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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 APHAJIT'AH I'bIJIBIMHU KA3Y JATABIJIAPBI:
KEH TAPAJIFAH KUBIHABIKTAP MEH TUIMAI CTPATEI'UAJIAP

Anoamna

Feutbimu xa3zy KociOM XUMHUSHBIH HETI3T1 Kypamjaac OesikTepiHiH Oipi OOk TaObLIaIbI.
JlerenmeH, OakaliaBpuaT »KOHE MAarucTparypa CTYACHTTEpl Kallllbl aKaJeMISUIBIK >KazydaH
TEXHHUKAJIBIK, TIOHIe TOH FBUIBIMH KOMMYHHUKAIMSFa KOy OapbIChIHIA KU1 KUBIHIBIKTapFa Tall
Oomanpl. by momy xumus OiTiMiHACTI Ka3yFa KaThICThI KSH TapajiFaH MOceNeep/Ii )KUHAKTANIbL.
OuapIbIH KaTapblHa 3€PTXaHAJIBIK €CENTEP/IiH KYPBUIBIMBI, HOTH)KEIEP MEH TalIKblUIay OemiMIepiH
kKazy, THUIOTe3a KYpacThIpy, HIEPEKTEpi YCBIHY, XHMHsSIFa TOH J>Kazy epexenepi, FhUIBIMH
oneOueTTepl MaijanaHy »oHE aFbUIIIBIH TUNH EKIHII TiJd PeTiHIe MEHrepyIIUIepIiH TUIIIK
Keleprijepi kataapl. Makanana CoOHIali-aK THIM/II MTeJaroruKalIbIK CTPATerusuIap KapacThIPhLIA b,
OuapIplH iMIHAE Ke3€H-KE3CHIMEH KYPBUIBIMIAIFAaH TalchipMaliap, FBUIBIMUA KYPHAJI CTHIIIHJIETI
’kasy, OKy apKbuIbl jxka3y (Writing-to-learn) amictepi, KaauOpieHIeH )KoHE KOC COKBIP pelleH3usIIay,
WHTCPAKTHBTI OCiHHE CeMUHapJiap, aklapaTThIK CayaTThUIBIKTBI JaMBITyFa apHaJFaH OKBITY JKOHE
MarucTpaTypa JeHreiiHIeri moxy MaKajlalapblH jka3zy Taxipuoeci 6ap.

OaelduerTepre KYpri3iireH Tajajaay CTyIEeHTTEpIiH >Ka3zy JaFabplUiapbl €H TUIMII TYpAe OKBITY
HaKTBI, OJKYHelll, ToHTe OarbITTalFaH MOHE OKYy OarJapiaMachlHBIH OapiiblK Ke3CHIEpiHe
KIPIKTIpIATeH jKaFJaiiia 1aMUTBIHBIH KepceTei. SIFHu, a3y AarabUIapblH JaMbITy TEK Oip MOHHIH
meHOepiHae oKiayianOai, OyKisl oKy OarmapiamMachkl OOWBIHIIIA JKY3€Te aChIPBUTYBl THIC. XHUMHUS
CTYIEHTTEpIH Kipicme JEHTreiieri 3epTXaHalblK ecenTep/eH OacTan FhUIBIMA Makala CTHIIIHJETI
Kypaeni jka30a >KyMbICTapblHa JIeHiH KOoJiJayFa apHAJFaH MPAKTHKAIBIK KadeapalblK KYPBUIBIM
ychiHbUIabl. JKanmel anFaHia, FRUIBIMU JKa3y TeK KOMMYHUKAlMsA Kypajibl PeTiHIE FaHa eMec,
COHBIMEH KaTap XHMMSUIBIK OMJIay KaOUIeTiH, KOCIOM COMKECTIKTI oHE FHUIBIMU KaybIMJIACTHIKKA
KATBICY/Ibl JAMBITY MEXaHU3MI PETIH/I€ KapacThIPBUTYHI THIC.

