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Introduction

In 1999, the Ministry of Education published a new curriculum for Ontario secondary
school students in Grades 9 and 10. The new curriculum is more specific than previ-
ous curricula with respect to both the knowledge and the skills that students are
expected to develop and demonstrate in each grade. In the curriculum policy docu-
ment for each discipline, teachers are provided with the curriculum expectations for
each course within the discipline and an achievement chart that describes four levels
of student achievement to be used in assessing and evaluating student work.

The document entitled The Ontario Curriculum, Grades 9-12: Program Planning and
Assessment, 2000 states that “assessment and evaluation will be based on the provin-
cial curriculum expectations and the achievement levels outlined in this document
and in the curriculum policy document for each discipline” (p. 13). The document
also states that the ministry is providing a variety of materials to assist teachers in
improving their assessment methods and strategies and, hence, their assessment of
student achievement. The present document is one of the resources intended to pro-
vide assistance to teachers in their assessment of student achievement. It contains
samples (“exemplars™) of student work at each level of achievement.

Ontario school boards were invited by the ministry to participate in the development
of exemplars. Forty-seven district school boards responded to this invitation. Teams of
subject specialists from across the province were involved in developing the assess-
ment materials. They designed the performance tasks and scoring scales (“rubrics”)
based on selected Ontario curriculum expectations, field-tested them in classrooms,
suggested changes, administered the final tasks, marked the student work, and
selected the exemplars used in this document. During each stage of the process, exter-
nal validation teams reviewed the subject material to ensure that it reflected the expec-
tations in the curriculum and that it was accessible to and appropriate for all students.
Ministry staff who had been involved in the development of the curriculum policy
documents also reviewed the tasks, rubrics, and exemplars.

The selection of student samples that appears in this document reflects the professional
judgement of teachers who participated in the project. No students, teachers, or schools
have been identified.

The procedures followed during the development and implementation of this project
will serve as a model for boards, schools, and teachers in designing assessment tasks
within the context of regular classroom work, developing rubrics, assessing the
achievement of their own students, and planning for the improvement of students’
learning.
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The samples in this document will provide parents® with examples of student work to
help them monitor their children’s progress. They also provide a basis for communica-
tion with teachers.

Use of the exemplar materials will be supported initially through provincial in-service
training. A variety of additional opportunities (e.g., discipline- or subject-specific
workshops and summer institutes) will be available to secondary school teachers to
support the use of the exemplars.

Purpose of This Document
This document was developed to:

— show the characteristics of student work at each of the four levels of achievement
for Grade 9;

— promote greater consistency in the assessment of student work across the province;

— provide an approach to improving student learning by demonstrating the use of
clear criteria applied to student work in response to clearly defined assessment tasks;

— show the connections between what students are expected to learn (the curriculum
expectations) and how their work can be assessed using the levels of achievement
described in the curriculum policy document for the subject.

Teachers, parents, and students should examine the student samples in this document
and consider them along with the information in the Teacher’s Notes and Comments/

Next Steps sections. They are encouraged to examine the samples in order to develop

an understanding of the characteristics of work at each level of achievement in Grade

9 and the ways in which the levels of achievement reflect a progression in the quality

of knowledge and skills demonstrated by the student.

The samples in this document represent examples of student achievement obtained
using only one method of assessment, called performance assessment. Teachers will
also make use of a variety of other assessment methods and strategies in evaluating
student achievement in a course over a term or school year.

Features of This Document
This document contains the following:

— adescription of each performance task, as well as the curriculum expectations
related to the task

— the task-specific assessment chart, or rubric
— two samples of student work for each of the four levels of achievement

— Teacher’s Notes, which provide some details on the level of achievement for each
sample

— Comments/Next Steps, which offer suggestions for improving achievement
— the Teacher Package that was used by teachers in administering the task

It should be noted that each sample for a specific level of achievement represents the
characteristics of work at that level of achievement.

1. In this document, parent(s) refers to parent(s) and guardian(s).

The Ontario Curriculum - Exemplars, Grade 9: Science



The Tasks

The performance tasks for science were based directly on curriculum expectations
selected from the Grade 9 courses in the policy document for science. The tasks
encompassed the four categories of knowledge and skills in science (i.e., Knowledge/
Understanding, Inquiry, Communication, and Making Connections), requiring stu-
dents to integrate their knowledge and skills in meaningful learning experiences. The
tasks gave students an opportunity to demonstrate not only how well they had learned
to use the required knowledge and skills in one context, but how well they could use
their knowledge and skills in another context.

Teachers were required to explain the scoring criteria and descriptions of the levels of
achievement (i.e., the information in the task rubrics) to the students before they
began the assignment (for the rubrics, see pages 14 and 56).

