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SCIENTIFIC WRITING SKILLS FOR CHEMISTRY STUDENTS: COMMON
CHALLENGES AND EFFECTIVE STRATEGIES

Abstract

Scientific writing is a cornerstone of professional chemistry, yet undergraduate and graduate
students frequently struggle with the transition from general academic writing to technical, discipline-
specific communication. This review synthesizes research on common writing challenges in chemistry
education, including difficulties with laboratory report structure, results and discussion sections,
hypothesis formulation, data presentation, chemistry-specific conventions, literature use, and the
linguistic barriers experienced by English learners as a second language.

The paper also evaluates effective pedagogical strategies, including scaffolded assignments,
journal-style writing, writing-to-learn activities, calibrated and double-blind peer review, interactive
video workshops, information-literacy instruction, and graduate-level review article writing.

The literature shows that student writing improves most effectively when instruction is explicit,
repeated, discipline-specific, and integrated across the curriculum rather than isolated within a single
course. A practical departmental framework is proposed to support chemistry students from
introductory laboratory reports to advanced manuscript-style writing. Overall, scientific writing should
be treated not only as a communication skill but also as a mechanism for developing chemical
reasoning, professional identity, and participation in the scientific community.

Keywords: scientific writing, chemistry education, laboratory reports, writing-to-learn, peer
review, information literacy, graduate writing, academic communication.
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XUMUA CTYAEHTTEPIHE APHAJIFAH FBUIBIMHU KA3Y JAFABIJIAPBI: KEH
TAPAJIFAH KUBIHABIKTAP MEH TUIMII CTPATETI'UAJIAP

Ayoamna

FouipiMu ka3y kociOM XUMHSHBIH HeETri3ri Kypamjaac OemikTepiHiH Oipi OOJbIT TaObLIAJBI.
JlerenmeH, OakajaBpuaT JKOHE Marucrparypa CTYAEHTTepl JKajlmbl akaJeMUsUIBIK SKa3yAaH
TEXHUKAJBIK, TIOHTe TOH FBUIBIMA KOMMYHHKAIMSFa KOITy OapbIChIHIA >KU1 KWBIHIBIKTApFa Tarl
6omanel. byn momy xumust OUTIMIHIET! *a3yFa KaTbICThl KeH TapajfaH Moceleiepil >KHHAKTaIbl.
OnapnpIH KaTapblHAa 3€pTXAHAIBIK €CENTEPAiH KYPBUIBIMBI, HOTHXEIEp MEH TaJKblIay OeiMepiH
*asy, THIIOTe3a KYpacThIpy, JepeKTep/Ii YChIHY, XUMUSIFA TOH jKa3zy epekesiepi, FbUIBIMU d9e0ueTTep i
naiiianaHy >KOHE aFbUILIBIH TIJIIH €KIHII TUI peTiHAe MEHrepyIIIepIiH TUIAIK Keaepriiepl xKaTabl.
Makanaza coHfaii-ak THiM1 eAaroruKalIblK cTpaTerusiap KapacTelpbuiaasl. Oap/IblH iIiHIE Ke3eH-
Ke3€HIMEH KYpPBUIBIMIAIFaH TalchlpMaliap, FRUIBIMU JKypHaJl CTHIIIHJETI jKa3zy, OKY apKbUIBI jKa3y
(writing-to-learn) omicrepi, KamMOpJIEHIeH MXOHE KOC COKBIp pEIeH3UsIay, WHTEPAaKTUBTI OeliHe
CEeMMHapiap, aKMapaTThIK CayaTThUIBIKTBl JAMBITYFa apHaJFaH OKBITY JKOHE Marucrparypa
JIeHIeHiH/Ier] 10Ty MaKaJlaJlapbIH Xka3y Toxipuoeci 0ap.
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OJe0ueTTepre KYPrizuireH Tajaaay CTYACHTTEPIIH jkKa3y AaFabUiapbl €H THIMII TYpPIE OKBITY
HAKTBI, )KYHei, oHTe OaFbITTaIFaH JKOHE OKY OaFaapiaMachiHBIH OapIIbIK Ke3eHIepiHe KipIKTipiareH
JKar/Iaiia TaMUTBIHBIH KepceTel. SIFHM, a3y NaraplIapblH JTaMBITy TEK Oip MOHHIH IIeHOepiHIe
okmaynanOaii, Oykin oKy Oarmapiamachl OOWBIHINIA JKy3€re achIpbUIybl THIC. XHMHUS CTYICHTTEpPIH
Kipicrie JeHTreiaeri 3epTXaHalblK €CeNnTep/ieH OacTanm FhUIBIMH Makaja CTHIIHAETI Kypaenli »a3z0a
YKYMBICTapbIHA JICHIH KOJAayFa apHAJIFaH MPAKTUKAIBIK KadeapaiblK KYPbUIBIM YChIHBUTA bI. JKaIImb
aNFaH/a, FRUIBIMU JKa3y TEK KOMMYHHUKaIUs KypaJjibl peTiHIe FaHa €MeC, COHBIMEH KaTap XUMUSIIBIK
oiiyay KaOineTiH, KociOM COMKECTIKTI JKOHE FhUIBIMU KaybIMIACTBHIKKA KAaTBICYAbl AAMBITY MEXaHU3Mi
PETIH/E KapacThIPbUTYhI THIC.

