry courses elsewhere, and UMN students with
varying numbers of WI credits. It is expected that students
have moved beyond being novice writers—and most have.
However, just-in-time interventions are needed for students
who still struggle with science communication in English, the
de facto language of global science. In addition, educators need
methods to assess deeper knowledge and understanding of
scientific conceptions, cognitive reasoning, and analytic skills,
and to measure student ability to synthesize key concepts and
draw supported conclusions.

The crux lies in assessing highly engaged learners who
are technically well versed and may have mastered ad-
vanced science concepts, both cognitively and analytically,
but struggle in their pursuit of science because of enduring
language deficits in English. The transition from thinking in
LI (their native language) to making novice errors when com-
municating in L2 (English) can result in lower grades, lower
confidence, and higher stress. Educators need to know which
interventions to recommend for increasing student confi-
dence and ability, and how to grade objectively—a challenge
for educators with which computer-assisted tools can help.

Different approaches for student-centered learning sup-
port the rationale that ELL students become key developing
practitioners of learning rather than targets of teaching (8). We
adopted this exploratory practice framework: learners are
unique; those who take learning seriously learn effectively
with peers; and those able to make independent decisions
as practitioners of learning are key in their own develop-
ment within educator-developed interventions. This guided
our study to look beyond group trends. We focused on
individual barriers and assessed different interventions for
effectiveness in building communication. Traditionally, the
linguistic characteristics of L2 learners have been studied
based on individual differences, treating each learner as
distinct using computer-assisted technologies for assess-
ment (9). Educators can use resources about common
errors in syntax specific to LI languages to understand the
patterns of language use to help students in L2—Chinese
(10), Vietnamese, Korean (I1)—or common writing errors
in the adopted language while switching between LI and L2
(12). We used such resources in the individualized Asian ELL
interventions which launched our studies to examine hidden
themes within poorly written text. Each language has its own
style, and learners their own persona. More densely packed
informational writing, such as research reports, may present
a greater difficulty for L2 learners, but latent understanding
can be measured objectively (13).

Early studies of L2 learners proposed that latent com-
prehension begins with vocabulary and prior knowledge:
understanding a concept, knowing the theory, and learning
within a context. Within this knowledge hypothesis (14),
simple assessment methods used word analysis to understand
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ELL behavior during reading and writing in L2 (I15). Schema
theory, which states that knowledge is structured as lexical
units, puts language development and comprehension at the
psycholinguistic level in memory. People use prior knowl-
edge to understand the gist of meaning. It is easier for native
speakers with more lexical units to fill in the gaps than it is
non-native speakers. Hence, even when L2 writers use proper
terminology, the semantics may change. Access to language
affects the quality of the comprehension and the cognitive
strategies for analysis, including cognitive roles of selecting,
grouping, predicting, interpreting, and justifying terms found
on a grading rubric (16). When students have greater prior
knowledge and context, they may be able to compensate for
lack of vocabulary and skills to aid in comprehension.

Likewise, students’ writing, despite grammatical errors,
can still reveal deeper cognitions through word usage. This
underlying capacity can be measured by discourse study,
such as Latent Semantic Analysis, which calculates similarity
between words and texts (17), or Linguistic Inquiry and VWord
Count (LIWC), which categorizes word use into psychological
categories based on coded dictionaries useful for studying
emotional, cognitive, and structural components (18). These
analyses use a body of text, such as student reflective writings
or other writing assignments. Just as poems can be studied to
identify patterns of their writers, corpus linguistics (from the
Latin corpus, meaning body) is a methodological approach to
the study of language which involves transcribing and coding a
body of text or oral language. Semantic content analysis uses
automated text analysis of L2 learners’ work to understand
deeper linguistic and cognitive relationships; it is not used
to study language construction, but the learners themselves
by their use of words. By using dictionaries and themes to
detect word use, computer-assisted technologies allow ob-
jective standardized study of cognitive processes (19). Useful
information could be extracted from large corpora of text by
combining automated scoring with profiles of writing behavior,
patterns, or tendencies representative of groups (20, 2I)

In the Handbook of Discourse Analysis (22), several authors
reveal how communication “beyond the sentence” involves
not only the language, but also the nonlinguistic cultural and
social practices surrounding language. When taken together
in communication, it is natural, then, that different language
learners would write with differences in tone, semantics,
including concepts, feeling, culture and personality, and even
shift from their native writing cultural persona to write in
L2 (23).

Predictably, not all ELL students exhibit the same traits.
By examining their writing samples, first without looking at
student names or demographics and observing patterns,
then more deeply through case-study analysis (compared
with native-speaking lab partners), we chose a corpus linguis-
tics method to reveal deeper cognitions. Based on previous
analysis of a variety of writing samples (B.L. Smith-Keiling
and H.F. Hyun, submitted for publication), we posited that
we could objectively measure the comprehension of lab
exercises through analytical skills and cognitions needed
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in writing a manuscript-style discussion section, even with
grammar and scientific writing difficulties.

Developed by Pennebaker and extensively validated,
Linguistic Inquiry and Word Count (LIWC) has been used to
detect psychological processes underlying language learning,
both emotional affect and cognition (18, 19, 24-26). Writing
in L2 can induce stress and anxiety if mastery is not achieved.
This is measurable using word counts. The LIWC2015 software
(27, http://liwc.wpengine.com/) has four summary language
variables: Analytical Thinking, Clout, Authentic, and Emotional
Tone. Within these variables are domains with groups of dic-
tionary words in sub-dictionaries creating word categories such
as Cognitive Processes, Comparisons, and Quantifiers—all
dictionaries that we predicted might capture the skills used in
scientific writing per our grading rubric (Table |A, B) based

on previous examination of raw scores, algorithmic scores
for variables, and percentage of word use for categories (B.L.
Smith-Keiling and H.F. Hyun, submitted for publication). Re-
cent use of the LIWC shows the possibility of using analytic
programs to seek different cognitions of students in personal
writing samples despite ELL barriers (28, 29).

The focus of this cross-sectional study was to examine
a sample of cases from existing experimental groups of our
total student population under investigation. VWe measured
student confidence coming into the course and after in-
terventions for those who faced additional challenges and
demonstrated the greatest need for support with English
L2. Our goals were to determine types of interventions on
an individual level for Asian ELL students and all students
(Table 2) using strategies for 1) building inquiry, 2) developing