The Rubrics

In this document, the term rubric refers to a scoring scale that consists of a set of
achievement criteria and descriptions of the levels of achievement for a particular
task. The scale is used to assess students’ work; this assessment is intended to help
students improve their performance level. The rubric identifies key criteria by which
students’ work is to be assessed, and it provides descriptions that indicate the degree
to which the key criteria have been met. The teacher uses the descriptions of the dif-
ferent levels of achievement given in the rubric to assess student achievement on a
particular task.

The rubric for a specific performance task is intended to provide teachers and stu-
dents with an overview of the expected final product with regard to the knowledge
and skills being assessed as a whole.

The achievement chart in the curriculum policy document for science provides a stan-
dard province-wide tool for teachers to use in assessing and evaluating their students’
achievement over a period of time. While the chart is broad in scope and general in
nature, it provides a reference point for all assessment practice and a framework
within which to assess and evaluate student achievement. The descriptions associated
with each level of achievement serve as a guide for gathering and tracking assessment
information, enabling teachers to make consistent judgements about the quality of
student work while providing clear and specific feedback to students and parents.

For the purposes of the exemplar project, a single rubric was developed for a perfor-
mance task in each course. This task-specific rubric was developed in relation to the
achievement chart in the curriculum policy document.

The differences between the achievement chart and the task-specific rubric may be
summarized as follows:

— The achievement chart contains broad descriptions of achievement. Teachers use it
to assess student achievement over time, making a summative evaluation that is
based on the total body of evidence gathered through using a variety of assessment
methods and strategies.

Introduction 5
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— The rubric contains criteria and descriptions of achievement that relate to a specific
task. The rubric uses some terms that are similar to those in the achievement chart
but focuses on aspects of the specific task. Teachers use the rubric to assess student
achievement on a single task.

The rubric contains the following components:

— an identification (by number) of the expectations on which student achievement in
the task was assessed

— the four categories of knowledge and skills
— the relevant criteria for evaluating performance of the task

— descriptions of student performance at the four levels of achievement (level 3 on
the achievement chart is considered to be the provincial standard)

As stated earlier, the focus of performance assessment using a rubric is to improve stu-
dents’ learning. In order to improve their work, students need to be provided with
useful feedback. Students find that feedback on the strengths of their achievement and
on areas in need of improvement is more helpful when the specific category of knowl-
edge or skills is identified and specific suggestions are provided than when they
receive only an overall mark or general comments. Student achievement should be
considered in relation to the criteria for assessment stated in the rubric for each cate-
gory, and feedback should be provided for each category. Through the use of a rubric,
students’ strengths and weaknesses are identified and this information can then be
used as a basis for planning the next steps for learning. In this document, the Teacher’s
Notes section indicates the reasons for assessing a student’s performance at a specific
level of achievement, and the Comments/Next Steps section indicates suggestions for
improvement.

In the exemplar project, a single rubric encompassing the four categories of knowl-
edge and skills was used to provide an effective means of assessing the particular level
of student performance in the performance task, to allow for consistent scoring of stu-
dent performance, and to provide information to students on how to improve their
work. However, in the classroom, teachers may find it helpful to make use of addi-
tional rubrics if they need to assess student achievement on a specific task in greater
detail for one or more of the four categories. For example, it may be desirable in eval-
uating an oral report to use one rubric for the content (Knowledge/Understanding),
one for the research (Inquiry), one for the writing of the report and the delivery of the
oral presentation (Communication), and one for relating aspects of science to specific
issues (Making Connections).

The rubrics for the tasks in the exemplar project are similar to the scales used by the
Education Quality and Accountability Office (EQAOQ) for the Grade 3, Grade 6, and
Grade 9 provincial assessments in that both the rubrics and the EQAO scales are based
on the Ontario curriculum expectations and the achievement charts. The rubrics differ
from the EQAO scales in that they were developed to be used only in the context of
classroom instruction to assess achievement in a particular assignment in a course.

The Ontario Curriculum - Exemplars, Grade 9: Science



Although rubrics were used effectively in this exemplar project to assess responses
related to the performance tasks, they are only one way of assessing student achieve-
ment. Other means of assessing achievement include observational checklists, tests,
marking schemes, or portfolios. Teachers may make use of rubrics to assess students’
achievement on, for example, essays, reports, exhibitions, debates, conferences, inter-
views, oral presentations, recitals, two- and three-dimensional representations, jour-
nals or logs, and research projects.

Development of the Tasks

The performance tasks for the exemplar project were developed by teams of subject
specialists in the following way:

— The teams selected a cluster of curriculum expectations that focused on the knowl-
edge and skills in the course that are considered to be of central importance in the
subject. Teams were encouraged to select a manageable number of expectations to
enable teachers to focus their feedback to students. The particular selection of
expectations ensured that all students in the course would have the opportunity to
demonstrate their knowledge and skills in each category of the achievement chart
in the curriculum policy document for the subject. Different tasks were developed
for the academic courses and applied courses.