Tyitin ce30ep: FHUTBIMU Ka3y, XUMHUs OLTiMI, 3epTXaHAJIBIK €CENTep, OKY apKbUIbI Ka3y (writing-
to-learn), peueHsusiay, aknapaTThIK cayaTThUIBIK, MarucTparypa JEHIeHiHJer! a3y, aKaJeMHUSIIbIK
KOMMYHHKAITHS.
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HABBIKHM HAYYHOI'O HUCbMA JJI51 CTY IEHTOB-XUMHUKOB:
PACITPOCTPAHEHHBIE TPYJHOCTHU U DOPPEKTUBHBIE CTPATEI'NHN

Annomayus

Hay4ynoe mnucbMO sBiseTcss OJHOM U3 KIIIOYEBBIX COCTaBJIOIIUX MPO(ecCHOHANbHOM
NeSITEIbHOCTH XMMHUKA, OJHAKO CTYICHTHI OakajaBpuaTa ¥ MAarucCTpaTypbl YacTO HCIBITHIBAIOT
TPYAHOCTU NPHU IEpexojie OT OOIIEro axkaJeMHYeCKOro HMUCbMa K TEXHMYECKOW, MUCLUIUIMHAPHO-
cnenuduyeckol Hay4HOW KOMMYyHHUKanuu. B nmanHoM o030pe o00oOmaroTcs ucciaeoBaHus,
NOCBALIEHHBIE  PACHPOCTPAHEHHBIM MpoOJieMaM MUCHbMEHHOM IMOATOTOBKM B XMMHYECKOM
00pa3oBaHNM, BKIOYAs TPYAHOCTH CO CTPYKTYPOH J1TaOOpaTOPHBIX OTUETOB, HANKMCAHHEM DPa3JEOB
pe3yabTaTOB U OOCYXIEHUS, (POPMYIHPOBAHUEM TUIIOTE3, NPEACTABICHUEM JAaHHBIX, COOIIOIEHUEM
cnenu(UYecKux JUIsi XMMUU HOPM M CTaHJIAPTOB, MCIIONB30BAHUEM HAYYHOH JIUTEPATYphI, a TAKKe
S3BIKOBBIMHU OapbepaMi, C KOTOPBIMHU CTAIIKMBAIOTCS U3yUalolNe aHIIIMHCKUHN S3bIK KaK BTOPOIA.

B cratee Taxke paccmarpuBaroTcs 3()(EKTHBHBIE TEeJaroruvyeckue CTPATeTuH, BKIIOYAs
MO3TANHO CTPYKTYpUPOBAHHbIC 3a/laHUs, HAIUCaHUE pPaboT B (opmare Hay4YHBIX KYPHAJIOB, METOIbI
«00yueHHs yepe3 mucbMo» (writing-to-learn), kanuOpoBaHHOE M JBOMHOE CIENOE PELEH3UpPOBaHUE,
MHTEpaKTUBHbBIE BUIE0CEMUHAPBI, 00ydeHHue NHPOPMALMOHHOM TPaMOTHOCTH M HAllMCaHUE 0030PHBIX
cTaTed Ha YpOBHE MarucTpaTypsl.

AHau3 NTUTEpaTyphl MOKA3bIBAET, YTO KAueCTBO CTYIEHYECKHUX MUCHMEHHBIX paboT Hauboiee
3G(GEeKTUBHO yIIydliaeTcss TOrna, Koraa oOOydeHHe SBISeTCS YETKAM, CHCTEMATHYECKHM,
OpPUEHTHPOBAHHBIM HAa KOHKPETHYIO JUCLUUIUIMHY U MHTETPUPOBAHHBIM B YUeOHYIO MPOrpamMMmy, a He
OTPaHWUYMBACTCS  OTHENBHBIM KypcoMm. Jlis TONAEPKKH CTYJISHTOB-XHMHKOB TIpPEAJIaracTcs
npakTudeckas KadenpaiabHas MOJeNb, OXBaThIBAlOIlas pa3BUTHE MHCbMEHHBIX HABBIKOB OT
HayYaIbHBIX JJAOOPATOPHBIX OTYETOB J0 MOATOTOBKU PYKOMHCEH B OopMaTe HaAydHBIX CTATEH.

B nenom Hay4yHOE MUCHEMO cielyeT paccMaTpUBaTh HE TOJBKO KaK CPEJCTBO KOMMYHHUKAIMH, HO
¥ KaK MEXaHH3M Pa3BUTHUSI XHMHUYECKOTO MBIIUIECHUS, MPO(ECCHOHATEHOW HICHTUIHOCTH U YIACTHsI B
HaYYHOM COOOIIIECTBE.

Knwoueevte cnoea: HaydHOE THCHMO, XHMHYECKOe OOpa3oBaHHeE, Ta0OpaTOPHBIE OTYETHI,
o0yuyeHHe uepe3 MUChbMO, PElEH3UpPOBaHUE, MHPOPMALMOHHAs TPAMOTHOCTb, NMHCBMO Ha YpPOBHE
MarucTpaTypbl, aKaJJeMHIeCKasi KOMMYHHKAIIUSI.

Introduction. The capacity to articulate scientific concepts effectively is a defining
characteristic of professional success in the 21st-century chemical enterprise. Beyond the mastery of
25
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fundamental chemical principles, chemists must possess the versatility to convey complex technical
information across a spectrum of media, addressing diverse audiences ranging from specialized peers
to the broader public [1]. Despite this mandate, the undergraduate chemistry curriculum has
historically struggled to integrate scientific communication as a core competency. The importance of
teaching these skills has been recognized in the pedagogical literature for decades, with extensive
reviews of didactic activities spanning from 1991 to 2010 highlighting the ongoing search for effective
instructional methods [2].