TABLE |.
Sample LIWC20I5 code dictionaries (A) and matching categories in our rubric (B).
A) B)
Category Abbrev Examples Words in DISCUSSION
category Purification conclusion in I** sentence
Word count wc * Data of purification
Analytical thinking Analytic . .
* Purification evaluation
Linguistic Dimensions
. . * Limitations of techniques
Total function words funct it, to, no, very 491
Total pronouns pronoun |, them, itself 153 * Protein isolation BH comparison
Articles article a,an, the 3 * Protein isolation expressed comparison
Other Grammar « Comparison of manual vs automated purification
Common verbs verb eat, come, carry 1,000 .
» Data support to back up comparison
Common adjectives adj free, happy, long 764
) * Comparison: kinetics results (Vmax, Kcat, Km) published
Comparisons compare  greater, best, after 317 values
Interrogatives interrog  how, when, what 48
* Comments (interpretation): discrepancies between results
Numbers number  second, thousand 36 .
and literature
Quantifiers quant few, many, much 77 .
X *  What could improve accuracy of your measurements
Psychological Processes
Affective processes affect happy, cried 1393 . Co_mm_ent on linear and non-linear regression models and
which is more accurate and why
Anxiety anx worried, fearful 116
Cognitive processes cogproc  cause, know, ought 797 *  Dataand discussion of electrophoresis
Insight insight think, know 259 * Data and discussion of immunoblot
Causation cause because, effect 135 *  What does each piece of data tell you (interpretation)
Discrepancy discrep should, would 83 about purity of sample
Tentative tentat maybe, perhaps 178 *  What purity questions remain unanswered (conclusion)
Certainty certain always, never 13 *  Style,clarity, details discussed, past tense and switch to pres-
Differentiation differ hasn’t, but, else 8l ent or future studies

A) The LIWC20I5 table adapted with permission from the LIWC Language Manual (27) has summary language variables Analytical
Thinking and categories Cognitive Processes, Comparisons, and Quantifiers—all dictionaries that we predicted might capture the skills
used in scientific writing in addition to Word Count per B) our grading rubric, which matched to categories in the formative and summa-
tive grading rubric used in peer-evaluation interventions. LLR discussion rubrics required conclusion, supporting data, evaluation, limitations,
comparison, interpretation of discrepancies, improvements of accuracy, “results tell you” interpretation, “unanswered” along with measures
of style, clarity, and grammar. The total percentage score of the discussion sections was 27% of the total LLR score.The LLR was 5% of
the grade, peer-evaluation participation 3%, other writing 12%, so writing totaled 30% of the overall course grade. LIWC = linguistic inquiry

word count; LLR = large lab report.
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scaffolding for learning analysis, and 3) building writing ability
to communicate science. VWe employed a LIWC computer-
assisted assessment strategy to measure cognitive, analytic,
and other features despite L2 challenges in scientific writing,
and to measure anxiety in a post-study free response survey.

We hypothesized that these practices would not only
increase confidence in ability (self-efficacy), but also that
we could use the analytic LIWC2015 software to read be-
yond the sentence, based on a coded dictionary to measure
analytical thinking, cognitive, comparison, and quantifier
words in scientific writing (27) (http://liwc.wpengine.com/),
separated from reflective styles measured more for affect.
This mixed-methods approach addressed our primary

outcome of providing strategies to assess and support ELL
students in science.

METHODS

Student demographics and sampling case selection

As part of a larger study, all enrolled students were
invited on the first day to participate in course-specific
educational research and gave informed consent per our
IRB protocol. Those who did not consent participated in all
class activities and assessments, but they were not enrolled
in the study, and their data were censored from analysis.

TABLE 2.

Metacognitive intervention process included plan, monitor, and assess steps.

Plan

Monitor

Assess

Students began with self-aware process
thinking about their skills to plan: pre-self-
ranking, pre-skills tests, assessing draft and

rewrite of BQA, and planning improvement.

Pre/post survey for self-ranking
student confidence

(Likert I=low, 5=highly competent):

“Indicate for each of the following skills how
competent you feel knowing the theory”

“Indicate for each of the following skills how
competent you feel actually doing the skill”

Three scientific writing skills
(this study)

* seeking primary literature
* reading primary literature
* scientific writing and citation

Other confidence and pre-test skills
measured (not this study)

* mathematical calculations molarity

* dilutions

* polymerase chain reaction (PCR)
primer design

* solving a case study

Writing skills assessed
Biochemical Question & Answer (BQA)

* stimulated reflective curiosity as
students posed a biochemical question
and scientifically supported answer

* sought primary literature, read, and
wrote scientifically written and cited
answers

* popular/news, layperson and scientific
writing, properly citing sources, and
nuances of writing grammar, mechanics,
and style

Writing errors were used in selection
of cases

Students were invited to discuss plan

Interventions to scaffold learning allowed
students to self-monitor:inquiry next-step
discussions, formative rubric use in self-
evaluation, office hours, etc.

Interventions

Inquiry — questions at the end of each
lab to promote student development
of ideas for their next step of the lab
protocol

¢ discussed, checked-out with TAs and
spring/summer students wrote ideas
in weekly lab notebooks

* open ended and not assessed

* once students were provided with
the next lab protocol, they could
determine how close their ideas were
to the next lab exercise

Peer evaluation — beyond simply
tutoring, this provided feedback for the
student to do self-checks

* draft and rewrite of multiple writing
samples

* smaller scaffolding assignments prior
to a larger (LLR) synthesis project,
weekly peer-evaluation in spring

» formative use of rubrics

Individual interventions

» office hours with writing exercises

* recommended writing center services

* individual online tools (turnitin.com
similarity score plagiarism checker,
Grammarly.com grammar checker)

* individual reflections

* help from friends

Through repetitive peer-evaluation, students
reflected and assessed: post-self-ranking, post-
skills tests,and final assessment with LLR rubric.

Same post-survey for self-ranking

Inquiry — enhanced in the spring/summer
intervention by building on weekly discussions
of inquiry-based lab assignments

Peer evaluation — used a formative guideline
rubric/checklist to inform students for assessing
their own writing

instructor and peer evaluation feedback
for monitoring progress

the same rubrics used formatively in
monitor stage were used summatively for
final LLR grades

Interventions

Peer-evaluation in spring was assessed by TAs
for a participation grade

BQA = biochemical question and answer; LLR = large lab report.
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Participants were de-identified and given ID numbers to
keep the instructor blinded in the larger study, but as stu-
dents were identified with writing difficulties, they were
selected for individual scrutiny for this study. Students enter-
ing and exiting Biochemistry lab courses in fall, spring, and
summer of 20162017 (N = 186) provided demographic and
other data through paper-based pre/post surveys (Fig. 1). Of
these, 22 students, or 12%, identified as both Asian and ELL,
our target population. This number narrowed to |9 potential
cases who completed all assessment data in digital format
for analysis (fall, n = I1; spring/summer, n = 8). Those who

met selection criteria with respect to need became sample
cases (n = 6) for deeper cross-sectional analysis through
discussions with the instructor and additional individual
writing interventions. Fall semester students had no writing
interventions and served as a baseline control group. Inter-
ventions for all spring/summer students included inquiry dis-
cussions, formative rubrics, and peer-evaluation discussions
for a final written report, which was submitted in digital
format and analyzed by LIWC for comparison of Asian ELL
and their native-English-speaking lab partners. Cases | to
6 received individualized interventions (Fig. I).

Demographics: Biochemistry Lab courses fall, spring, and summer, 2016-2017 (N=186)

Race: 66% Caucasian, 21% Asian, 13% other or not identified.

Gender: 53% males 47% female/non-male.

From these, 22 students, 12%, identified as both Asian and ELL; 7 non-Asian students, 4%, identified as ELL.