— For each course, the teams drafted two tasks that would encompass all of the
selected expectations and that could be used to assess the work of all students in
the course. (Only one of these tasks would eventually be used for the final adminis-
tration of the task.)

— The teams established clear, appropriate, and concrete criteria for assessment, and
wrote the descriptions for each level of achievement in the task-specific rubric,
using the achievement chart for the subject as a guide.

— The teams prepared detailed instructions for both teachers and students participat-
ing in the assessment project.

— The two tasks were field-tested in classrooms across the province — one in the fall of
1999, the other in the winter of 2000 — by teachers who had volunteered to partici-
pate in the field test. Student work was scored by teams of teachers of the subject.
In addition, classroom teachers, students, and board contacts provided feedback on
the task itself and on the instructions that accompanied the task. Suggestions for
improvement were taken into consideration in the revision of the tasks, and the
feedback helped to determine which of the two tasks would actually be used for the
final administration of the tasks in May 2000.

In developing the tasks, the teams ensured that the resources needed for completing
the task — that is, all worksheets and support materials — were provided. It was also
suggested that students could consult the teacher-librarian at the school about addi-
tional print and electronic materials.

Prior to both the field tests and the final administration of the tasks, a team of valida-
tors — including research specialists, gender and equity specialists, and subject experts
— reviewed the instructions in the teacher and student packages, making further sug-
gestions for improvement.

Introduction 7
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Assessment and Selection of the Samples

After the final administration of the tasks, student work was scored by trained board
personnel. The student samples were then forwarded to the ministry, where a team of
teachers from across the province, who had been trained by the ministry to assess
achievement on the tasks, scored and selected the student samples that would serve as
the exemplars for each level of achievement.

The rubrics were the primary tool used to evaluate student work at both the district
school board level and the provincial level. The samples that appear in this document
were selected in the following way:

At the district school board level, after some training was provided, teachers of the
subject evaluated and discussed the student work until they were able to reach a
consensus regarding the level to be assigned for achievement in each category. This
evaluation was done to ensure that the student work being selected clearly illus-
trated that level of performance.

Student work was then sorted into two groups: (1) work that demonstrated the
same level of achievement in all four categories; and (2) work that demonstrated
achievement at more than one level over the four categories.

All the samples were submitted to a provincial selection team of teachers, who re-
scored and validated the samples of work that demonstrated the same level of
achievement in all four categories, and chose, through consensus, two samples that
best represented the characteristics of work at that level.

The following points should be noted:

Two samples of student work are included for each of the four achievement levels
in each subject for which there is written work. The use of two samples is intended
to show that the characteristics of an achievement level can be exemplified in dif-
ferent ways.

Although the samples of student work in this document were selected to show a
level of achievement that was largely consistent in the four categories of Knowledge/
Understanding, Inquiry, Communication, and Making Connections, teachers using
rubrics to assess student work will notice that students’ achievement frequently
varies across the categories (e.g., a student may be achieving at level 3 in Knowledge/
Understanding but at level 4 in Communication).

Although the student samples show responses to most questions, students achiev-
ing at level 1 and level 2 will often omit answers or will provide incomplete
responses or incomplete demonstrations.

Students’ effort was not evaluated. Effort is evaluated separately by teachers as part
of the “learning skills” component of the Provincial Report Card.

This document does not include any student samples that were assessed using the
rubrics and judged to be below level 1. (Work judged to be below level 1 is work
on which a student achieves a mark of less than 50%. A student whose overall
achievement at the end of a course is below 50% will not obtain a credit for the
course.) Teachers are expected to work with students whose achievement is below
level 1, as well as with their parents, to help the students improve their
performance.

The Ontario Curriculum - Exemplars, Grade 9: Science



Use of the Student Samples
Teachers and Administrators

The samples of student work included in this document will help teachers and admin-
istrators by:

providing student samples and criteria for assessment that will enable them to help
students improve their achievement;

providing a basis for conversations among teachers, parents, and students about the
criteria used for assessment and evaluation of student achievement;

facilitating communication with parents regarding the curriculum expectations and
levels of achievement for each subject or course;

promoting fair and consistent assessment within subjects and courses.