KinT ce3nep: FoUTBIMU Ka3y, XUMHS O1TIMI, 3epTXaHAIBIK €CENTeP, OKY apKbUIbI ka3y (Writing-
to-learn), perieHsusiay, aKmaparThIK CayaTThUIBIK, MArUCTPaTypa JCHIeHiHIET1 kKa3y, aKaJeMHUSITBIK
KOMMYHHKAITHSI.
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HABBIKM HAYYHOT'O IUCBMA JJIAA CTYAEHTOB-XUMHUKOB:
PACIIPOCTPAHEHHBIE TPYJJHOCTH U D®PEKTUBHBIE CTPATEIUA

Annomayus
Hayuynoe mnuceMoO sBJSIETCS OHOM W3 KIIOUEBBIX COCTABISIOMMX TMPOodecCHOHATbHOM
JeSTeIbHOCTH XUMUKA, OJIHAKO CTYISHTHl OakaniaBpuaTa M MarucTpaTypbl YacTO HCIBITHIBAIOT
TPYAHOCTH TIPU TEPEX0Jie OT OOIIET0 aKaJIeMHYECKOro MUChbMa K TEXHUYECKOW, MUCIUTUTMHAPHO-
crnenuuIeckol HaydYHOH KOMMYHUKAaNUU. B manHOM 0030pe 0000maroTcs MCCleA0BaHuUs,
MOCBAMIEHHBIE PACTIPOCTPAHEHHBIM TIpOOJeMaM THUCHMEHHOW TOJATOTOBKHM B XUMHYECKOM
o0pa3oBaHMM, BKIIOYasi TPYAHOCTH CO CTPYKTYpPOH JTaOOpaTOPHBIX OTUETOB, HAMMMCAHUEM Pa3JIeioB
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pe3ynbTaToB W OOCYXIeHHs, (HOPMYIHPOBAHHMEM THUIOTE3, IMPEACTABICHUEM JIaHHBIX,
coOmroieHeM Ccrenu(UUECKUX Ui XMMHH HOPM W CTaHIapTOB, HCIIOJB30BAHHUEM HAY4YHOM
JUTEPATypbl, a TaKXKe S3bIKOBBIMH OaphepamMu, C KOTOPBIMHU CTAJKUBAIOTCS H3YYaroIIne
AHTJIMHACKUH A3BIK KaK BTOPOU.

B cratbe Tarke paccMmarpuBaioTcs 3()(EKTHBHBIC IMMEAArOrMYeCKUEe CTPATEIWH, BKIFOYAst
[O3TAITHO CTPYKTYPHUPOBAaHHBIC 3aJaHMs, HamucaHue pabor B (opmare HAyYHBIX >KypHAJIOB,
METOABl «00y4deHHs depe3 mmcbMo» (Writing-to-learn), kamuOpoBaHHOE ¥ JABOMHOE CJIEMOE
peLeH3UPOBaHUE, HHTEPAKTUBHBIC BHICOCEMHUHAPBI, 00ydeHne MH()OPMAIIMOHHONW TPAMOTHOCTH U
HanucaHue 0030PHBIX CTaTeil HA YPOBHE MarkCTPaTyPhI.

AHanM3 JTUTEPaTyphl MOKA3bIBAET, YTO KAYECTBO CTYACHUCCKMX MHCHbMEHHBIX paboT Hanbosee
3(pPEKTUBHO yIydlIaeTcs TOr[Aa, KOrda oOOydeHHe SBISETCS YETKUM, CHCTEMATHYECKUM,
OPMEHTHPOBAHHBIM Ha KOHKPETHYIO JMCIMIUIMHY W WHTETPUPOBAHHBIM B y4eOHYIO MpOrpammy, a
HE OrpaHHYUBACTCS OTICIbHBIM KypcoM. sl MOIAEPKKH CTYICHTOB-XHMHKOB IpEIiaraeTcs
npakTHuecKass KadeapanbHas MOJENb, OXBATHIBAIOIIAs pa3BUTHE IHCbMEHHBIX HABBIKOB OT
HaYaJIbHBIX JTA0OPATOPHBIX OTYETOB JI0 TIOATOTOBKH PYKOIUCEH B popMaTe HaydHBIX CTATCH.

B 1ie70M HaydHOE MHCHMO CIIEAYET PacCMaTPHBATh HE TOJBKO KAaK CPEICTBO KOMMYHHKAIIHH,
HO M KaK MEXaHHW3M Pa3BUTUSA XMUMHYECKOTO MBIIUICHUS, MPOPECCHOHATBHON HICHTUYHOCTH H
y4acTusi B HAyYHOM COOOIIECTBE.

KiroueBble cj10Ba: Hay4YHOE MHUCHMO, XHMHYECKOE OOpa3oBaHHe, Ja0OPAaTOPHBIE OTUYETHI,
oOyueHne 4epe3 MHChMO, PEICH3UPOBaHKHE, WH()OPMAIIMOHHAS IPAMOTHOCTh, MUCHMO Ha YPOBHE
MarucTpaTrypbl, akaJeMHUecKas KOMMYHHUKAIHS.