Central to this challenge is a deeply rooted pedagogical tradition that emphasizes the "rhetoric of
conclusions." As noted by Schwab, chemistry education often prioritizes the transmission of scientific
facts—the "products of the context of epistemological justification"—rather than the processes of
knowledge generation or the historical and philosophical development of the discipline [3]. This
ahistorical, product-focused approach permeates textbooks and curricula, often rendering the act of
scientific inquiry and the communication of that inquiry as secondary objectives [3]. Consequently,
meaningful curriculum reform has been notoriously slow; while calls for restructuring the chemistry
curriculum have persisted for over 60 years, substantive changes remain elusive [4].

When communication is addressed in undergraduate programs, it is frequently delivered through
fragmented, course-by-course interventions rather than a cohesive, departmental strategy [5]. This lack
of coordination creates a paradox wherein faculty and administrators universally identify research,
writing, and communication as vital professional skills, yet fail to allocate sufficient instructional time
to cultivate them [6]. The result is often a disconnect where students struggle to produce work of
professional quality because their writing instruction is general rather than discipline-specific and
sporadic rather than continuous [6].

To address these deficiencies, contemporary educational research advocates for a shift toward
comprehensive, scaffolded curricula. Innovative models are emerging that move beyond isolated
assignments to embed communication training deeply within the student experience. These strategies
include the use of "bookend" models, which provide structured support for critical thinking and
communication in both junior and senior years [7]; integrated courses that combine information
literacy, ethics, and peer review [8]; and scalable, technology-enhanced interventions such as
interactive video workshops that provide consistent, technical writing training without requiring
specialized expertise from every instructor [9]. These comprehensive models have successfully
improved student readiness for both graduate school and the professional workforce [10].

Table 1 summarizes the transition from traditional, isolated pedagogical approaches to these
emerging, integrated frameworks.

Table I- Paradigms of Scientific Communication Instruction in Chemistry

Feature Traditional/Fragmented Model |(Comprehensive/Integrated Model

Curricular Course-specific; isolatedDepartmental, multi-year, or “bookend” design

Scope assignments [5] [7]

Instructional [Implicit; emphasizes the “rhetoric|Explicit; emphasizes knowledge generation and

Focus of conclusions”™ [3] the writing process [3]

Instructional Generic writing guidance [6] Discipliqe-speciﬁc instruct.ion integrated with

Methods information literacy and ethics [8]

Scalability Low; dependent on individual High; utili;es scgffolded assignments, peer
instructor interest [5] review, and interactive video workshops [9]

Professional Incidental reporting of|{Integrated development of career-ready scientific

Goal experimental results communication skills [1]

This paper explores the common challenges that undergraduate chemistry students face when

attempting to navigate professional scientific writing. It synthesizes findings from current literature to
evaluate the efficacy of various instructional strategies—from intensive seminar courses and
collaborative peer review to scalable digital scaffolding. By analyzing these approaches, this work
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provides a framework for educators to transition from fragmented, ad hoc writing assignments to a
coherent, department-wide culture of scientific communication that better prepares students for the
complexities of modern chemical practice.

Scientific Writing as a Discipline-Specific Skill in Chemistry. Scientific writing in chemistry
differs from general academic writing in its purpose, structure, evidence base, and stylistic
conventions. A chemistry report is not simply a narrative description of what happened in the
laboratory. It is a structured argument that connects an experimental question, a method, a body of
evidence, and a defensible interpretation. Students must learn to write with precision, objectivity, and
economy while also demonstrating chemical reasoning. This requires the integration of language, data
literacy, visual communication, and disciplinary knowledge.

Chemistry writing also involves strong visual and symbolic dimensions. Students are expected to
incorporate equations, reaction schemes, spectra, tables, calibration curves, molecular structures,
chromatograms, and other graphical representations into the written text. These visual elements are not
decorative; they function as evidence. Effective writing therefore requires students to introduce figures
and tables, describe the relevant trends, interpret their meaning, and explain how they support the
conclusion. Many novice writers struggle because they treat figures as self-explanatory or repeat
numerical values without explaining their chemical significance [11].

Scientific Writing Workflow for Chemistry Students

' o N e N\ 9 N 7 o W e 9 N e N 7 o N 0 B
Experiment Data Data Interpretation Writing Revision Peer Final
Collection Analysis (IMRAD) Review Manuscript

»E‘é»m»_@’_» »%-»g@%»

S 2 N SN g i N e N g 7" N

Perform laboratory work Record observations Process tables, Explain findings Organize Introduction, Improve clarity Receive feedback Prepare polished
and measurements graphs, and results scientifically Methods, Results, and structure final paper
and Discussion

[ From experiment to publication }

Figure 1. Scientific writing workflow for chemistry students, showing the progression from laboratory
experimentation and data collection to analysis, interpretation, manuscript preparation, revision, peer review,
and final publication-ready writing.

Scientific writing in chemistry can be understood as a continuous process that begins with
experimental work and ends with communicating evidence-based conclusions. As shown in Fig. 1,
students must move from data collection and analysis to interpretation, IMRAD-based writing,
revision, peer review, and final manuscript preparation. Another distinctive feature of chemistry
writing is the need to follow field-specific conventions. These include appropriate use of chemical
nomenclature, units, significant figures, tense, passive and active voice, citation style, safety
considerations, and standardized sections such as Abstract, Introduction, Experimental, Results,
Discussion, and Conclusion. Students who are unfamiliar with these conventions may produce reports
that contain correct chemical content but still fail to meet disciplinary expectations. Therefore, writing
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instruction in chemistry must make these conventions visible and teachable rather than assume
students will acquire them indirectly.