Teachers may choose to:

use the teaching/learning activities outlined in the performance tasks;

use the performance tasks and rubrics in this document in designing comparable
performance tasks;

use the samples of student work at each level as reference points when assessing
student work;

use the rubrics to clarify what is expected of the students and to discuss the criteria
and standards for high-quality performance;

review the samples of work with students and discuss how the performances reflect
the levels of achievement;

adapt the language of the rubrics to make it more “student friendly”;
develop other assessment rubrics with colleagues and students;

help students describe their own strengths and weaknesses and plan their next
steps for learning;

share student work with colleagues for consensus marking;

partner with other schools to design tasks and rubrics, and to select samples for
other performance tasks and other subject areas.

Administrators may choose to:

encourage and facilitate teacher collaboration regarding standards and assessment;

provide training to ensure that teachers understand the role of the exemplars in
assessment, evaluation, and reporting;

establish an external reference point for schools in planning student programs and
for school improvement;

facilitate sessions for parents and school councils using this document as a basis for
discussion of curriculum expectations, levels of achievement, and standards;

participate in future exemplar projects within their district school boards or with
the Ministry of Education.

Introduction 9
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Parents

The performance tasks in this document exemplify a range of meaningful and relevant
learning activities related to the curriculum expectations for Grade 9 science courses.
In addition, this document invites the involvement and support of parents as they
work with their children to improve their achievement. Parents may use the samples
of student work and the rubrics as:

— resources to help them understand the levels of achievement;
— models to help monitor their children’s progress from level to level;
— a basis for communication with teachers about their children’s achievement;

— asource of information to help their children monitor achievement and improve
their performance;

— models to illustrate the application of the levels of achievement.

Students

Students are asked to participate in performance assessments in all curriculum areas.
When students are given clear expectations for learning, clear criteria for assessment,
and immediate and helpful feedback, their performance improves. Students’ perfor-
mance improves as they are encouraged to take responsibility for their own achieve-
ment and to reflect on their own progress and “next steps”.

It is anticipated that the contents of this document will help students in the following

ways:

— Students will be introduced to a model of one type of task that will be used to
assess their learning, and will discover how rubrics can be used to improve their
product or performance on an assessment task.

— The performance tasks and the exemplars will help clarify the curriculum expecta-
tions for learning.

— The rubrics and the information given in the Teacher’s Notes section will help clar-
ify the assessment criteria.

— The information given under Comments/Next Steps will support the improvement
of achievement by focusing attention on two or three suggestions for improvement.

— With an increased awareness of the performance tasks and rubrics, students will be
more likely to communicate effectively about their achievement with their teachers
and parents, and to ask relevant questions about their own progress.

— Students can use the criteria and the range of student samples to help them see the
differences in the levels of achievement. By analysing and discussing these differ-
ences, students will gain an understanding of ways in which they can assess their
own responses and performances in related assignments and identify the qualities
needed to improve their achievement.

The Ontario Curriculum - Exemplars, Grade 9: Science
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A Check on the Density of Maple Syrup

The Task Students will:

Students were given a standard solution and three solutions of 1. solve density problems — given any two of mass, volume, and
unknown density. Their assignment was to: density, determine the third — using the formula

- determine if the unknown solutions had a density greater density = -85 and appropriate Sl units;

than, equal to, or less than the standard solution;
2. demonstrate the skills required to plan and conduct an inquiry

into the properties of elements and compounds, using instru-
ments, tools, and apparatus safely, accurately, and effectively;

« determine which one of the unknown solutions had the same
density as the standard solution;

e determine numerically the density of the unknown solution

that had the same density as the standard solution; 3. gather and record qualitative and quantitative data using an

appropriate format, and analyse the data to explain how the

= explain clearly, using appropriate language for an audience of evidence gathered supports or refutes an initial hypothesis;

younger students, (a) how they used the equipment to deter-
mine the actual density of one of the unknown sample solu-
tions, and (b) what skills are required to perform the work of
a quality control technician and why that job is important.

4. communicate scientific ideas, procedures, results, and con-
clusions using appropriate Sl units, language, and formats,
and evaluate the processes used in planning, problem solv-

ing, decision making, and completing the task;
Students recorded the results of their investigations in a student

5. investigate potential careers associated with an understand-
booklet.

ing of the physical and chemical properties of elements and
compounds.

Expectations

This task gave students the opportunity to demonstrate achieve-

ment of the following selected expectations from the strand
Chemistry: Atoms and Elements.



Prior Knowledge and Skills

To complete this task, students were expected to have some
knowledge or skills relating to the following:

= the concepts of density and of variables
« collecting, recording, and interpreting data

= distinguishing between qualitative and quantitative
measurements

e measuring with a balance and a graduated cylinder, transfer-
ring liquids with an eyedropper, and recognizing the degree of
accuracy possible in reading scales and meniscuses

« applying the mathematical formula D = M and using it to
calculate density v

For information on the process used to prepare students for the task
and on the materials and equipment required, see the Student Task
Description on page 16 and the Teacher Package reproduced on
pages 49-51.