[ Spring/Summer N=85 / N=11 ] / \
. Figure 2 &3 N
Likert pre-post Pre/post confidence Figure 4,5, 6
Pre-demographic survey % confidence Theory & skill LLR LIWC scores & rubric
(analytical thinking,
" -9 ive, comparisons,
Asian-ELL n=13 Asian-ELL n= quantifiers)
1 T LLR re-graded d
it i re-graded deeper
BQA selection Sample writing BQA skills assessment reading/analysi
Sample errors for eading/analysis
AV selection of cases
Asian-ELL population with ELL challenges in BQA Q section Quotes from
Fall n=9/13=69% Spring/Summer n=9/9=100% Post-course free
= Figure7& 8 response stress due to
i iting chall
. Office ho.u.r help or ) Sample writing Sample er'rnrs and writing challenge
discussed writing selection exercises
of free-response
AV ) LIWC of f
Asian-ELL Cases selected Figure 9 . anxiety word percentage
Fall n=1 Spring/Summer n=5 Sample LLR discussion
Interventions j j ﬂ ﬂ X N
Henrietta:
o Y ' VA= VA Ve N
Fall Bob: Mike: ': e " s rIng/Sur.nmer Zach:
No intervention Spring/Summer Spring/Summer " ::::?rym" Tnterventlon Spring/Summer
i Intervention i i
Discussed Inquiry Intlerve!'ltlon Several office hours Inquiry InI;iesr::sr;::n
Recommended not to One office hour nauiry Practice sentence exercise Discussed

Several office hours Peer Evaluation
Practice sentence exercise

Peer evaluation

Writing Center Peer evaluation
Grammarly online tools

Peer Evaluation

use translator

program; use friends Peer Evaluation

Strong motivation to

Strong motivation to N
i master English

Relied heavily on lab master English

partner

More time is needed

Sentences helped practice
to edit

but not mastery Writing Center appt times

difficult; they were not
able to understand the
science enough to help

Recommended no

WC Analy CogPr Anx translator program

WC Analy CogPr Anx avg88.5 11.9 0.0

low 83.8 182 2.6

Needed additional time

WC Analy CogPr Anx ..
for editing

avg 958 105 0.0 WC Analy CogPr A
G Strong LLR grade B+ naly Coghr Anx

5 Low LLR grade D WC Analy CogPr Anx high 97.2 12.2 6.25
High LLR grade A matched low WC, and avg 96.08 126 3.2 ‘:\I::;: ‘;';a;y czgp; %": ma;::f;ig'l’" High LLR grade A+
low analytical / Kl.ow LLR grade raised C+ /\ LLR Grade B / \_ / \

“The writing report is most challenge to me due to language controlling. And also, another one is I do not know how to start writting as well as how to avoid everything I did in lab. For fixxing that problem,
Tusually just try to write as much as I can at first, then after I feel smooth, I will try to control the detials I wrote.” Shawn (case lacked LLR data for analysis)

“Before my team started discussing, I had the whole experiment planed out in my head. However, it was during that discussion that I realized I did not know how to express my thought process to my teammates.
I'was standing there trying to explain my thoughts but found my tongue-tied. During the experiment, I realized we made a mistake and need to go back and redo part of the experiment. I tried desperately explaining
to my teammates, but failed. I was so embarrassed and frustrated throughout the lab that I just wished it would be over. After that class, I realized the importance of being able to communicate effectively and I
started practicing explain concepts and my thoughts to my classmates.” Zach

“I am writing this letter trying to find some help since I am really frustrated and stressed out about this course for now....I used grammarly app and paid for it, besides I asked my English-speaking friend tried to
help me to correct my draft... I used to think that lab is what I best at, since I have published papers and I organized a team into the iGEM held by MIT. I know it is not related to my performance in this course,
but I do not want to lose my confidence on lab course.”

“I should really figure out the study pattern for this course, as well as try to avoid points losing from scientific writing, that is pretty stressful.” Henrietta

FIGURE I. Demographics and sampling process from fall control and spring/summer interventions for representative cases. Biochemistry
lab courses fall, spring, and summer, 2016—-2017 (N = 186), pre-course confidence and demographic surveys measured all students’ con-
fidence in theory and skill, matched to skill test measures. Demographics identified 12% who identified as both Asian and ELL. Writing
sample BQAI and 2 drafts identified those with greatest need in scientific writing in English. From potential cases, six cases were selected
from those who came to office hours or discussed writing. LIWC analysis of LLR ranges: word count 566 (low) — 2,297 (high); analytic
formal scientific 83.8-98 (reflective 18—50 not shown); cognitive processes 8.5—18.2%; comparison 3—7%; quantifier 2—-5%; “I” words 0
to pronouns <|% (not shown). Free-response range: anxiety words 0—6.25. Representative quotes from 3/22 Asian-ELL various com-
munications including a post-course written free response prompt: “Consider a time in lab that you felt stress, or a challenge. Write
about it, how you felt and what you wish you had heard/experienced/done instead to reduce your stress or to overcome your challenge.”
ELL = English language learner; LIWC = linguistic inquiry word count; LLR = large lab report; BQA = biochemical question and answer.
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Quantitative pre/post confidence in theory
(knowledge) and skills (self-efficacy)

Pre/post surveys of confidence were matched with skills
assessments for several mathematical, lab, and writing tasks
(Table 2). Based on Bandura’s Social Cognitive Theory and
outcome expectations that confidence in writing impacts
actual writing skill (30, 31), we examined constructs of
confidence in theory (knowledge) and confidence in being
able to do the skill (self-efficacy) using a series of “How
confident are you...” questions modeled after a previously
validated survey (32). This followed the metacognitive
process of students thinking about their skills, working on
skills, revising, and reflecting again at the end (33). From
the Asian ELL students (n = 19) in fall (baseline) and spring/
summer (with interventions), arithmetic mean scores for
the 15 students who completed both pre- and post- sur-
veys and answered all six survey questions were compared
to demonstrate trends (Fig. 2A, 3A). Values were mean
5-point Likert-scale responses. Due to the small sample
size, chi-squared analysis was not feasible, so trendlines
of the six measures and frequency of responses illustrated
gains for each category of three theory questions and
three skill questions using SAS statistical software version
9.4 (Fig. 2B, 3B). Paired two-way t-tests were performed
to compare the means between pre- and post- survey
answers; for fall and spring/summer semesters, unpaired
two-way t-tests were performed.

Writing-skill assessment for case selection

Several writing forms were used as part of the formative
learning process to promote practice and the metacogni-
tive approach of evaluation and revising. To qualify as WI,
the course met several university criteria including rubrics
and rewritten work, with enhanced spring interventions
including formative use of rubrics in self and peer evaluation
(Table 2) (34-38).

