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Developing Students’ Skills in Experimental Data Analysis and
Scientific Argumentation in Physics through a Claim-Evidence-
Reasoning and Content and Language Integrated Learning Approach

Berikkhan K.A*., Turgali B.K., Anifowose Omolaja Micheal, Suleimenova G.A., Yersinkyzy E.

Nazarbayev Intellectual school of Science and Mathematics, Semey, Kazakhstan

Abstract

Background and purpose: Physics learning requires students not only to calculate numerical answers,
but also to interpret experimental data and justify conclusions. In the observed Grade 12 physics
classes, students could often identify a trend in count-rate data, but they found it difficult to connect
guantitative evidence with scientific reasoning in English. This Lesson Study therefore examined
whether a Claim-Evidence-Reasoning (CER) framework integrated with Content and Language
Integrated Learning (CLIL) support could improve students’ data analysis and scientific argumentation
during the topic of radioactive decay.

Aims: The study focused on improving students’ ability to analyse count-rate data, construct graphs,
explain the probabilistic nature of radioactive decay, and write evidence-based explanations using
appropriate subject-specific English vocabulary.

Research design or methodology: The research was conducted as a Lesson Study cycle in two Grade
12 physics classes with students aged 16-17. The final analysis included 28 students: 14 in the
experimental group and 14 in the comparison group. Physics in Grades 11 and 12 at the school is
delivered fully in English; therefore, the CLIL element was used to strengthen students’ academic and
scientific language rather than to replace subject instruction. Three research lessons were designed
around guided inquiry, graph interpretation, and written CER explanations. Data were collected
through a physics subject test, a CER writing rubric, a CLIL scientific communication rubric,
observation checklists, focus-student observations, and short post-lesson interviews.

Findings: The experimental group outperformed the comparison group in the post-test total CER
score: 8.4 + 1.6 versus 6.9 + 1.5 points; t(26) = 2.56, p =.017, d = 0.97. Checklist data also showed
positive changes: students correctly connecting evidence with reasoning increased from 42.9% to
71.4%, and students using at least two pieces of quantitative evidence increased from 50.0% to
78.6%.

Conclusions, originality, value and implications: The findings suggest that CER-oriented CLIL
scaffolding can help students move from simple observation of data to structured, evidence-based
scientific explanation. The model is practical for physics topics requiring data interpretation, graph
construction, and written argumentation in English-medium science classrooms.

Keywords: Claim-Evidence-Reasoning scaffolding; Content and Language Integrated Learning; physics;
lesson study; guided inquiry; count-rate data analysis; scientific argumentation; radioactive decay

* Corresponding author: berikhan_k@sm.nis.edu.kz



Context

The study took place at Nazarbayev Intellectual school of Science and Mathematics in Semey,
Kazakhstan. The participants were Grade 12 students aged 17-18. The school implements multilingual
education, and physics in Grades 11 and 12 is taught fully in English. For this reason, the CLIL
component of the intervention focused on supporting students’ use of academic and subject-specific
English during physics learning, including key vocabulary, sentence frames, and structured
explanations.

The topic selected for the Lesson Study was radioactive decay and radioactive transformations.
This topic was appropriate because it requires students to interpret count-rate data, identify patterns
in graphs, explain the random and probabilistic nature of decay, and apply conservation of charge and
nucleon number in nuclear equations. These requirements provided a strong context for combining
experimental data analysis with scientific argumentation.

Two parallel Grade 12 classes participated. The final data set included 28 students: 14 students in
the experimental group and 14 students in the comparison group. The comparison group studied the
same physics content using the usual explanation, worksheet, and discussion format. The
experimental group studied the same content with explicit CER scaffolding and CLIL-based language
support. Student names were anonymised in the report, and three focus students were labelled A, B,
and C.

The two Grade 12 classes were selected through convenience sampling because they were
parallel groups taught by the same physics teacher during the same unit. The classes followed the
same curriculum and were not randomly assigned. However, the entry CER scores showed no
statistically significant difference between the groups, which allowed them to be treated as broadly
comparable at the beginning of the study.

Co-researchers

The Lesson Study was conducted by a collaborative team that included the physics teacher / lead
researcher, a second subject teacher, and a teacher responsible for CLIL language support. The team
jointly planned the research lessons, observed students’ learning, analysed written work, discussed
focus-student progress, and revised the learning materials after each research lesson.

The co-researchers’ roles were distributed as follows:

Role Contribution

Physics teacher / lead Planned and taught the research lessons; designed the physics tasks;

researcher coordinated collection of assessment data.