Common Challenges in Chemistry Writing. The development of scientific writing
competence—defined through the essential dimensions of normativity, objectivity, and logicality—
represents a significant hurdle in undergraduate chemistry education [12]. Students are not merely
expected to report data; they must learn to participate in a social and cognitive endeavor that requires
them to synthesize observations with theoretical frameworks. However, a complicated interaction
between conceptual, structural, and linguistic obstacles frequently impedes this transition from novice
to expert scientific communicator.

Structural and Section-Specific Barriers. One of the most persistent difficulties for chemistry
students is mastering the structure of scientific reports. The IMRAD model—Introduction, Methods,
Results, and Discussion—appears straightforward, but each section performs a different rhetorical
function. The introduction establishes context and purpose; the Methods section enables
reproducibility; the Results section presents evidence; and the Discussion interprets that evidence and
explains its significance. Students often blur these functions, especially when moving from high school
laboratory worksheets to university-level scientific reporting [9], [13]. The major barriers to effective
chemistry writing can be grouped into five broad categories: structure, scientific reasoning, language,
chemistry-specific conventions, and referencing (Fig. 2). These categories provide a useful framework
for understanding why students often struggle to transform laboratory work into coherent scientific
reports.

Common Challenges in
Chemistry Student Writing

&~ v - e

Structure Scientific Language Chemistry Referencing
reasoning conventions

Weak IMRAD Poor explanation Grammar, clarity, Nomenclature, units, Weak use of

organization of results academic tone equations, figures literature and

citation errors

Figure 2. Common Challenges in Chemistry Student Writing

The Results and Discussion sections are frequently the most challenging. Students may make
broad claims that lack data support or describe observations without explaining their relevance. In
some cases, they present raw data without identifying trends, uncertainties, or relationships between
variables. In other cases, they interpret results without acknowledging limitations, sources of error, or
alternative explanations. Studies of undergraduate laboratory reports indicate that students often
perceive interpretation-based sections harder to elaborate than descriptive sections because they
require both chemical understanding and rhetorical judgment [13], [14].

Another structural challenge concerns the connection between sections. A strong report should
follow a clear line of reasoning: the objective leads to the method, the method produces results, the
results support the interpretation, and the interpretation leads to a conclusion. Novice writers may write
each section as an isolated task, producing a report that lacks coherence. Explicit instruction is needed
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to help students see the report as a connected scientific argument rather than a collection of required
headings.

Technical Fundamentals and Chemistry-Specific Style. Chemistry students commonly struggle
with technical fundamentals such as hypothesis formulation, precision of language, grammar,
mechanics, and audience awareness. A common problem is that students state a broad objective rather
than a testable hypothesis. For example, “to investigate the reaction” is not equivalent to a hypothesis
that predicts a measurable outcome under defined conditions. Teaching students to formulate
hypotheses requires attention to variables, expected relationships, and chemical rationale.

Style is another major barrier. Scientific writing values clarity, concision, accuracy, and logical
flow. Students may use informal expressions, vague statements, unnecessary repetition, or unsupported
claims. They may also misuse chemical terminology or fail to distinguish between observation,
inference, and conclusion. Chemistry-specific writing exercises can help students practice
transforming informal descriptions into precise scientific statements [11]. For example, instead of
writing “the solution changed a lot,” students should be taught to write “the absorbance increased from
0.23 to 0.71 at 520 nm, indicating increased formation of the colored complex.”

Data presentation is equally important. Students often include tables or graphs without
explaining why they are included. A figure should be cited, its main trend described, and its
significance interpreted. Likewise, tables should be used when they make comparison easier, not when
a sentence would be clearer. These conventions require repeated practice because they involve both
writing skills and data interpretation.

Reading, Literature Use, and Citation Problems. Weak reading habits can limit writing
development. Students who do not regularly read scientific articles may have difficulty recognizing
how professional chemists organize arguments, cite evidence, describe methods, and discuss
limitations. Exposure to published literature helps students internalize genre conventions and develop a
sense of disciplinary voice. However, students also need guidance in how to read strategically. A
research article can be intimidating because it contains dense terminology, complex figures, and
unfamiliar methods.

Citation and information literacy are additional challenges. Students may rely on general
websites rather than peer-reviewed sources, cite sources without integrating them into their argument,
or misunderstand the difference between background information and evidence. In chemistry,
information literacy includes the ability to search databases, evaluate the relevance of articles, read
abstracts and figures efficiently, and cite sources accurately. Students’ ability to locate, evaluate, and
cite relevant sources improves with peer review and chemical literature courses [15].

Challenges for English as a Second Language and Graduate Students. Students writing in
English as a Second Language face additional linguistic, cultural, and disciplinary barriers. These may
include grammar, sentence structure, vocabulary, hedging, cohesion, and the conventions of academic
tone. Doctoral students face challenges beyond just language accuracy. They must also learn how to
position their research in the literature, construct an argument for novelty, and write for specific
publication venues. Research on chemistry doctoral students identifies challenges in text organization,
grammatical accuracy, general writing competence, institutional support, and the choice of
dissemination medium [16].

Graduate students also face workload and time-management challenges. Writing a review article
or manuscript requires processing large quantities of literature, organizing themes, identifying gaps,
and synthesizing findings. Students may know how to summarize individual papers but struggle to
build a coherent review narrative. Graduate-level writing courses help students develop both writing
skills and scholarly independence by guiding them through the production of publishable review
articles [17].