The LIWC2015 was vetted for use with these writing
samples (B.L. Smith-Keiling and H.F. Hyun, submitted for
publication). Short, one-page samples collected in the first
four weeks of the course were used to assess writing, citing,
and drawing conclusions concisely (Table 2). Biochemical
Question and Answer (BQA) papers began with students
posing a biochemical question (Q) followed by a scientifically
supported answer (A). These provided our first glimpse at
writing challenges students faced. Although samples were
not masked before scoring to avoid bias, upon reading the
first BQA samples, the instructor identified students who
exhibited writing errors—all of whom were Asian students
in need of ELL support. Other ELL students and native
speakers did not show grammar and writing deficiencies.

To confirm no bias, after the end of both semesters, the
instructor and assistant re-examined electronically stored
BQA draft assignments and qualitatively coded errors in the
Q sections, with > 95% reliability between the two coders.

6 Journal of Microbiology & Biology Education

Common ELL errors included grammar mechanics: frag-
ments, run-on sentences, misuse of tenses, prepositions,
and subject-verb agreement of singular and plural (10, 12).
If sequentially reviewed BQA drafts showed grammatical
errors, we coded yes. If we coded no errors, the student was
not selected. From the number of possible student cases
with detected errors per selection criteria, these were
further narrowed to six students who had discussed their
writing with the instructor (Fig. I).

All students were invited to discuss writing during of-
fice hours. A simple random-sampling study design method
allowed for the probability of any student coming to open
office hours, making an appointment, or discussing writ-
ing briefly with the instructor when writing assignment
drafts and finals were returned in lab. Student cases were
chosen by convenience sampling. To assure sampling was
representative of the true population for inferential sta-
tistics validity, the instructor surmised (based on discus-
sion) and the assistant later identified those in both Asian
and ELL classifications. Frequency of those with errors
and response to an invitation to office hours determined
selection of cases. Only those who submitted final digital
work were selected. Because Asian names can identify
ethnicity, we assigned non-Asian pseudonyms for Asian
ELL cases fitting these criteria and selected for further
analysis: fall (Dayton), spring/summer combined to maintain
more anonymity for the smaller summer population (Bob,
Mike, Henrietta, Hope, and Zach) (Fig. 1). These students’
native-English-speaker lab partners were included for
comparison in later analysis.

Analysis of LLR discussion using LIWC
(analytical thinking, cognitive processes,
comparisons, and quantifiers)

In addition to BQA papers, weekly lab reports (data
and written components) culminated in a comprehensive
manuscript-style large lab report (LLR) which integrated
deeply with the laboratory exercises for a semester-long
protein purification and gene expression project. Fall labs
followed traditional cookbook-style, rote protocols. Inter-
ventions for spring/summer students included discussion
of next-step inquiry questions and evaluation with peers
(Table 2); in addition, the LLR sections were peer-evaluated
with rubrics including cognitive and analytic terms in
comparison with LIWC terms (Table 1). Students brought
material for weekly peer review. Graduate teaching as-
sistants (TAs) and the instructor commented. Students
were asked to bring a final copy for proofreading the week
before the due date.

Students uploaded final LLR submissions electronically to
be checked for plagiarism (using Turnitin, https://turnitin.com)
and brought a printed copy for grading. For consistency, TAs
each graded one section using the rubric. After the courses,
for this study, the assistant downloaded the discussion sec-
tions from the LLRs into separate Word documents, with
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2A Confidence Trends Fall 2016

= Searching Literature
Theory

== Searching Literature
Skill
Reading Literature
Theory

Reading Literature
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FIGURE 2A and 3A. Pre/post confidence trends measured confidence in knowing theory and confidence in doing skills in three writing
skills. From (n = 19) pre/post-confidence measured, those who completed both pre- and post- student competency responses were used
to compare the fall control group with the spring/summer with interventions. Student self-reported responses (Likert Scale | to 5) for
confidence in theory and confidence in skills for writing showed positive trends in both semesters; fall showed higher overall incoming
confidence than spring/summer (not significant); reading and searching primary literature higher than writing; greater increases measured
in fall for theory (p < 0.05); and greater gains seen in scientific writing skills for spring/summer students (p = 0.025).
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FIGURE 2B and 3B. Frequency graphs of student responses to confidence in theory and confidence in skill in writing. The upward trends
represented with stacked graphs show frequency patterns of responses for nine fall students and six spring/summer students who an-
swered all survey questions. Higher frequency resulted after the course.

student ID numbers only, and placed them into separate
folders: Asian ELLs, native-English-speaker lab partners, all
native English speakers, and other ELLs. When opened in the
LIWC analytic program, Excel (2016) files were generated as
output and imported into SAS for statistical comparison. Fall
and spring/summer Asian ELLs and their native-speaker lab
partners were compared and analyzed using SAS Software
version 9.4, and frequency graphs were created in GraphPad
Prism version 5.

Volume 19, Number |

Two-sided t-tests were used to compare fall and spring/
summer semester Asian ELL students with their native-
speaker lab partners, with significance alpha set at 0.05. Re-
gression analysis performed in SAS explored the relationship
between the five LIWC categories we studied (Figs. 4, 5, 6).

The LLR discussion sections were analyzed using LIWC
for four variables most applicable to scientific writing: summary
variable Analytical Thinking; three word category variables,
Cognitive Processes, Comparisons, and Quantifiers; and
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FIGURE 4. LIWC analysis of LLR discussion comparing fall Asian-
ELL and native-speaking lab partners. Box and whiskers plots show
mean and median values. Fall Asian ELL (blue) compared with fall
native-English-speaking lab partners (yellow) showed comparable
variation of variables A) Word Count, B) Cognitive Processing, C)
Analytical Thinking, D) Comparisons, and E) Quantifiers. LIWC =
linguistic inquiry word count; LLR = large lab report; ELL = English
language learner.

other indicators such as pronouns determined of interest
for scientific writing (B.L. Smith-Keiling and H.F. Hyun, sub-
mitted for publication). A free version of LIWC software on
Pennebaker’s site (https://liwc.wpengine.com/) was initially
trialed in the analysis of a separate study; the free version is
designed to become cumbersome with higher data input to
limit misuse. The most current LIWC2015 is easily purchased
at low cost to educators.

Individual case analysis and qualitative, open-coding
word analysis

The six individual cases were considered representative
of issues common to Asian ELLs. The instructor, no longer
blinded to the Asian ELL sample, examined the specific
intervention examples based on what the case students
had chosen in order to draw generalizable conclusions:
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FIGURE 5. LIWC analysis of LLR discussion comparing spring/
summer Asian ELL and native-English-speaking lab partners. Box
and whisker plots show mean and median values. Spring/summer
Asian ELL (green) compared with spring/summer native-speakers
(yellow) showed comparable variation of variables A) Word
Count, C) Analytical Thinking, D) Comparisons, and E) Quanti-
fiers. A significant difference (p = 0.008) in B) Cognitive Process-
ing was detected between Asian ELL and native-speakers. When
comparing Fig 4. fall Asian ELL and Fig 5. spring/summer Asian ELL,
there was a significant difference (p = 0.04) with effect size (1.54)
in Cognitive Processing. LIWC = linguistic inquiry word count; LLR
= large lab report; ELL = English language learner.

office-hour editing discussions, practice sentences, writing
center help, online tutors, translators and grammar check-
ers, along with inquiry and peer-evaluation interventions
introduced in spring/summer. The instructor re-read each
case student’s LLR discussion for reliability of TA scoring
and to seek discernable patterns compared with interven-
tions and LIWC scores.