Second subject teacher / Observed group work and focus students; recorded evidence on the

observer observation checklist; supported post-lesson analysis.

CLIL support teacher Reviewed language scaffolds, vocabulary support, and sentence frames;
observed students’ use of scientific English.

Lesson Study team Jointly analysed student products, compared predicted and observed
learning, and identified improvements for the next research lesson.




Overall Aims of the Lesson Study

e Toimprove students’ ability to collect, organise, and interpret experimental count-rate data
in physics.

e To strengthen students’ scientific argumentation through the Claim—Evidence—Reasoning
framework.

e To develop students’ use of accurate English scientific vocabulary in a fully English-medium
Grade 12 physics context.

e To refine teaching practice through collaborative planning, observation, and post-lesson
analysis.

e To produce a practical model that can be adapted for other physics topics requiring graph
interpretation and evidence-based conclusions.

Motivation and Need for the Lesson Study

The need for the Lesson Study emerged from classroom observations and initial assessment
results. Students could often read individual values from a table or graph, but many struggled to
explain what the data showed and why the evidence supported a scientific conclusion. In written
answers, some students listed observations without developing reasoning, while others used correct
physics terms without linking them to quantitative evidence.

This difficulty was particularly visible in tasks on radioactive decay. Students were expected to
explain count-rate changes, identify trends, and connect these trends to the random nature of decay
and to conservation laws in nuclear equations. The team decided that a CER-based structure could
make the logic of scientific explanation more visible: students would first state a claim, then support it
with evidence, and finally explain the physics reasoning behind the evidence.

Because Grade 12 physics is delivered fully in English, the team also identified a language-related
need. Some students understood the content but hesitated when writing explanations in English.
Therefore, CLIL supports were integrated into the intervention: a bilingual glossary where
appropriate, key English terms, sentence frames for graph explanation, and model phrases for linking
data to conclusions.

Focus and Research Questions

The Lesson Study focused on a sequence of research lessons in which students interpreted
count-rate data and explained radioactive decay through structured CER writing. The central research
question was:

How does the integration of CER-oriented CLIL scaffolding in guided inquiry improve Grade 12
students’ ability to analyse count-rate data and construct evidence-based explanations of radioactive
decay?

The working hypothesis was that students would produce stronger scientific explanations if they
were provided with both a clear argumentation structure and language support for explaining data in
English. The team expected the greatest improvement in students with medium and low initial levels,
because these learners were more likely to benefit from explicit sentence frames, guiding questions,
and visual scaffolds.



Choice of, and Rationale for, Focus Students

Three focus students were selected to represent different levels of readiness in the class. Their

names are anonymised.

Focus student

Profile

Reason for selection

Student A

High-achieving student with strong prior
physics knowledge and confident English
communication.

Selected to observe whether the CER
structure would help a strong student move
beyond correct answers toward more
precise and logically structured scientific
argumentation.

Student B

Middle-achieving student with adequate
subject knowledge but inconsistent
reasoning in written answers.

Selected to represent students who can
identify data trends but need support to
connect numerical evidence to physical
laws.

Student C

Student with a lower starting level in
data interpretation and less confidence
in English scientific writing.

Selected to observe whether visual
prompts, sentence models, and step-by-
step CER scaffolding would support
participation and written explanation.

Predicted Outcomes Before the Research Lesson Sequence

Before the intervention, the team predicted what would probably happen if the topic were

taught in the usual way, without explicit CER scaffolding and without specially planned CLIL language

support.
Expected outcome with usual teaching Number of students predicted
Students likely to exceed all learning objectives 2
Students likely to achieve the main learning objectives 6
Students likely to still need additional support 6

The main concern was that a significant number of students would be able to complete

calculations or graphing tasks but would still produce weak written explanations. Therefore, the

research lessons were designed to make the relationship between data, claim, and physics reasoning

explicit.

Research Lesson Plan and Activities

The intervention was organised around three research lessons and a final post-assessment. The

original teaching cycle contained four learning episodes; for the Camtree report, the three main

research lessons are described separately, while the final written task is reported as the post-

assessment stage.