13 Science, Academic
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Task Rubric - A Check on the Density of Maple Syrup

Expectations*

Criteria

Knowledge/Understanding

The student:

Level 1

Level 2

Level 3

Level 4

- demonstrates an under-
standing of the concept of
density

- applies formula (D= 1T)
to determine density
competently

demonstrates a limited
understanding of the con-
cept of density

applies formula with
limited competence

demonstrates some
understanding of the con-
cept of density

applies formula with
some competence

demonstrates a consider-
able understanding of the
concept of density

applies formula with con-
siderable competence

demonstrates a thorough
understanding of the con-
cept of density

applies formula with a
high degree of competence

Inquiry

2,3,4

The student:

- interprets data on density/
ranking/layering
accurately

- uses technical skills and

procedures accurately to
determine density

- draws a conclusion that is
supported by the data

interprets data with lim-
ited accuracy

uses skills and procedures
with limited accuracy

draws a conclusion sup-
ported in a limited way by
the data

interprets data with some
accuracy

uses skills and procedures
with some accuracy

draws a conclusion sup-
ported to some degree by
the data

interprets data with con-
siderable accuracy

uses skills and procedures
with considerable
accuracy

draws a conclusion sup-
ported to a considerable
degree by the data

interprets data with a high
degree of accuracy

uses skills and procedures
with a high degree of
accuracy

draws a conclusion sup-
ported to a high degree by
the data

Communication

3,4

The student:

- communicates observa-
tions and information
clearly

- displays data in complete,
well-organized charts

- uses scientific terms and
Sl units/styles appropri-
ately and accurately

communicates observa-
tions and information with
limited clarity

makes incomplete charts
that show limited
organization

uses scientific terms and
Sl units with limited
appropriateness and
accuracy

communicates observa-
tions and information with
moderate clarity

makes partially complete,
partially organized charts

uses scientific terms and
Sl units with some appro-
priateness and accuracy

communicates observa-
tions and information with
considerable clarity

makes mostly complete,
mostly organized charts

uses scientific terms and
Sl units with considerable
appropriateness and
accuracy

communicates observa-
tions and information with
a high degree of clarity

makes very complete, very
well organized charts

uses scientific terms and
Sl units with a high degree
of appropriateness and
accuracy



Expectations* Criteria (AT Level 2

Communication (cont.)
The student:

Level 3

Level 4

- communicates for differ- - communicates with a lim- - communicates with some
ent audiences and ited sense of audience and sense of audience and
purposes purpose purpose

- communicates with a con-

siderable sense of audi-
ence and purpose

- communicates with a
strong sense of audience
and purpose

Making Connections
The student:

2,5 - analyses production - provides a limited analysis - provides some analysis of
requirements of requirements requirements
- shows awareness of the - shows limited awareness - shows some awareness of
skills required for the of the skills required the skills required

occupation of quality
control technician

- provides an adequate
analysis of requirements

- shows considerable
awareness of the skills
required

- provides a thorough analy-
sis of requirements

- shows a high degree of
awareness of the skills
required

* The expectations that correspond to the numbers given in this chart are listed on page 12.

Note: A student whose overall achievement at the end of a course is below level 1 (that is, below 50%) will not obtain a credit for the course.

15 Science, Academic
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Student Task Description

A Check on the Density of Maple Syrup

You have studied the concept of density and have
had practice in using the apparatus and procedures
necessary to determine the density of a liquid.

This task will give you the opportunity to conduct a
qualitative investigation and then to confirm your
findings by taking measurements in a quantitative
investigation.

Maple syrup is prepared by evaporating most of
the water from sap collected from maple trees.
Government regulations require that the minimum
density of a product must be 1.1 g/mL, indicating a
specific sugar concentration, in order to be
labelled as “Genuine Maple Syrup”.

Quality control technicians at Confederation
Maple Syrup Co. do qualitative checks each hour
on the syrup being produced. They test to see if
the density meets the minimum government regu-
lations. They have a standard solution of the mini-
mum density that is coloured “yellow” with food
colouring.

A. Hourly Qualitative Check

Samples from different evaporators in the fac-
tory are given identifying colours. Today, samples
of unknown density from three different evapora-
tors have just arrived. The samples are coloured
to identify their source. These samples are
coloured “red”, “blue”, and “green”. You, as a tech-
nician, are going to do a simple qualitative test to
see if the unknowns have a density greater than,
equal to, or less than the standard solution.

B. Daily Quantitative Check

Each day the technicians also do a quantitative
check on the company product. You will also be
doing this test.

C. Tours

Several times a month, school groups tour the
Confederation Maple Syrup Co. Since density is a
topic in Grade 5 science, these classes often stop
at the quality control labs. You will be asked to
make a presentation to them (see question 8).