Stress/anxiety in Asian ELLs was measured in two ways:
I) qualitative coding from various forms of written com-
munication (reflective writings, e-mail communication, and
a post-survey free response), and 2) quantitative analysis of
the same free-response answer using the LIWC categorical
variable anxiety (Table I). The latter yielded a percentage
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score for each case (Fig. |). Free responses were transcribed post-course prompt about overcoming challenges. Quali-
with spelling and punctuation fidelity and coded from a tatively, as part of a larger study (unpublished data), two
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FIGURE 6. LIWC analysis of LLR discussion of individual Asian ELL and their native-English-speaker lab partners (NLP). Variation in student
LLR discussion section was measured in LIWC for A) total Word Count, B) percent Cognitive Processes, C) Analytical Thinking score,
D) percent Comparisons, and E) percent Quantifiers. Fall Asian ELL (blue) and spring/summer Asian ELL (green) were compared with
NLP (yellow). Arithmetic means (indicated with a black bar) showed individual patterns could be detected across the five variables e.g.,
individual Bob (with lower grade performance) showed low word count, low analytical, and high cognitive. This differed from another,
Mike (with hand-graded, deeper meaning detected), with average word count, average analytical, and average cognitive. Others with
high word count, average analytical, average cognitive, but also high comparison and quantitative scores matched high-quality writing and
scores (e.g., Zach). Dayton’s, Henrietta’s, and Hope’s scores fell within predictable ranges. LIWC = linguistic inquiry word count; LLR =
large lab report; ELL = English language learner.
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independent coders simultaneously used quasi-deductive
coding to develop a codebook searching for deductive codes
as inductive codes were revealed, agreed upon codes with
>90% reliability, and organized axial coding with subcatego-
ries as themes. Here, the instructor and assistant re-coded
by looking deductively for three codes (writing, editing, com-
munication) associated with stress or challenge and noting
representative quotes from 3 of the total 22 Asian ELLs
specifically referring to writing and communication stress.

RESULTS

Quantitative analysis of pre/post self-reports
of confidence in theory and skills

In a series of pre-competency skills tests coupled with
measures of student self-report, positive trends of overall
confidence for six measures of theory and skills matched our
writing skill findings. Pre-competence questions for indica-
tors of writing confidence about theory and skills showed
fall Asian ELL were generally more confident coming into
the course than spring students, were generally more con-
fident seeking and reading literature than writing, and more
confident with theory than skill. Fall (Fig. 2A) had higher
pre-confidence than spring/summer Asian ELL (Fig. 3A).

To determine whether interventions to promote
inquiry and peer-evaluation discussions and the forma-
tive use of rubrics impacted confidence and skills, fall was
compared with spring. Whereas rubrics were provided
to fall students during the writing phase as a checklist,
spring students used rubrics to peer-review each other’s
lab reports in addition to engaging in inquiry and peer-
evaluation discussions.

Confidence in writing skills increased after the course,
according to follow-up post-competency skills tests and
student self-report. Paired t-tests showed increases in means
from the fall semester pre-to-post surveys for confidence
in theory of searching primary literature, reading primary
literature, and scientific writing and citation (p < 0.05).
Spring/summer semester increases were significant only for
confidence in skill of scientific writing and citation (p = 0.025).
Unpaired t-tests comparing fall and spring semesters were
not statistically significant. Frequency graphs demonstrated
counts of each response (Figs. 2B, 3B).

Analysis of LLR discussion using LIWC
(analytical thinking, cognitive processes,
comparisons, and quantifiers)

To determine whether there was an association be-
tween LLR scores and interventions, LIWC analysis of LLR
discussion sections yielded values expressed as total word
counts, an Analytical Thinking algorithmic score, or per-
centages of Cognitive, Quantifier, and Comparison words
(according to the LIWC dictionary) out of the total number
of words analyzed.

10 Journal of Microbiology & Biology Education

Asian ELL students and their native-English-speaking
lab partners were compared and analyzed in five LIWC
categories for fall (Fig. 4A—E.) and spring/summer (Fig.
5A-E.). Although variation existed, there were no statisti-
cally significant differences between group means except
for cognitive (p = 0.008 for spring/summer Asian ELLs),
suggesting outlier scores could be used to detect individual
differences on a case-based level rather than group trends.
Values for cognitive processing were statistically different
(p = 0.04) between fall and spring/summer semesters for
Asian ELL students (Fig. 5B), suggesting impact from inter-
ventions of inquiry and peer evaluation.

It was important to look at individual differences with
deeper qualitative grading by the instructor to discern these
patterns. LIWC quantitative scores validated that students
wrote scientifically: Analytic score approaching 100 with
more formal writing; low use of pronoun “I” (close to
zero) (data not shown); Comparison and Quantifier words
at 5%—6% of total word count; and Cognitive Processes
ranging from 8.5%—18%, indicating higher cognitive load of
Asian ELLs compared with their native-English-speaking
lab partners showed discernable patterns (Fig. 6). Regres-
sion analysis revealed a statistically significant relationship
between the Analytical Thinking score and the Cognitive
Processes score (p = 0.0012) and Comparison score (p =
0.0007), which mathematically supported patterns observed
and suggested that, with further analysis, this method could
be further developed as a potential heuristic predictor.

Detection of individual errors in Q and A for
ELL sampling and individual case interventions

From a total of 186 students’ writing samples, all stu-
dents with errors detected in the Q of BQAs were selected.
These were all Asian ELLs with writing challenges consistent
with thinking in native LI while writing in L2: 9/13 = 69% in
fall, 9/9 = 100% in spring/summer (Fig. 1) (12, 39, 40). Two
fall students responded, only one of whom turned in the
final assessment digitally for analysis. Spring/summer had
greater response, with five Asian ELL students meeting
selection criteria for our case analysis. Anecdotes ranged
from greater improvements in cases Dayton, Hope, and
Zach to persistent problems in cases Bob, Henrietta, and
Mike. Case Dayton showed early errors and revealed that
not using translator programs and instead relying on native-
English-speaking friends corrected his errors. Bob, who did
not seek further help, did not improve. Samples of Mike’s
intervention writing exercises (Fig. 7), Henrietta’s interven-
tion writing center help (Fig. 8), and Mike’s final LLR sample
(Fig. 9) were summarized (Table 3).