Stage Main focus Key activities Main evidence
collected
Research Understanding count-rate | Students interpreted count-rate | Observation checklist,
Lesson 1 data and the random nature of | data, identified decreasing trends, | focus-student  notes,
decay and practised writing simple claims. | student worksheets.
Research Graph  construction  and | Students worked with a simulator | Worksheets, CER
Lesson 2 evidence selection and/or count-rate data, | drafts, observer notes.
constructed  graphs,  selected
guantitative evidence, and used
sentence frames.
Research Full CER explanation and | Students wrote structured CER | Final CER responses,
Lesson 3 conservation laws explanations connecting count-rate | CLIL  rubric, focus-
data, radioactive decay, and | studentinterviews.
conservation of charge/nucleon
number.
Post- Measuring outcomes Students completed the final | Physics  test, CER
assessment subject and CER assessment; | rubric, CLIL rubric,

observers finalised checklists.

checklist data.

Research Lesson 1 (RL1)

Aims of RL1

e To activate prior knowledge of atomic nuclei, radiation, and count rate.

e To help students identify a decreasing trend in count-rate data.

e Tointroduce the CER structure as a way of organising a scientific explanation.

Predictions for Focus Students

Focus student Prediction

Student A Would quickly identify the trend and formulate a correct claim, but might not include
enough quantitative evidence unless prompted.

Student B Would notice that count rate decreases, but might describe the pattern generally
without linking it to decay.

Student C Would need visual guidance and sentence support to describe the graph and use the
term “count rate” accurately.

Observation and Analysis

e Student A quickly recognised that the count rate decreased over time and was able to identify

a meaningful pattern. However, the first written response was more descriptive than
argumentative. After the teacher asked, “Which numbers support your claim?”, Student A

added specific values from the data table.
e Student B initially wrote that “the graph goes down”. Through the CER prompt, this was

developed into a clearer claim that the activity of the source decreased over time. This

showed that the student could understand the trend but needed help to express the

evidence-reasoning link.

e Student C participated more actively when the task was supported by visual prompts and a
short list of key words. The student could point to the downward trend and, with peer
support, state that the number of counts became smaller over time. The team decided that



RL2 should include more modelling of how to move from “l see” statements to “This means”

statements.

Feedback from Focus Students after RL1

Student A: “The CER table helped me see what was missing from my answer.”
Student B: “l understood the graph, but the sentence starters helped me explain it.”

Student C: “The graph was easier when | used the words from the list.”

Research Lesson 2 (RL2)

Aims of RL2

To support students in collecting or using count-rate data and representing it graphically.
To help students choose at least two pieces of quantitative evidence.
To practise English sentence frames for explaining a graph and connecting evidence to

reasoning.

Predictions for Focus Students

Focus student Prediction

Student A Would construct an accurate graph and select appropriate evidence; could be

challenged to explain limitations or uncertainty.

Student B Would produce a correct graph but might need guiding questions to choose the most

relevant data points.

Student C Would need step-by-step support to complete the table and graph, but could produce

a basic claim if sentence frames were available.

Observation and Analysis

Student A constructed the graph accurately and used two numerical data points to support
the claim. The student began to use more precise reasoning, explaining that radioactive decay
is random at the level of individual nuclei but shows a predictable pattern for a large number
of nuclei.

Student B demonstrated the most visible improvement in this lesson. The student initially
selected evidence that was not the most relevant, but after discussing the criteria for good
evidence, selected two appropriate data points and linked them to the decreasing activity.
The sentence frame “This evidence supports my claim because...” was particularly helpful.
Student C completed the data table with group support and used the glossary to identify the
terms “activity”, “decay”, and “count rate”. The written response was short but contained a

claim and at least one piece of relevant evidence. The team noted that oral rehearsal before

writing increased the student’s confidence.

Feedback from Focus Students after RL2

Student A: “Using exact numbers made my explanation stronger.”
Student B: “Before, | wrote only what happened. Now | can add why the data proves it.”

Student C: “When | said my answer first, it became easier to write in English.”



Research Lesson 3 (RL3)

Aims of RL3

e To consolidate students’ ability to write a complete CER explanation.
e To connect count-rate data with the concepts of radioactive decay, randomness, and
conservation laws.

e To assess students’ use of scientific English in a structured written response.

Predictions for Focus Students

Focus student Prediction

Student A Would exceed the main objective by producing a well-structured CER answer with
detailed reasoning.

Student B Would meet the objective if reminded to include both evidence and reasoning.

Student C Would still require prompts but should be able to write a basic CER response with a
clear claim and relevant evidence.