A Check on the Density of Maple Syrup Level 1, Sample 1

0

Confederation Maple Syrup Company
Quality Control Report

A, Hourly Qualitative Check of Samples

1. What are the technicians trying to find out with their test?
Thre v  oirg P o ©ing pel [FE WY 18 Ao
e

cariie LTI o At
t T

2. (a) What observation, from the layered solutions, would indicate that one of
the solutions is denser than the other?

T, [=[av" Clocer Yo Y, boatrea 3 oo el gnpe

(b) Explain

tnoet  denpe i e  Fovrtrar B tia

g
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3.

3

4,

(a) Prepare a data table in which you can recerd your qualitative data for each
test that you do. Include a column in which you indicate your conclusion on
the test (e.q. "Therefare, Red is more dense than Green, R>G). Enter all of
your data in your table,

S bl vance '|
blue | re
i g

red 0
V? [

(b) State what you found out.

X feuad sod Dhat oloe oued See\loy heie £
Yra . Soung dealthsy ooch  red  ognd orean
alsy have  Yoe vro. Yelbow gad lpiat
] Ve fung e Slun el a d  cpesin

(a) Rank the densities of the three "unknown" sample solutions
Flue g o5k dense

= <FEJL SE ™ e
Hhon Free -
(b) Which "unknawn" solution has the same density as the yellow “standard”

solution? -
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C)

5. Why would "Confederation” want their product to have a minimum density of 1.1
g/mL, BUT no higher or lower than this value?

_Pecouse 3F Y v dence  or  Cres cheate

Lhaun Ly s Ams e e eol e pig
Setnpl Su Lo Compouny  baizbit- cod oct
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&

B. Daily Quantitative Tests Qtnsi*y = TaSS 2 uglame
6. (a) Use the equipment necessary to find the density of the “unknown"
solution that has the same density as the yellow "standard" solution. Prepare

a chart in the space below and enter your quantitative measurements in it.

Cengifr =

’ B.ur_ L“I..u-sm*— Q-I'fgg
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6. (b) Use the data from 6(a) fo calculate the density of the solution, showing

all werk,
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v
ve oy, _ .
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7. (a) Did the results from the layering activity in 4 (a) and 4(b) match your
calculated results? ﬁ’u&
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Daily Tours

8. (a) A tour of Grade 5 students from an elementary school has just arrived at
your laboratory, Explain, in language they can understand, how you used the
equipment in 6(a) to determine the actual density of one of the unknown

sample solutions.
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8. (b) Explain to the students what skills are necessary for a quality control
technician AND why your job is important to the company.
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Teacher’s Notes
Knowledge/Understanding

- The student demonstrates a somewhat limited understanding of the con-
cept of density (e.g., in question 2a, states “The one closer to the bottom is
more dense”, but in question 2b, fails to explain the concept).

The student applies the density formula with some competence (e.g.,
includes the formula and substitutes correctly, but omits density units).

Inquiry

The student has interpreted the data based on his or her observations,
although the observations contain some inaccuracies.

The student uses technical skills and procedures with limited accuracy (e.g.,
in question 6a, makes a major error in measuring the cylinder’s mass - the
mass of 6.72 g is much too low).

The student draws conclusions with limited support (e.g., in question 7a,
does not support or justify the conclusions; does not identify or comment
on the fact that the calculated densities are far below the expected value of
1.1 ¢/mlL).

Gommunication

The student communicates observations and information with limited clarity
(e.g., in question 3a, the table of observations is confusing; the conclusion in
question 4a that blue is most dense is contradicted by the density calcula-
tion of .01 ¢/mL for blue in question 6b).

The student uses scientific terminology with limited appropriateness and
accuracy, and omits the Sl unit for density in question 6b.

The student communicates with a limited sense of audience (e.g., in ques-
tion 8a, the description of the process is much too vague for Grade 5 stu-
dents to understand).
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Making Connections

- The student shows limited understanding of the skills required for the occu-
pation of a quality control technician (e.g., in question 8b, does not identify
or explain the importance of specific skills; misses the connection between
skills for this particular task and the general skills of a quality control tech-
nician — “we make sure the syrup is the right density”).

Comments/Next Steps

- The student should work on recording observations in a well-organized
format.

- The student needs to practise technical skills of measuring.

- The student should work on developing scientific terminology to communi-
cate more effectively and with more clarity.

- The student should consider that unreasonable results are a clue to major
source(s) of error.