Qualitative search for deeper understanding
despite writing style and grade outcomes

TAs used the same rubric/checklist given to the stu-
dents to grade the different LLR sections (introduction,
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FIGURE 7. Example of case Mike’s BQA Q Section and A section
practice exercise intervention. A) Common errors were left as
empty circles by the instructor; B) writing practice exercises em-
phasizing subject-verb agreement tasks were tried by the student.
Despite numerous attempts, the issue persisted throughout the
semester. BQA = biochemical question and answer.

experimental protocol, results, and discussion) and to
record scores. In the case of Mike’s LLR, despite numerous
ELL difficulties, the writing in sections graded by other TAs
was adequate; however, the TA grading the LLR discussion
sections marked Mike’s as incomprehensible for having too
many grammatical errors. A deeper look by the instructor
yielded examples where biochemical knowledge, under-
standing, and critical thinking were supported. Despite ELL
writing challenges, deeper meaning and new ideas were
evident (Fig. 9). This raised the question of subjective scor-
ing, and whether analyzing the discussion by LIWC could
yield objective data indicative of Mike’s analytical thinking
and cognitive skills (described above).
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FIGURE 8. Example of case Henrietta’s BQA A section writing
center intervention. Student had previously tried office hours for
the draft, had used a free online app (grammarly.com), and had tried
to get help from the on-campus Writing Center. These results
were from an edited paid service (unknown) for the final product.
None of the services could adequately get at the true meaning of
some of the scientific content. To do so, the instructor verbally
discussed, and assisted with the rewrite of the final product, but
a reduced score and issues persisted throughout the semester.
BQA = biochemical question and answer.

Analysis of a post-course free response survey
using LIWC (anxiety)

Anecdotally from the first-day ice-breaker, students
were asked to “share an example of a challenge they had
faced and how they overcame it,” students identified Eng-
lish barriers and the culture shock of moving to the United
States. A post-course, free-response survey question mea-
sured confidence and prompted the first-day question of
stress, challenges, and overcoming them. Quasi-deductive
qualitative coding of BQA Q, reflective, personal statements,
and emails revealed additional stressors and challenges in
3 of the 22 Asian ELLs due to writing and communication.

Compared with the students’ scientific writing, LIWC
analysis of their free responses showed higher use of “I,” and
yielded affect and anxiety scores under summary variable
Emotional Tone. Quotes and anxiety scores from Asian ELL
students showed that some issues highlighted as writing and
communication stressors had not yet been resolved (Fig. I).

Motivated to retain more diverse students, we used
a mixed-methods approach to examine an experimental,
cross-sectional, case-control sample to find ways to support
and assess Asian ELL students. Pre/post confidence trends
showed gains for six related measures of scientific writing.
Gains in the spring/summer group could be due to several
interventions. Enhanced inquiry within the lab discussions
may have strengthened student confidence and skills as stu-
dents talked with peers and TAs, thus practicing their ability
(self-efficacy) to generate new ideas and communicate them.
Peer-evaluation and discussions of how to analyze results
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Discussion:
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process, our result shown: 1. in both IEX and AFC purification process, LDH lost in unpooled fractions
were unavoidable. 2. In product of both process, LDH were diluted greatly. 3. Addition dialysis process . ; :
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FIGURE 9. Sample introductory paragraph of case Mike’s LLR discussion instructor assessment. Originally this discussion section was
marked as being “incomprehensible” for grading by an assistant lab instructor and scored very poorly. This showed that not all graders
may have the same viewpoint or tolerance for grammar errors. Because the LIWC scores detected a pattern comparable to high-scoring
native English speakers with comparable values around the mean for word count, comparison, and quantifiers, it was re-graded by the
instructor. Scoring 96% analytical and 13% cognitive (around the mean), even without proper grammar and writing, the instructor saw
evidence fitting the rubric for understanding, cognitive reasoning, analytical thinking, quantifiers, comparisons of lab techniques, and other
key components throughout the section. Some specific understanding was still lacking, but in the later portion the author proposed a
new idea—one that would have been missed if scientists fail to read between the grammar errors, or scientific communication is not
improved. The score was raised with re-grading based on the LIWC scores. When the instructor re-graded a different LLR discussion
(Bob’s), also with a poor score, his LIWC scores were not near the mean compared with native English speakers. In fact, some scores
were outliers with low word count, low analytical 84%, and high cognitive 18%, indicating greater ELL challenges and possibly lab com-
prehension challenges since the depth of content was not matching requirements in the rubric. The low score remained because the
LIWC scores did not indicate otherwise and were consistent with the instructor’s judgement. LLR = large lab report; LIWC = linguistic

inquiry word count; ELL = English language learner.

and write scientifically provided further practice while also
scaffolding analytical interpretation and writing skills. Use of
formative rubrics building on lab analysis in lab notebooks
and weekly lab reports benefited Asian ELL students with
the greatest need. From these trends, it appeared that stu-
dents expected that they had gained knowledge and skills
in writing even if their grammar in the final LLR showed
deficiencies. This supported Bandura’s outcome expectancy
beliefs that expecting the outcome leads to self-efficacy (30,
31, 41). Higher gains supported our hypothesis that these
practices increased confidence and skills. Even if Asian
ELLs” writing was not perfect, the scientific writing ability
improved. Although fall students showed higher writing abil-
ity than spring students, and fewer sought assistance, there
were Asian ELL students who demonstrated need but did
not come to office hours. We consider it possible that the
use of more inquiry and discussion in the spring could have
prompted more response.

Grouped comparisons of the LIWC analysis of LLR
discussions showed no noticeable differences between
means except for the Cognitive Processes. LIWC did, how-
ever, detect differing patterns between individual students.
Overall variability existed in both Asian ELL and native-
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English-speaking lab partner populations. Even between two
lab partners with similar lab results, we observed similar
patterns and extreme outliers. This validated for us that
the LIWC scores could be used on an individual basis as
indicators for grading. LIWC scores measuring underlying
cognition and analytical skills, and correlating to hand-
grading and assigned grades per the rubric by TAs and the
instructor supported our hypothesis that this tool could be
useful in objective assessment of L2 learners. We expect this
would be generalizable to other ELL and students overall,
which we hope to study further with larger populations of
underrepresented groups.

LIWC Quantifiers and Comparison scores for the LLR
discussions were less varied, perhaps due to the similarity in
weekly lab-exercise data between lab partners. It is too early
to propose a heuristic model. If student scores fell lower
than the mean, it could act as an indicator. More meaningful
patterns or tendencies of low word count, low analytical
scores, and high cognitive scores acted as potential L2 mark-
ers. Higher-than-average cognitive scores signify greater
challenges resulting from LI-to-L2 switching (8, 20-22).
Despite a small sample size, the effect size for this increase
perhaps indicates they struggled more and their gains could
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TABLE 3.

Case histories and intervention recommendations.