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 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
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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 1- Paradigms of Scientific Communication Instruction in Chemistry

Feature Traditional/Fragmented Model Comprehensive/Integrated Model
Curricular Course-specific; isolated|Departmental, multi-year, or “bookend” design
Scope assignments [5] [7]

Instructional |Implicit; emphasizes the “rhetoric[Explicit; emphasizes knowledge generation
Focus of conclusions” [3] and the writing process [3]
Instructional Discipline-specific instruction integrated with

Generic writing guidance [6]

Methods information literacy and ethics [8]

Scalability !_ow; dependent on individuaIHig_h; utiliz.es scaffolded assignments, peer
instructor interest [5] review, and interactive video workshops [9]

Professional Incidental reporting offintegrated  development of career-ready.

Goal experimental results scientific 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
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].
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Scientific Writing Workflow for Chemistry Students
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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 J

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 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

27




BECTHHK KasHIIY um. A6as, cepusi «<EcmecmsenHo-2eoepaguueckue Haykuy, 2(88), 2026 a.

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

“— & « - ==k

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 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
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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 difficulty

Likely consequence

Effective support

Report structure

Confusing the functions of
Introduction, Methods, Results,
and Discussion

Fragmented reports with weak
argument flow

Explicit genre instruction
and model analysis

Results and
Discussion

Reporting data without
interpretation or making claims
without evidence

Weak chemical reasoning and
unsupported conclusions

Guided questions, annotated
examples, and revision

Technical style

Informal language, vague terms,
grammar and mechanics errors

Reduced clarity and
professional credibility

Chemistry-specific writing
exercises

Data
presentation

Poor integration of tables,
figures, and spectra

Evidence is present but not
used effectively

Figure-caption practice and
data commentary

Literature use

Limited reading habits and weak
citation integration

Poor context and weak
justification of claims

Information-literacy
instruction and peer review

ESL/graduate
writing

Language barriers plus difficulty
writing for publication

Slow manuscript development
and low confidence

Writing groups, mentoring,
and publication-oriented
courses
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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

The 'Reality Gap': Writing textbook Passive acceptance of paradigms; lack of
theory rather than observed results [18]. |experimental confidence [18].

Difficulty synthesizing 'Results and
Structural |Discussion’ and 'theoretical
bibliographic' content [14].
Ambiguity in scientific nomenclature  [Second-language barriers; lack of familiarity

Conceptual

Inadequate reading habits; limited exposure
to academic literature [14].

HINGUISKIC lang terminology [19]. with scientific register/precision [19].
Pedagogical Inconsistency in report structure and Fragmented, course-by-course instruction
9% expectation across modules [19]. lacking a coordinated approach [19].

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.
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Scaffolded Model for
Developing Chemistry Writing Skills

Caption Experimental Results ; ; Full lab Journal-style
4 - e Discussion )
writing section description report manuscript

Instructor Peer review Revision
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.

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
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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.

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

First year Second year Third year Fourth year Graduate level
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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.

Table 4 - Suggested progression of chemistry writing instruction across the curriculum

captions

Curriculum level | Primary writing goals Example assignments Recommended
feedback

Introductory Observation, accuracy, Short lab reports, data Checklist and brief

chemistry basic structure descriptions, figure instructor comments

Organic/analytical

Methods, evidence, and

Experimental sections,

Rubric-based

conference abstracts

laboratory section coherence Results paragraphs, feedback and
journal-style mini reports | revision
Upper-level Scientific argument and | Full IMRAD reports, Peer review plus
laboratory literature integration literature-supported instructor
Discussion sections conferences
Research/graduate | Publication-oriented Review articles, Mentoring, writing
level communication manuscripts, proposals, groups, and iterative

revision
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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
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,
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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.
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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. Iterative 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, 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.
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Table 5- Strategic Intervention Framework for Chemistry Departments

Strategic

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

Iterative Peer|Double-blind group reviews integrated into|[Enhanced objectivity, critical thinking,
Review 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, literature |Direct preparation for capstone research
Alignment  [reviews, and oral presentations. and chemical industry careers.

Literacy Evaluating sources and developing Advancement from functional to multi-
Development jarguments based on chemical concepts. dimensional chemical literacy.