A Check on the Density of Maple Syrup Level 1, Sample 2

0 (B

A.  Hourly Qualitative Test

1. One of the coloured solutions has the same density as the yellow "standard” A
solution.
Confederation Maple Syrup Company
Procedure A Quality Control Report

2. Add 25 drops of solution #1 to one of the thin test tubes. Without shaking
the test tube, carefully allow one drop at a time of solution #2 to run down

the inside of the test tube until it hits the surface of solution #1. Make A. Hourly Qualitative Check of Samples
sure that you wait ten seconds between each drop, Observe carefully as the
added drops interact with solutien #1. You will have to odd at least five 1. What are the technicians trying to find out with their test?
drops of solution #2 to see the result. —_ . : .
3. Prepare a chart in the Quality Control Report (Question 3(a)) to record the \ LOLALT i ao
results when each pair of liquids is mixed. ths standasd ( (.jrr_ff.m.t )
4. Repeat the steps until you have tested and recorded all Solutions
possible combinations of the four solutions. To observe all :,_', ::"
possibilities, make certain that you test each pair of W3 Green
solutions in two ways: put 25 drops of solution #1 in the Standard Yellow 2. (a) What abservation, from the layered solutions, would indicate that one of
test tube, then add five drops of solution #2; put 25 drops the solutions is denser than the other?

of solution #2 in a second test tube, then add five drops of solution #2, etc.

5. Record your data in Question 3(a) of the Quality Control Report,
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o

3. (a)Prepare a data table in which you can record your qualitative data for each
test that you do. Include a column in which you indicate your conclusion on
the test (e.g. "Therefore, Red is more dense than Green, R>G). Enter all of
your data in your table. .

Mo #L| Max#z | Obasrradewo
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Blue green Bue 7 green
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3. (b) Stete what you found out.
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5. Why would “Confederation” want their product to have a minimum density of 1.1
g/mL, BUT no higher or lawer than this value?
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B. Daily Quantitative Tests

6. (a) Use the equipment necessary to find the density of the "unknown”
solution that has the same density as the yellow "standard” solution. Prepare
a chart in the space below and enter your quantitative measurements in it.
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Vas =
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&. (b) Use the data from 6(a) to caleulate the density of the selution, showing
all work.
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7 (a) Did the results from the layering activity in 4 (a) and 4(b) match your
caleulated results?
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7. (b) Account for any errors that could have occurred.
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Daily Tours

8. (a) A tour of Grade b students from an elementary school has just arrived at

your laboratery. Explain, in language they can understand, how you used the
equipment in 6(c) to determine the actual density of one of the unknown
sample solutions,
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8. (b) Explain to the students what skills are necessary for a quality control
technician AND why your job is important to the company.
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Te
Kn

acher’s Notes

owledge/Understanding

The student demonstrates limited understanding of the concept of density
(e.g., explanations are limited to simple observations that do not give evi-
dence of conceptual understanding).

The student applies the density formula with limited competence (e.g., per-
forms most calculations correctly, but does not state the formula or show
the major steps in the calculations).

Inquiry

Co

The student interprets the data with limited accuracy (e.g., does not cor-
rectly identify the relative densities of the solutions in some of the sample
mixtures).

The student uses technical skills and procedures with limited accuracy (e.g.,
in question 8a, does not provide details of the procedures followed in the
experiment).

The student draws conclusions that are supported by the data in a limited
way (e.g., data tables are only partially complete).

mmunication

The student communicates observations and information with limited clarity
(e.g., “l found that the first mixture in each experiment seemed to be more
dense, except green was less dense than yellow and the red and yellow
mixed”).

The student displays some data with limited organization (e.g., in question
4a, does not display ranking clearly).

The student uses Sl units with limited appropriateness (e.g., uses correct
units for observations of mass, but omits volume and density units).

Making Connections

The student provides a limited analysis of production requirements (e.g., in
question 5, suggests only that the company would want the syrup to be
natural).

The student demonstrates limited awareness of the skills required for the
occupation (e.g., in question 8b, mentions only “math” and “language” as
required skills).

Comments/Next Steps

- The student needs to recognize the importance of recording observations
when conducting experiments.

- The student should focus on the consistent and appropriate use of units,
and ensure that data charts incorporate all the information required.

- The student should concentrate on answering questions with greater clar-
ity, and on attention to detail



A Check on the Density of Maple Syrup Level 2, Sample 1

0

%
dﬁ
Confederation Maple Syrup Company &
Quality Control Report
A. Hourly Qualitative Check of Samples

1. What are the techniciang trying to find out with their test?
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2. (o) What observation, from the layered solutions, would indicate that one of
the solutions is denser than the other?
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3. (a)Prepare a data table in which you can record your qualitative data for each
test that you do. Include a column in which you indicate your conclusion on
the test (e.g. "Therefore, Red is more dense than Green, R»5). Enter all of
your data in your table.