Cases Case History Helpful Recommendations
Dayton Case Dayton’s BQA2 draft first showed LI to L2 switch issues. It was ¢ recommend not using translator programs
observed during grading; grammar was less noticeable in the scientifi- ¢ stay in L2 language for thinking and writing in L2
cally written A section than the more reflective personal curiosity Q ¢ English-speaking friends helped proofread
section. He shared that to express himself in personal writing he relied
on computer translator programs like Google translator, and these er-
rors were more pronounced. Errors crept into scientific writing less
frequently because more word patterns were recognized i.e., lexical
units. Improvement occurred; further errors were not detected when
Dayton stayed in L2 for reflecting and writing and used other grammar
checks instead of the translator program.
Bob Case Bob’s BQA drafts had several markups for correction, yet he did * increase invitations to office hour help
not respond after one office hour.Rewritten BQAs also had errors even ¢ peer-evaluation, scaffolded assignments, draft and
with instructor feedback. In-lab performance relied heavily on his lab rewrite, and instructor feedback
partner; Quantifiers and Comparison terms were comparable in LIWC
scores with probable comparable data. LIWC writing scores showed
low Word Count, low Analytical and high Cognitive in comparison with
mean. Score matched final LLR score by instructor analysis.
Henrietta Case Henrietta’s BQA drafts provided intervention examples of seeking  Time is a necessary factor for proofreading and edit-
(Fig. 8) Campus Writing Center and online writing assistance with grammarly.  ing drafts and final products for quality work
com. In both situations the scientific meaning was misunderstood. She * increase time between assignments for rewriting
reported frustration with not being able to make a timely appointment, . . .
orPﬁnd a scientifically-trained tutgor. While it is possi{ﬂepgo request Sefeklng help at.Campusertlng Centers and_ online re-
science-specific help, timing of assignments and availability were deter- qmrgd an appqntment,and work gompleted in advance.
rents. Only when the instructor verbally discussed the science content  *  INcrease time to make appointments
and what the student intended to say could the corrections be made; Writing tutors could not always get at the scientific
however, errors persisted in new writing. meaning embedded in the grammar corrections.
* more scientifically trained writing center support
Mike Case Mike’s BQAI draft showed evidence of significant grammar errors. Practice writing exercises helped teach, but,in Mike's
(Fig.7,9) In weekly office hours, the instructor provided intervention markups case,were not able to overcome the four most com-
for practice exercises; errors were marked as empty circles. Exercises mon errors (mechanics, tenses, prepositions, and
emphasized subject-verb agreement tasks. He was assigned the task of ~subject-verb agreement) during a semester course.
going to the Campus Writing Center, but follow through was lacking. * longer time than a semester is needed; develop a
While anecdotally he reported the metacognitive process increased his series of science-related practice writing exercises
awareness, despite numerous attempts, the issue persisted throughout
the semester.
Zachand Both showed high motivation for English Earlier LLR writing start times, more peer-evaluation,
Hope Early challenges in first year courses and strong motivation with tu- fewer BQAs could help.

tors helped prepare.
All case anxiety scores in post-free response varied.

BQA = biochemical question and answer; LIWC = linguistic inquiry word count; LLR = large lab report.

be more significant as a result of the interventions received.
This would explain the significantly higher cognitive scores in
spring/summer students who had greater ELL challenges and
underlying psychological affect (23), represented by Bob’s
case. This suggests that even lower writing skills in an ELL
population, which may be challenging for a TA or instructor
to grade objectively, can be detected.

Conversely, if the patterns of word count and other
scores are closer to the mean, or if the analytical scores are
even higher, these could signify that more formal, higher-
ordered thinking occurred and that the writing is at least
worthy of a second look (by the instructor) for deeper
meaning beyond the grammar difficulties. This was par-
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ticularly true in Mike’s case. Since these are early heuristic
models still under development, we caution using them
for a graded judgment. The patterns we observed showed
potential in assisting qualitative grading and suggest that
further studies in this area are worth pursuing.

Within the exploratory practice framework (8), look-
ing at individuals and a metacognitive process, we gained
information about intervention usefulness. Based on case
discussions with Dayton, Hope, and Zach, we recommend
against using translator programs. As the brain switches
between LI and L2, cognitive load increases, which can
result in more errors (40); it is better to stay in L2 (English)
when writing. Based on case discussions with Henrietta and
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Mike, practice exercises and writing sessions may help in
the long run, but the time frame of one semester was too
short to see grammar improvements. Writing centers can
assist with proofreading and some grammar mechanics, but
we would recommend trained science tutors also skilled in
the mechanics of writing.

Perhaps, too, peer evaluation contributed to growth
not only by providing social support, but by providing op-
portunities to try out new lexical units of communication
and by affirming the value in students’ attempts at analysis
and writing. Practice and feedback are key in learning. As
this took place while lab experiments were running, all
students had access. Spring/summer interventions using
a guided rubric and peer-evaluation impacted Asian ELL
students positively.

One of our limitations was in the ELL dilemma of not
fully understanding directions: some students did not com-
plete the survey, some did not have a completed LLR ready
for proofreading one week before the due date, and some
did not turn in the final report electronically for LIWC
analysis. A limitation of our study was small sample size,
prompting our unconventional use of arithmetic mean to
describe non-continuous Likert values. Even with possible
bias in only investigating those few who came to office
hours or talked to the instructor about scientific writing,
a strength was the random sampling selection method as
representative of the true population of all Asian ELLs in
class who might struggle. This might also help other ELLs.

When scientific writing is suboptimal, redesigning ru-
brics and using LIWC could perhaps help assess cognitive
and analytical skills more accurately. Before failing students
on a writing task, or judging them to be poor scientists,
perhaps if we take the time to use an analytic program to
complement our grading rubric, we could assess them higher
and more on par with native-English-speaking peers in some
areas, even if their work doesn’t read well.

Finally, while this study stemmed from the observation
of writing challenges in one specific population in our class-
room, we would like to understand how both the teaching
practices and the LIWC assessment practices impact other
underrepresented groups. Initial studies show promise with
our small population size, and further studies are ongoing.
Together these findings suggest methods useful in supporting
and assessing scientific writing communication for design of
future instruction and other support mechanisms to benefit
Asian ELL students—and perhaps all students.

ACKNOWLEDGMENTS

We wish to thank our Lab Manager Barb Pinch for her
assistance in lab protocols, for helping determine which
times in lab would be best for assessments and interven-
tions, and for de-identifying student data. Thanks to Kamilla
Ruppman for her time as an undergraduate researcher,
assisting with qualitative coding and LIWC analysis. The
authors declare that there are no conflicts of interest.

14 Journal of Microbiology & Biology Education

. National Science Foundation, National Center for Science

and Engineering Statistics. 2017. Women, minorities, and persons
with disabilities in science and engineering: 2017. Special report
NSF 17-310. Arlington, VA, www.nsf.gov/statistics/wmpd/.
President’s Council of Advisors on Science and Technology.
2012. Engage to excel: producing one million additional college
graduates with degrees in science, technology, engineering,
and mathematics. PCAST, Washington, DC.

. Musu-Gillette L, de Brey C, McFarland J, Hussar W,

Sonnenberg W, Wilkinson-Flicker S. 2017. Status and trends
in the education of racial and ethnic groups 2017 (NCES
2017-051). US Department of Education, National Center
for Education Statistics. Washington, DC, http://nces.ed.gov/
pubsearch

James S, Singer SR. 2016. From the NSF: The National Science
Foundation’s investments in broadening participation in
science, technology, engineering, and mathematics education
through research and capacity building. CBE Life Sci Educ
15(3):fe7 doi:10.1187/cbe.16-01-0059.