Table 2 - Common writing challenges in chemistry education and corresponding instructional
supports
| Challenge | Typical student | Likely consequence | Effective support |
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difficulty

Report structure Confusing the | Fragmented reports | Explicit genre
functions of | with weak argument | instruction and model
Introduction, Methods, | flow analysis
Results, and
Discussion

Results and Discussion | Reporting data without | Weak chemical | Guided questions,
interpretation or | reasoning and | annotated  examples,
making claims without | unsupported and revision
evidence conclusions

Technical style

Informal language,
vague terms, grammar

Reduced clarity and
professional credibility

Chemistry-specific
writing exercises

and mechanics errors

Data presentation Poor integration of | Evidence is present but | Figure-caption practice
tables, figures, and | notused effectively and data commentary
spectra

Literature use Limited reading habits | Poor context and weak | Information-literacy
and weak citation | justification of claims | instruction and peer
integration review

ESL/graduate writing | Language barriers plus | Slow manuscript | Writing groups,
difficulty writing for | development and low | mentoring, and
publication confidence publication-oriented

courses

Linguistic complexities further layer the obstacles for students studying chemistry in a second
language. Even for those with strong general English skills, the specific register of scientific English
presents unique hurdles. Students frequently struggle with the ambiguity of translated terminology,
particularly with academic headings like 'Results' and ‘Discussion,” which may not have direct,
functionally equivalent translations in their native language.

Furthermore, the acquisition of specialized nomenclature—names of chemicals, apparatus, and
analytical techniques—requires significant cognitive effort. Without explicit instruction, students may
lack the descriptive precision necessary to document observations accurately, sometimes resorting to
simplistic, non-scientific language (e.g., describing a 'turquoise' copper solution as 'fake blue'). This
inability to access the appropriate lexicon limits their capacity to effectively communicate the
"progress of thinking" behind their experimental findings.

Categorization of Writing Challenges. To better address these impediments, Table 2 synthesizes
the common writing difficulties and their underlying drivers identified in undergraduate chemistry

contexts.
Table 3 - Categorization of Common Writing Challenges in Undergraduate Chemistry
Category |Specific Challenge Underlying Cause
Concentual The 'Reality Gap': Writing textbook theory[Passive acceptance of paradigms; lack of|
P rather than observed results [18]. experimental confidence [18].
D¥fﬁculj[y . synth'esmng‘ Rgsu!ts ar.ld, Inadequate reading habits; limited exposure
Structural |Discussion' and 'theoretical bibliographic .
to academic literature [14].
content [14].
. ... |Ambiguity in scientific nomenclature and Secgr}d-} anguage b?merS; ) lack ) .Of
Linguistic . familiarity with scientific register/precision
terminology [19]. [19]
Pedagosical Inconsistency in report structure and[Fragmented, course-by-course instruction|
gog expectation across modules [19]. lacking a coordinated approach [19].
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By isolating these categories, educators can better tailor interventions to address not just the
symptoms of poor writing but the foundational cognitive and pedagogical barriers that prevent students
from achieving professional proficiency.

Effective Pedagogical Strategies

Scaffolding and Stepwise Writing Development. Scaffolding is one of the most effective
approaches for helping chemistry students move from basic reporting to professional scientific writing.
Instead of asking students to produce a complete journal-style report immediately, instructors can
divide writing into smaller tasks and gradually increase complexity. Students may first practice writing
figure captions, then experimentation procedures, results paragraphs, and finally full results and
discussion sections. This approach reduces cognitive overload and allows students to focus on one
writing skill at a time. A scaffolded approach allows students to develop writing competence gradually
rather than being asked to produce a complete journal-style report at once. As illustrated in Fig. 3,
writing instruction can begin with smaller tasks, such as caption writing and experimental sections,
before progressing to Results, Discussion, full laboratory reports, and manuscript-style writing.

Scaffolded Model for
Developing Chemistry Writing Skills

Caption Experimental Results : ; Full lab Journal-style
= . S Discussion ;
writing section description report manuscript

Instructor Peer review
feedback

Figure 3. Scaffolded model for developing chemistry writing skills through progressive writing
tasks, instructor feedback, peer review, and revision. The model shows how students can move from
simple caption writing to full laboratory reports and journal-style manuscripts

A stepwise approach has been used successfully in organic chemistry courses, where students are
guided from lower-level writing tasks toward Journal of Organic Chemistry-style reports [20]. The
value of this method lies in its combination of imitation, practice, feedback, and revision. Students
analyze authentic examples, identify the stylistic features of professional writing, and then apply those
features in their reports. By the time they write a complete paper-style report, they have already
practiced many of its components.

Short-term interventions can also be useful, especially in laboratory courses with limited time.
We have demonstrated that co-created tutorials, reference guides, and targeted workshops on lab report
writing can enhance student performance, even in resource-constrained environments [21]. Such
interventions are most effective when they address specific weaknesses, such as writing a purpose
statement, explaining a graph, or distinguishing results from discussion.
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Writing-to-Learn Approaches. “Writing to Learn” emphasizes the role of writing in developing
conceptual understanding. In chemistry, this approach can be used through short reflective prompts,
claim-evidence-reasoning exercises, mechanism explanations, error analysis paragraphs, or written
comparisons of experimental and theoretical results. These assignments do not need to be long to be
effective. Their purpose is to make students articulate reasoning that might otherwise remain implicit.

Writing-to-learn activities are especially valuable because they help students connect symbolic,
macroscopic, and particulate levels of chemical understanding. For example, students can be asked to
explain why a color change corresponds to a change in concentration, why a peak shift in a spectrum
supports a structural assignment, or why a deviation from expected yield may be chemically
meaningful. Such writing tasks develop the interpretive skills needed for strong Results and Discussion
sections [22].