Observation and Analysis

e Student A produced a structured explanation with a precise claim, two quantitative pieces of
evidence, and reasoning that connected the data to radioactive decay. The student also
mentioned possible measurement variation, which showed a deeper understanding of
experimental data.

e Student B successfully met the learning objective. Compared with RL1, the final written
answer had a clearer sequence: claim, evidence, and reasoning. The student still needed a
short reminder to use the linking phrase “therefore”, but the final response showed improved
coherence.

e Student C showed clear progress. The final response used simpler English, but it included a
claim and a relevant data point. The reasoning was supported by a sentence frame and
explained that the count rate decreased because unstable nuclei decayed. This was a
stronger response than the team had predicted before the sequence.

Feedback from Focus Students after RL3

e Student A: “The structure made the answer more scientific.”
e Student B: “I now know that evidence must be numbers from the graph or table.”

e Student C: “The beginning of the sentence helped me explain my idea in English.”

Findings

The quantitative and qualitative data indicate that the CER-oriented CLIL intervention improved
students’ ability to analyse experimental data and construct scientific explanations. Before the lesson
cycle, there was no statistically significant difference between the experimental and comparison
groups in total CER score. After the cycle, the experimental group achieved a higher total CER score

than the comparison group.



Indicator Experimental group | Comparison group (n | t(26) p d
(n=14), M£SD =14), M+ SD

Total CER score (0-12) 84+1.6 69+15 2.56 .017 0.97

Analysis of experimental data 8613 71+14 2.94 .007 1.11

(0-10)

Explanation of conservation 7.7+15 6.4+1.4 2.37 .025 0.90

laws (0-10)

Scientific communication in the 6.8+1.4 56+1.3 2.35 .027 0.89

CLIL context (0-8)

Increase in total CER score 3.2+1.2 18+1.1 3.22 .003 1.22

Note: The independent-samples Student’s t-test was used for two independent groups; d = Cohen’s d.

Checklist data from the experimental group also showed positive changes during the sequence:

Checklist indicator Lesson 1, n (%) Lesson 4 / post-
assessment, n (%)
Formulated a specific claim answering the question 8 (57.1%) 12 (85.7%)
Provided at least two pieces of quantitative evidence 7 (50.0%) 11 (78.6%)
Correctly connected evidence with reasoning 6 (42.9%) 10 (71.4%)
Correctly used at least three key CLIL terms 6 (42.9%) 10 (71.4%)

The comparison of expected outcomes and actual outcomes after the Lesson Study also suggests

improvement in the overall class profile:

Outcome category Predicted with Result after the Difference
usual teaching Lesson Study cycle

Students exceeding the learning objectives 2 4 +2

Students achieving the main learning 6 8 +2

objectives

Students still needing further support 6 2 -4

These figures suggest that the intervention was particularly beneficial for students who were
initially in the middle or lower range. The reduction in the number of students still needing further
support was consistent with the focus-student evidence, especially the progress of Students B and C.

Resources and Approaches Created or Trialled

e A CER written-response template requiring students to complete the sections “Claim”,
“Evidence”, and “Reasoning”.

e A CLIL vocabulary support sheet with key terms such as count rate, activity, decay, half-life,
random, evidence, reasoning, conservation of charge, and nucleon number.

e Sentence frames for explaining graphs, for example: “The data show that...”, “This evidence
supports the claim because...”, and “Therefore, we can conclude that...”.

e An observation checklist with indicators for data collection, graph interpretation, CER
argumentation, and use of scientific English.

e A CER and CLIL rubric for assessing final written explanations.



These resources can be reused in other physics topics, especially where students need to
interpret data and justify conclusions, for example thermal physics, electricity practical work, waves,

or mechanics experiments.

Significant Quotes

The following anonymised comments illustrate the impact of the Lesson Study intervention:

e Student B: “Before, | wrote only what happened. Now | can add why the data proves it.”

e Student C: “The beginning of the sentence helped me explain my idea in English.”

e Observer: “Students began to use numbers from the graph as evidence instead of giving only
general descriptions.”

e CLIL support teacher: “The language scaffold did not simplify the physics; it helped students
express the physics more clearly.”

Changes in Practice

The Lesson Study led to several changes in teaching practice. First, the physics teacher began to
treat written explanation as a planned part of experimental work rather than as an optional final step.
Second, the team found that sentence frames and vocabulary supports should be introduced before
data interpretation tasks, not only during writing. Third, the team decided to use the CER rubric more
regularly for practical and graph-based physics tasks.

The most important change was the shift from asking students simply to “explain the graph” to
asking them to state a claim, select evidence, and justify the link using physics reasoning. This made
the expected quality of explanation clearer for students and easier for teachers to assess.