Gibbs KD, Marsteller P. 2016. Broadening participation in the
life sciences: current landscape and future directions. CBE
Life Sci Educ 15(3):edl doi.org/10.1187/cbe.16-06-0198.
The National Commission on Asian American and Pacific
Islander Research in Education; CARE. 2011. Report. The
relevance of Asian Americans & Pacific Islanders in the college
completion agenda, http://care.gseis.ucla.edu/wp-content/
uploads/2015/08/2011_CARE_Report.pdf.

Heggins Il W], Jackson JFL. 2003. Understanding the
collegiate experience for Asian international students at a
Midwestern research university. Coll Stud ] 37:379 —391.
Allwright D, Hanks J. 2009. The developing language learner:
an introduction to EP. Palgrave Macmillan UK, Basingstoke,
UK.

Dornyei Z. 2009. Individual differences: interplay of learner
characteristics and learning environment. Lang Learn 59(Suppl
1):230-248.

. Fisher RL. 2012. English writing suggestions for Chinese-

speaking students, http://bethune.yorku.ca/files/2012/10/
WritingForChinese2012.pdf.

. Biber D. 1995. Dimensions of register variation: a cross-linguistic

comparison. Cambridge University Press, Cambridge, UK.

. Darus S, Ching KH. 2009 Common errors in written English

essays of form one Chinese students: a case study. Eur | of
Soc Sci 10(2):242-253.

. Biber D, Conrad S. 2001. Register variation: a corpus

approach, p 175—196. In Schiffrin D, Tannen D, Hamilton
HE (ed), The handbook of discourse analysis. Blackwell
Publishers, Malden, MA, USA, and Oxford, UK.

. Anderson RC, Freebody P. 198I. Vocabulary knowledge, p

77—-117. In Guthrie JT (ed), Comprehension and teaching:
research reviews. International Reading Association,
Newark, DE.

. Anderson RC, Freebody P. 1983. Reading comprehension

and the assessment and acquisition of word knowledge,

Volume 19, Number |



20.

21.

22.

23.

24.

25.

26.

27.

Volume 19, Number |

SMITH-KEILING et al.: SUPPORTING ASIAN ELL SCIENCE WRITING

p 231-256. In Huston B (ed), Advances in reading/language
research: a research annual. CT JAl Press, Greenwich, CT.

. Bos CS, Anders PL, Swanson HL, Keogh BK. 1990. Toward

an interactive model: teaching text-based concepts to
learning disabled students, p 247-261. In Keogh B, Swanson
HL (ed), Learning disabilities: theoretical and research issues.
Lawrence Erlbaum Associates, Inc., Hillsdale, NJ.

Landauer TK, Dumais ST. 1997. A solution to Plato’s problem:
the latent semantic theory of acquisition, induction, and
representation of knowledge. Psychol Rev 104:211-240.

. Tausczik Y, Pennebaker J. 2010. The psychological meaning

of words: LIWC and computerized text analysis methods. |
Lang Soc Psychol 29(1):24—-54.

Polat B. 2013. L2 experience interviews: what can they tell
us about individual differences? System 41:70—-83.

Deane P. 201 1. Writing assessment and cognition (ETS Research
Report RR-11-14). Educational Testing Service, Princeton, NJ,
www.ets.org/Media/Research/pdf/RR-11-14.pdf.

Friginal E, Lee ]J, Polat B, Roberson A. 2017. Exploring
spoken English learner language using corpora. In Exploring
spoken English learner language using corpora. Palgrave
Macmillan, Cham, London, https://doi.org/10.1007/978-3-
319-59900-7_1.

Schiffrin D, Tannen D, Hamilton HE (ed). 2008. The handbook
of discourse analysis. Blackwell Publishers, Malden, MA, USA,
and Oxford, UK.

Seilhamer M. 2013. English L2 personas and the imagined
global community of English users: do L2 users feel ‘like
a different person’ when speaking in English? Engl Today
29(3):8-14.

Pennebaker JW. 2013. The secret life of pronouns what our
words say about us. Bloomsbury Press, New York, NY.
Pennebaker JW, Chung CK. 2007. Expressive writing,
emotional upheavals and health, p 263—-284. In Foundations of
health psychology. Oxford University Press, New York, NY.
Pennebaker JW, Chung CK. 2012. Expressive writing:
connections to physical and mental health, p 417-439.
In Friedman HS (ed), The Oxford handbook of health
psychology. Oxford University Press, New York, NY.
Pennebaker JW, Boyd RL, Jordan, K, Blackburn K. 2015. The
development and psychometric properties of LIWC2015.
University of Texas at Austin, Austin, TX.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Tibbetts Y, Tibbetts ], Harackiewicz M, Canning EA, Boston JS,
Priniski SJ, Hyde JS. 2016. Affirming independence: exploring
mechanisms underlying a values affirmation intervention for
first-generation students. | Pers Soc Psychol 110(5):635-659.
Harackiewicz JM, Canning EA, Tibbetts Y, Priniski SJ, Hyde
JS. 2016. Closing achievement gaps with a utility-value
intervention: disentangling race and social class. ] Pers Soc
Psychol I11(5):745-765.

Pajares MF, Johnson M]. 1994. Confidence and competence
in writing: the role of self-efficacy, outcome expectancy, and
apprehension. Res Teach Engl 28(3):313-331.

Bandura, A. 1986. Social foundations of thought and action:
a social cognitive theory. Prentice Hall, Englewood Cliffs, NJ.
Baldwin JA, Ebert-May D, Burns DJ. 1999. The development
of a college biology self-efficacy instrument for nonmajors.
Sci Educ 83:397-408.

Bransford, D, Brown AL, Cocking RR (ed). 2000. How people
learn: brain, mind, experience, and school. The National
Academies Press, Washington, DC.

Graham S, Harris KR, Hebert MA. 2011. Informing writing:
the benefits of formative assessment: a Carnegie Corporation
time to act report. Alliance for Excellent Education,
Washington, DC.

Andrade H. 2000. Using rubrics to promote thinking and
learning. Educ Leadersh 57(5):13—18.

Andrade H, Du Y. 2005. Student perspectives on rubric-
referenced assessment. Pract Assess Res Eval 10(3):http:/
pareonline.net/getvn.asp?v=10&n=3.

Jonsson A, Svingby G. 2007. The use of scoring rubrics: reliability,
validity and educational consequences. Educ Res Rev 2:130—144.
Panadero E, Jonsson A. 2013. The use of scoring rubrics for
formative assessment purposes revisited: a review. Educ Res
Rev 9:129-144.

Wang W, Wen Q. 2002. LI use in the L2 composing process:
an exploratory study of 16 Chinese EFL writers. | Second
Lang Writ 11:225-246

Wang L. 2003. Switching to first language among writers with
differing second-language proficiency. ] Second Lang Writ
12(4):347-375.

Williams DM. 2010. Outcome expectancy and self-efficacy:
theoretical implications of an unresolved contradiction.
Personality Soc Psychol Rev 14:417-425.

Journal of Microbiology & Biology Education 15