Pedagogical Focus Expected Outcome

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'NIA KAK METO/{
OOPMHUPOBAHUSA HAYUYHOI'O CTUJIA MbBIIIIJIEHU A
CTAPHIEKJIACCHHUKOB IIPU U3YYEHUU BUOJIOT'UA

Annomayus

MonepHu3anus obpa3zoBarenbHoll cucteMsl Pecybnuku Kazaxcran aukTyeT HeoOXOAMMOCTb
nepexoAa OT TPAHCISIIUK TOTOBBIX 3HAaHWM K (OPMHUPOBAHUIO HAYYHOTO MHPOBO33peHHs. B
YCIOBUAX TpPENoAaBaHusi OMOJIOTMM B CTapLIMX Kiaccax cpeaHed mkonbl Nel35 r. Ammatsl 310
TpeOyeT  BHEAPEHHS  WMHCTPYMEHTOB,  pa3BUBAIOIIMX  CTWJIb  HAyYHOTO  MBINUICHUS.
MeTakOrHUTUBHBIE CTPAaTeTMd MO3BOJSAIOT YYallUMCsS Ppaclo3HaBaTh U KOPPEKTHPOBATH CBOM
KOTHUTHUBHBIE MPOIECCHI, YTO BAXKHO JUISl TIyOOKOIO MOHMMAHUS €CTECTBEHHOHAYUYHON KapTHUHBI
mupa. MccnenoBanue ocHoBaHO Ha (yHnameHTanbHbIX paborax Jx. dreiiBera (Konuemnmus
Metano3Hanus), Jx. Hosaka (Meton oToOpaxkeHus: noHsATuil), Taxke Ha uaeu JI.C. Beirorckoro o
Pa3sBUTHM BBICIIMX ICUXUYECKUX (yHKIMH u pedrekcoB. B KOHTEKCTe Ka3aXCTaHCKOTO
o0Opa3oBaHMsl pPacCMAaTPUBAIOTCA NPUHLUIBI (YHKIMOHAIBHOM T'PaMOTHOCTH U OOHOBJIEHHOTO
cojepkaHuss oOyueHus. B Xozme ONBITHO-3KCIIEpUMEHTANbHOW pabOThl BHEIPEH KOMILIEKC
METaKOTHUTUBHBIX CPEICTB, B TOM uucie «MeTaKOrHUTUBHbIE KOHTPOJbHBIE JIUCTBD», KOTOPHIE
ydaluecst UCTOoJIb3YIOT JI0, BO BpeMsl U TIOCJI€ BBITOJIHEHUS J1a00paTOPHBIX U MPAKTHYECKUX padoT.
OTHU JIUCTHI MO3BOJIAIOT YYAIIUMCSI CAaMOCTOSITENIBHO TUIAaHUPOBATh UCCIIEJOBAHMSI, TPOrHO3UPOBATh
pe3yabTaThl M peQUIeKCUBHO OLIEHUBaThb CBOM COOCTBEHHBIE CTpaTeruy MbIIuIeHUs. Takxke
HCIOJIb30BAJIMCh ~ METO/bl  KOHIIENITyaJIbHOTO  KapTUpPOBaHMS U aHalu3a  MPOOJIEMHBIX
Ouosornyeckux cutyaunuil. TecTupoBaHMe ITHUX METOJIOB [MOKA3al0 KAaueCTBEHHBIH POCT HAy4yHOTO
CTHJIS MBILUIEHUS: yJaluecs ctaiu 6osee 3p(eKTUBHO BBISBIATh MPUUNHHO-CIIEICTBEHHBIE CBS3H
u 0Oosiee CO3HATENBHO NMPUMEHATh TEOPETUYECKHE 3HAHUS JJIS PELIeHUs MPAaKTUYECKHX 3ajad.
BuenpeHre METaKOTHUTUBHBIX KOHTPOJIBHBIX JIUCTOB CIIOCOOCTBOBAJIO MPEBPALLEHUIO TACCUBHOTO
YCBOGHHSI MaTepHaja B aKTUBHOE (DOPMUPOBAHHE HAYYHOTO MHUPOBO33PEHUS, YTO MOJITBEPHKIAALTCS
pe3yinbTaTaMy  NEJIarori4ecKod  JUarHOCTMKHM M TOBBIIIEHHBIM HMHTEPECOM K  Hay4HO
HCCIIEI0BATENbCKON AESTEIbHOCTH.

KutoueBble c10Ba: METaKOTHUTUBHBIE CTpaTeTMH, HAYYHOE MUPOBO33PEHHE, HAYUHBIH CTUIIh
MBILIUIEHUS, OHOoT0rnyeckoe 00pazoBaHKe, CTApIIEKIACCHUKH, TUCTHI METAKOTHUTUBHOTO KOHTPOJIS
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