Peer Review and Revision. Peer review is a high-impact strategy because it exposes students to
multiple examples of writing and encourages them to evaluate scientific arguments. When students
review peers’ reports, they learn to identify unclear claims, missing evidence, weak figure references,
and unsupported conclusions. This evaluative activity can enhance their writing skills by helping them
comprehend the criteria used to judge scientific writing [23].

Calibrated Peer Review (CPR) is one structured model that uses rubrics and calibration samples
to train students to evaluate writing quality. In biochemistry courses, CPR-generated feedback has
been associated with improvements in abstract writing quality, and it can reduce the feedback burden
on instructors while still providing students with meaningful formative evaluation [24]. Similarly,
argument-driven inquiry uses peer review and revision in laboratory settings to help students develop
stronger scientific arguments [25].

For peer review to be effective, students need clear rubrics and training. Without guidance, peer
comments may focus only on grammar or superficial features. A strong peer-review process should ask
students to evaluate whether the objective is clear, whether the method is reproducible, whether figures
are interpreted, whether claims are supported by evidence, and whether citations are used
appropriately. Revision should be required after peer review, as the learning benefit comes from
applying comments, not just receiving them.

Interactive and Multi-Modal Learning. Large-enrollment chemistry courses often make
individualized writing feedback difficult. Interactive video workshops offer a practical solution by
delivering consistent instruction on writing fundamentals to many students at once. Such workshops
can cover audience awareness, sentence-level clarity, argument construction, data commentary, and
common errors in lab reports. Studies indicate that interactive video workshops can improve
undergraduate scientific writing proficiency and help students produce higher-quality laboratory
reports [9].

Multi-modal instruction is particularly suitable for chemistry because students must coordinate
text, equations, graphs, molecular structures, and experimental data. Video modules can show students
how to revise a poor Results paragraph, how to write a figure caption, or how to connect a spectrum to
a structural claim. These resources can be reused across courses and provide consistency in
departmental writing instruction.

Review Article Writing at the Graduate Level. At the graduate level, reviewing article writing
can serve as both a writing exercise and a professional development experience. Writing a review
requires students to search literature systematically, identify themes, compare findings, evaluate
methodological differences, and construct a narrative about the state of a field. Graduate students
report that this process is time-consuming, but it broadens their knowledge base and strengthens their
ability to synthesize information.

A review-writing course can be structured around stages: topic selection, literature mapping,
annotated bibliography, outline development, thematic synthesis, drafting, peer review, revision, and
journal targeting. This sequence mirrors the actual process of scholarly publication and helps students
understand writing as an iterative research activity rather than a final administrative step.
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Curriculum-Level Integration of Writing Instruction. The literature suggests that writing
instruction is most effective when it is integrated across the curriculum rather than concentrating in a
single course. A departmental approach can ensure that students encounter writing expectations
repeatedly and progressively. Introductory courses can emphasize observation, data description, and
basic report structure. Intermediate courses can focus on methods, figure captions, and results sections.
Advanced laboratory and research courses can require full manuscript-style reports, literature reviews,
and oral or poster presentations [5], [26]. Writing instruction should be distributed across the chemistry
curriculum rather than limited to a single laboratory course. As shown in Fig. 4, students can
progressively develop from basic observation and laboratory notebook writing in the first year to full
IMRAD reports, literature reviews, research proposals, and publishable manuscripts at advanced
levels.

This progression helps students see writing as a normal part of chemical practice. It also prevents
the common problem in which each instructor assumes that students learned writing elsewhere. A
shared departmental framework can define expectations for each level, coordinate rubrics, and reduce
inconsistency among courses. Such coordination is particularly important for programs that serve
students with diverse preparation levels and language backgrounds.

Curriculum-Integrated Model for
Developing Scientific Writing Skills in Chemistry Education

First year Second year Third year Fourth year Graduate level
Labnotebooks | |  Shortlab | *| FulIMRAD || Literature review/ | Publisha'blte/
and observations reports reports research proposal e
review article

C T T T ]
(e} o

Figure 4. Curriculum-Integrated Model for Developing Scientific Writing Skills

Writing instruction should also be aligned with assessment. If students are graded only on correct
answers or final numerical results, they may not value communication. Rubrics should therefore
include criteria such as clarity of objective, appropriateness of evidence, interpretation of results, use
of figures and tables, citation quality, and professional style. This communicates that writing is part of
scientific performance, not merely formatting.
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Table 4 - Suggested progression of chemistry writing instruction across the curriculum

Curriculum level Primary writing | Example assignments | Recommended
goals feedback
Introductory chemistry | Observation, accuracy, | Short lab reports, data | Checklist and brief

basic structure descriptions, figure | instructor comments
captions
Organic/analytical Methods,  evidence, | Experimental sections, | Rubric-based feedback
laboratory and section coherence | Results paragraphs, | and revision
journal-style mini
reports
Upper-level laboratory | Scientific ~ argument | Full IMRAD reports, | Peer  review  plus
and literature | literature-supported instructor conferences
integration Discussion sections
Research/graduate Publication-oriented Review articles, | Mentoring, writing
level communication manuscripts, proposals, | groups, and iterative
conference abstracts revision

Discussion. Impact of Writing Interventions. The reviewed studies indicate that chemistry
students can improve substantially when writing instruction is explicit, scaffolded, and connected to
disciplinary practice. Students do not automatically acquire scientific writing conventions simply by
completing laboratory reports. They need to see models, discuss criteria, receive feedback, and revise.
The most successful interventions combine these elements and treat writing as a repeated process
rather than a one-time assignment.