Reflective Evaluation

Several parts of the Lesson Study worked well. The CER structure gave students a clear route for
writing scientific explanations. The CLIL supports reduced hesitation in English-medium writing and
enabled more students to participate in group discussion. The use of focus students helped the team
move beyond general impressions and examine how different learners responded to the same tasks.

The main challenge was time. Students needed enough time not only to collect and graph data
but also to discuss what the data meant. In future iterations, the team would reduce the number of
procedural tasks and provide more time for oral rehearsal before written CER responses. Another
challenge was ensuring that scaffolds supported students without making answers too mechanical.
This can be addressed by gradually reducing sentence frames as students become more confident.

Overall, the Lesson Study showed that structured argumentation and language support can be
integrated naturally into physics lessons. It also strengthened collaboration between subject and
language-focused teachers.

Ethical Considerations and Relationships

The study was carried out as part of normal classroom improvement practice. Students were not
disadvantaged by participation, and both groups studied the required physics content. Permission for
the use of anonymised classroom data for professional learning and reporting was obtained in
accordance with the school’s internal procedures. Students were informed about the purpose of the



Lesson Study, and participation in observations and short interviews did not affect their grades.
Student identities were anonymised in the report, and focus students are referred to only as Students
A, B, and C. The data were used to improve teaching and learning, not to label individual students.
The team ensured that observation focused on learning behaviours and student work rather than
personal characteristics. Written samples and observation notes were handled confidentially. Only
anonymised data are presented in the report. No student names, photographs, or identifiable
personal information are included. Any sharing of results within the school or beyond the school will

use anonymised examples only.

Dissemination of the Lesson Study Findings

The findings can be shared within the school through a professional learning community
meeting, a short workshop for physics and science teachers, and a shared folder containing the
Claim—Evidence—Reasoning template, Content and Language Integrated Learning glossary,
observation checklist, and assessment rubric. The findings can also be shared through teacher
professional learning communities and adapted by other physics teachers working in English-medium
science classrooms.

For wider dissemination, the team can present the approach at a school network meeting or
teacher research conference. The practical value of the work lies in its transferability: other teachers
can adapt the same CER-oriented CLIL structure for topics involving graphs, experimental data, and

scientific explanation.

Recommendations for Other Teachers or Schools

1. Start with a short and clear CER structure. Students should understand the difference
between claim, evidence, and reasoning before writing a full explanation.

2. Use real or simulated data that students can interpret themselves. The argument becomes
more meaningful when students have worked with the data.

3. Provide language support before the writing stage. Key terms and sentence frames should be
available during discussion and graph interpretation.

4. Observe a small number of focus students carefully. Their responses help reveal which parts
of the lesson need revision.

5. Use the same rubric before and after the intervention so that progress can be measured
consistently.

6. Gradually remove scaffolds. Once students understand the structure, reduce the number of
sentence starters so that students write more independently.

Next Steps

The next step is to apply the same CER-oriented CLIL approach to another physics unit that
requires data analysis, such as waves, electricity, or thermal physics. The team also plans to refine the
observation checklist so that it captures not only whether students use evidence, but also the quality
of the evidence and the accuracy of the reasoning. A further Lesson Study cycle could compare
different types of scaffolds, for example visual prompts, peer discussion, and model answers, to
identify which support has the strongest effect on different student groups.
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Additional Materials and Resources

e Appendix A: Sample Claim—Evidence—Reasoning template for radioactive decay.

e Appendix B: Observation checklist for Lesson Study observers.

e Appendix C: Claim—Evidence—Reasoning and Content and Language Integrated Learning
assessment rubric.

e Appendix D: Sample post-lesson interview questions.

e Appendix E: Content and Language Integrated Learning vocabulary support sheet.

e Appendix F: Sentence frames for Claim—Evidence—Reasoning explanations.
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Appendices

Appendix A. Sample CER Template

CER component

Student response prompt

Claim

What conclusion can you make from the data? Write one clear sentence.

count rate, half-life, and conservation laws.

Evidence Which numbers, points, or observations from the graph/table support your claim?
Give at least two pieces of evidence.
Reasoning Why does this evidence support the claim? Use physics ideas such as random decay,

Appendix B. Observation Checklist

Block

Indicator

Code

Data collection

Records count-rate data accurately.

1 =observed; 0 =not
observed

Graph interpretation

Identifies the decreasing trend in the graph.