Department-wide initiatives are especially promising. Comprehensive approaches involving
coordinated writing instruction, teaching assistant training, writing-intensive laboratory components,
and consistent assessment have shown positive effects on student communication skills [1], [2]. Such
approaches also benefit instructors because they create shared expectations and reusable resources.
Rather than each instructor designing writing support independently, departments can develop
common guides, rubrics, video modules, and peer-review protocols.

The evidence also shows that writing development is linked to information literacy. Students
who can locate, read, and assess chemical literature are better equipped to craft meaningful
introductions and discussions. Conversely, students with weak literature skills may produce reports
that describe procedures but fail to connect findings to broader chemical knowledge. Peer review,
literature search assignments, and review article projects can therefore strengthen both writing and
research competence [15], [17].

However, writing interventions must be realistic. Chemistry courses are often content-heavy, and
instructors may have limited time for extensive writing feedback. For this reason, efficient strategies
are needed. Rubrics, peer review, calibrated examples, short, targeted tasks, and reusable video
workshops can make writing instruction feasible without overwhelming instructors. The goal is not to
turn every chemistry course into a composition course, but to embed writing tasks that directly support
chemical reasoning.

Practical Recommendations for Chemistry Instructors. First, instructors should make the
purpose of each report section explicit. Students should know that the introduction justifies the
experiment, the Methods section supports reproducibility, the Results section presents evidence, and
the discussion section explains what the evidence means. Providing annotated examples can help
students see these functions in practice.

Second, instructors should assign smaller writing tasks before full reports. Figure captions,
claims supported by data, short discussion paragraphs, and error-analysis explanations are useful
preparatory exercises. These tasks are easier to grade and can target specific weaknesses.

Third, writing rubrics should focus on scientific reasoning as well as language accuracy.
Grammar matters, but a grammatically correct report can still be scientifically weak if it lacks
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interpretation. Rubrics should therefore assess evidence, logic, data commentary, section coherence,
citation use, and chemical accuracy.

Fourth, peer review should be structured and required before final submission. Students should
be trained with examples and rubrics so that their comments address scientific content, not only
surface-level errors. Requiring revision after peer review increases the instructional value of the
process.

Fifth, departments should support ESL and graduate students through writing groups, manuscript
workshops, and mentoring. These students often need support not only with language but also with
publication strategy, literature synthesis, and disciplinary argumentation [16], [17].

Future Directions. Future research should examine how digital tools, artificial intelligence,
collaborative platforms, and automated feedback systems can support chemistry writing without
replacing human judgment. These tools may help students identify grammar errors, improve
readability, or organize references, but they cannot fully evaluate chemical reasoning, experimental
validity, or the appropriateness of interpretation. Therefore, digital tools should be integrated carefully,
with attention to academic integrity and disciplinary accuracy.

Another important direction is the development of writing support for multilingual chemistry
students. More research is needed on how students negotiate language, disciplinary conventions, and
cultural expectations in scientific writing. Writing centers, chemistry departments, and graduate
supervisors can collaborate to create discipline-specific support rather than relying solely on general
academic writing services.

Finally, more longitudinal research is needed. Many studies evaluate improvement within a
single course, but writing development occurs over years. Future studies should track student progress
across multiple courses and examine how early writing instruction affects later research participation,
graduate success, and publication readiness.

Conclusion. Chemistry students should systematically develop their scientific writing skills
throughout the curriculum. Students commonly face challenges related to report structure, results and
discussion writing, hypothesis formulation, chemistry-specific style, data presentation, literature use,
and language barriers. You can address these difficulties by using scaffolded assignments, writing-to-
learn activities, peer review, interactive workshops, information-literacy instruction, and graduate-level
review article writing.

The most effective approaches are explicit, iterative, and discipline-specific. When writing
instruction is coordinated across chemistry courses, students are more likely to develop the ability to
communicate experimental results clearly and to participate confidently in the scientific community.
Chemistry programs should therefore treat writing not as a peripheral requirement but as an essential
component of scientific training.

Funding. No specific funding was reported for this review paper.

Conflicts of Interest. The author declares no conflict of interest.

Conclusion and Recommendations for Departmental Frameworks. The evidence reviewed in
this paper confirms that scientific writing is an inseparable component of chemical practice, essential
for the development of scientific literacy and professional identity. However, the efficacy of
instruction depends heavily on pedagogical structure. The literature consistently highlights that
fragmented, course-specific assignments are insufficient for long-term improvement. Instead,
departments must adopt sustainable, vertically integrated frameworks that transition students from
nominal chemical literacy to the multi-dimensional understanding required for professional research
and practice.

Central to these frameworks are three evidence-based pillars: early intervention, iterative
feedback, and rigorous peer review.

The Pillars of Sustainable Writing Pedagogy

1. Tterative Feedback and Scaffolding: Moving beyond static assignments, pedagogical
models such as the "progressive paper” where students revise sections based on actionable,
prescriptive feedback—have proven highly effective. Feedback must address the synthesis of content,
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structural form, and contextual application to produce meaningful qualitative changes in student
writing.

2. Institutionalized Peer Review: Peer review serves as more than an editing tool; it is a
mechanism for developing student objectivity and self-examination. When integrated directly into
laboratory curricula—such as through Argument-Driven Inquiry—peer review allows students to treat
writing as an authentic scientific practice rather than an academic exercise. This process prepares
students for the collaborative nature of professional science.

3. Context-Driven Instruction: To foster deep epistemic understanding, writing tasks must be
grounded in information literacy and critical review. By moving toward a curriculum that treats writing
as a scaffolded skill—developed from introductory courses through capstone research—departments
can ensure that graduates are equipped to communicate complex scientific phenomena effectively.

To assist departments in transitioning toward these models, the following strategic framework is
recommended based on the synthesis of current educational research.