1 =observed; 0 = not
observed

Evidence use

Selects at least two relevant quantitative pieces of evidence.

1 =observed; 0 =not
observed

Reasoning

Connects evidence to the physics concept of radioactive
decay.

1 =observed; 0 =not
observed

CLIL language

Uses at least three key English scientific terms accurately.

1 =observed; 0 =not
observed

Appendix C. CER and CLIL Assessment Rubric

and clear sentence
structure.

language errors.

meaning partly
unclear.

Criterion 3 points 2 points 1 point 0 points

Claim Clear, accurate Mostly correct Claim is present No relevant claim.
claim answering claim with minor but unclear or
the question. imprecision. incomplete.

Evidence Two or more One accurate Evidence is vague No relevant
accurate guantitative piece or partly irrelevant. | evidence.
guantitative pieces | of evidence or two
of evidence. with minor errors.

Reasoning Strong logical link Logical link is Weak or No reasoning.
between evidence | present but not incomplete
and physics fully developed. reasoning.
concepts.

CLIL scientific Accurate use of Mostly accurate Limited Language prevents

language key English terms terms with minor vocabulary; understanding.

Appendix D. Post-lesson Interview Questions

e What helped you understand the count-rate graph?

e Which part of the CER structure was easiest or most difficult?
e How did the vocabulary list or sentence frames help you explain your idea in English?

e What would help you write a stronger scientific explanation next time?

12




Appendix E. Content and Language Integrated Learning Vocabulary Support Sheet

This support sheet was used to help students understand and use key English scientific

vocabulary while analysing count-rate data and writing Claim—Evidence—Reasoning explanations.

Key term Meaning in physics Student-friendly Example sentence
explanation
count rate The number of counts How many radioactive The count rate
detected per unit time. emissions are detected decreased as time
each second or minute. | passed.
activity The rate at which How quickly a The activity of the source
unstable nuclei decay. radioactive source is becomes lower over
decaying. time.

radioactive decay

The random
transformation of an
unstable nucleus into a
more stable nucleus.

A process where
unstable nuclei change
and emit radiation.

Radioactive decay is
random for individual
nuclei.

linking evidence to the
claim.

proves the claim.

half-life The time taken for the The time for the count The half-life can be
activity or number of rate to reduce by half. estimated from the
undecayed nuclei to fall graph.
to half of its initial value.

random An event that cannot be | We cannot know exactly | Decay is random, but a
predicted exactly for a when one nucleus will large sample shows a
single nucleus. decay. predictable pattern.

claim A clear scientific What you think the data | The count rate decreases
conclusion that answers | show. over time.
the question.

evidence Relevant data or Numbers or graph At O minutes the count
observations that points that prove your rate was high, but at later
support the claim. claim. times it was lower.

reasoning The physics explanation Why the evidence This evidence supports

the claim because
unstable nuclei decay
over time.

conservation of charge

Total charge is the same
before and after a
nuclear transformation.

Charge is not lostin a
nuclear equation.

The nuclear equation
must conserve charge.

nucleon number

The total number of
protons and neutrons in
the nucleus.

The mass number of the
nucleus.

The nucleon number
must be conserved in
radioactive
transformations.
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Appendix F. Sentence Frames for Claim—Evidence—Reasoning Explanations

These sentence frames were used during group discussion and written work. They were

introduced as temporary scaffolds and gradually reduced as students became more confident.

Purpose

Sentence frame

Example for radioactive decay

Making a claim

The data show that ...

The data show that the count rate
decreases over time.

Making a claim

My claim is that ...

My claim is that the activity of the
source becomes lower as time
passes.

Selecting evidence

One piece of evidence is ...

One piece of evidence is that the
count rate was higher at the
beginning than at the end of the
experiment.

Selecting evidence

Another piece of evidence is ...

Another piece of evidence is the
downward trend shown on the
graph.

Linking evidence to claim

This evidence supports the claim
because ...

This evidence supports the claim
because unstable nuclei decay and
the activity decreases.

Explaining the physics

This happens because ...

This happens because radioactive
decay is random for individual
nuclei but follows a predictable
pattern for a large sample.

Using conservation laws

The equation is balanced because

The equation is balanced because
charge and nucleon number are
conserved.

Concluding

Therefore, we can conclude that

Therefore, we can conclude that
the source becomes less active
over time.

Evaluating data

There may be variation in the
data because ...

There may be variation in the data
because radioactive decay is
random and measurements have
uncertainty.
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