Table 5- Strategic Intervention Framework for Chemistry Departments

Strategic . Pedagogical Focus Expected Outcome

Intervention

Departmental Moving from course-based to uniform,/Consistent writing standards and
Integration scalable curricula (e.g., video workshops). [reduced faculty barriers.

Iterative PeerDouble-blind group reviews integratedEnhanced objectivity, critical thinking,
Review into lab modules. and communication skills.

Progressive Incremental writing assignments (e.g.,Longitudinal improvement in report
Scaffolding progressive papers) with feedback loops. |structure and data synthesis.
Professional Incorporating research proposals, literatureDirect  preparation for  capstone
Alignment reviews, and oral presentations. research and chemical industry careers.
Literacy Evaluating sources and developing/Advancement from functional to
Development arguments based on chemical concepts.  |multi-dimensional chemical literacy.

As chemistry curricula evolve, the priority must be to create environments where writing is
recognized as a vital scientific competency. By embedding these strategies into the undergraduate
experience, chemistry departments can ensure that students move beyond the basic ability to record
observations, ultimately gaining the capacity to articulate complex arguments, contribute to scientific
discourse, and succeed in the professional chemical sciences.
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METAKOI'HUTUBHBIE CTPATEI'NU KAK METO/Jl @OPMHUPOBAHUSA
HAYYHOTI'O CTUJISA MBIIIVIEHUS CTAPIHEKJIACCHUKOB ITPU U3YUYEHUU
BNOJIOT'MHN

Annomayus

Mopepuausanus oOpa3oBaTenbHOM cucteMbl Pecrybnuku Kazaxcran AuKTyeT HEOOXOAMMOCTH
mepexojia OT TPAHCISIUU TOTOBBIX 3HAHUUW K (OPMHUPOBAHHIO HAYYHOTO MHPOBO33peHUs. B
YCJIOBHSIX TIpEnojiaBaHusi OWOJOTHMU B CTapIIMX Kiaccax cpeaHeil mkoiasl Nel35 r. Anmarel 3TO
TpeOyeT BHEIPEHNUS UHCTPYMEHTOB, Pa3BUBAIOIINX CTUJIb HAYYHOTO MBINUICHHs. MeTaKOTHUTHBHBIC
CTpaTEeTUH TO3BOJISIIOT YYalIMMCS PAaclo3HaBaTh U KOPPEKTUPOBATH CBOM KOTHUTHUBHBIE MPOIIECCHI,
YTO BaXXHO /s TIOyOOKOTO TMOHUMAaHUS €CTeCTBEHHOHAYyYHOW KapTHHBI Mupa. MccrnemoBaHue
OCHOBaHO Ha (QyHIaMeHTalbHBIX paborax J[x. ®neiiBeruta (Kowmenuwus Meranos3Hanus), JIx.
HoBaka (Metox otoOpaskeHusi MmoHsTHIA), Takke Ha uaen JI.C. BBITOTCKOro 0 pa3BUTHH BBICHIMX
ncuxudeckux QyHkui u pediekcoB. B KOHTEKCTe Ka3axCTaHCKOTO 00pa30BaHMs PacCMaTPUBAIOTCS
MPUHIMIGL  (PYHKIIMOHAILHON TPaMOTHOCTH U OOHOBIEHHOTO coJepkaHus oOyudeHus. B xoge
OTIBITHO-DKCIIEPUMEHTAILHON paOOThl BHEIPEH KOMILIEKC METAKOTHUTHBHBIX CPEACTB, B TOM YHCIIE
«MeTaKkOrHUTHUBHBIE KOHTPOJIbHBIE JIUCTBI», KOTOPBIEC YUYalIUECs UCIOJIb3YIOT 0, BO BPEMs U MOCIIE
BBITIOJTHCHUST JTAOOPATOPHBIX M MPAKTUYECKHX paldoT. ODTH JUCTHI TO3BOJSIOT  yYaIAMCS
CaMOCTOSITENIFHO TUTAHUPOBATh HCCIEAOBAaHUS, TPOTHO3UPOBATH pE3yNbTaThl U  PeIICKCUBHO
OIICHUBAaTh CBOM COOCTBEHHBIE CTPAaTeTWW MBINUICHUS. Takke WCIOJIB30BATNChH METOJbI
KOHIIENTYaJIbHOTO KApTUPOBAHUS U aHATN3a MPOOIIEMHBIX OMOOTHYECKUX CUTyanuid. TecTupoBaHue
ATUX METOJIOB TMOKA3aJI0 KaYeCTBEHHBI POCT HAYYHOT'O CTHJISI MBINUICHHUS: ydalluecss ctaiu Ooee
3(¢(}HEeKTHBHO BBISBIATh NPUUYUHHO-CICICTBEHHBIE CBSI3M W 0oJiee CO3HATENBHO MPUMEHSTh
TEOPETHYECKUE 3HAHUS JUIsI PEHICHUS TPAKTUYSCKUX 3a7ad. BHeIpeHne MeTaKOrHUTHBHBIX
KOHTPOJBHBIX JINCTOB CIIOCOOCTBOBANIO MPEBPAIIIEHUIO MACCUBHOTO YCBOSHUSI MaTepuasa B aKTUBHOE
(dbopMUpOBaHHE HAay4YHOTO MHUPOBO33PEHUS, YTO MOIATBEP)KIACTCS pe3yibTaTaMu MeAarornyeckoiu
JMArHOCTUKU Y MOBBILIEHHBIM UHTEPECOM K HAYYHO MCCIIEIOBATENbCKOM ACSITEIBbHOCTH.
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