[COL O ST AL E BLD G Egm ey caws i
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4, (a) Rank the densities of the three "unknown" sample solutions
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(b) Which "unknown” solution has the same density as the yellow “standard”
solution?
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5. Why would "Confederation” want their product to have a minimum density of 1.1
g/ml, BUT no higher or lower than this value?
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B. Daily Quantitative Tests

6. (a) Use the equipment necessary to find the density of the "unknown®
solution that has the same density as the yellow “standard” solution. Prepare
a chart in the space below and enter your quantitative measurements in it.
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6. (b) Use the data from é{a) to calculate the density of the solution, showing
all work. . o)
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7. (a) Did the results from the layering activity in 4 (a) and 4(b) match your

caleulated results?
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7. (b) Account for any errors that could have occurred.
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Daily Tours

8. (a) A tour of Grade 5 students from an elementary school has just arrived at
your laboratary. Explain, in longuage they can understand, how you used the
equipment in 6(a) to determine the actual density of one of the unknown
sample solutions.
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8. (b) Explain to the students what skills are necessary for a quality control
technician AND why your job is important to the company.
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Teacher’s Notes
Knowledge/Understanding
- The student demonstrates some understanding of the concept of density

(e.g., shows understanding that the “denser solution is at the bottom”), but
does not explain his or her answers fully.

- The student applies the density formula with some competence (e.g., substi-

tutes and calculates correct values, but does not include the formula or use
correct units in density calculations).

Inquiry
- The student interprets the data with some accuracy.
- The student uses technical skills and procedures with some accuracy (e.g.,

in question 8a, omits major steps in the procedure for determining density
quantitatively, but addresses some sources of error in question 8b).

- The student enters conclusions in the qualitative chart, but does not include

the observations on which they are based.

Gommunication
- The student displays data in charts that are only partially complete and par-

tially organized (e.g., fails to include complete set of observations in qualita-
tive chart).

The student uses scientific terms and Sl units with some appropriateness
(e.g., understands that volume is measured in millilitres and mass in grams,
but uses incorrect Sl units).

The student demonstrates some sense of audience and purpose (e.g., by try-
ing to use simple language), but does not include sufficient detail to make
the explanation clear to Grade 5 students.

Making Connections
- The student shows some awareness of the skills required for the occupa-

tion (e.g., refers to generalized skills and comments on the importance of
ensuring consistency in the product).
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Comments/Next Steps

- The student should include all observations on which conclusions are
based, and should provide more details to justify explanations.

- The student should work on identifying and using correct Sl units.

- The student should work on skills for communicating to a particular audi-
ence and for a particular purpose.




A Check on the Density of Maple Syrup

Level 2, Sample 2

Confederation Maple Syrup Company
Quality Control Report

A. Hourly Qualitative Check of Samples

1. What are the technicians trying to find out with their test?
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2. (a) What observation, from the layerad solutions, would indicaie thai one of
the solutions is denser than the other?
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3. ({a) Prepare a data table in which you can record your qualitative data for each
test that yeu do. Include a column in which you indicate your conclusion on
the test (eg. “Therefore, Red is more dense than Green, R:G). Enter all of
your data in your table.
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[see following page]

3. (b) State what you found out.
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4. (a) Rank the densities of the three "unknown” sample solutions [ dens=<t  *=
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{b) Which "unknown" solution has the same density as the yellow "standard”
solution?
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5. Why would "Confederation” want their product to have a minimum density of 1.1
g/mL, BUT no higher ¢r lower than this value?
4;\'\-& " fanfedecaion” Y |
e ot LU DOy 0 L Annsl’t-\j af
VA r:]l'm". . Decoussp \—\-\ud vz erl sadon 4
e e v&nnnir\j AU N RT A "
=i o
=0 Pye i ey Laena g caed OO b
B [}
;I'ruoi-)\{ de bU\JJ ‘H’\ﬂ_-.é e ernsrerf?.

e V&

P Ql_d

B. Daily Quantitative Tests

6. (a) Use the equipment necessary to find the density of the “unknown”
solution that has the same density as the yellow "standard” solution. Prepare
a chart in the space below and enter your quantitative measurements in it.
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6. (b) Use the data from 6(a) to calculate the density of the solution, showing

all work.
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7. (a) Did the results from the layering activity in 4 (a) and 4(b) match your
calculated results?
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7. (b) Account for any errors that could have occurred.
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Daily Tours

8. (a) A tour of Grade 5 students from an elementary school has just arrived at
your laboratory, Explain, in language they can understand, how you used the
equipment in 6(a) to determine the actual density of one of the unknown

le solutions,
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8. (b) Explain to the students what skills are necessary for a quality control
technician AND why your job is important to the company.
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Teacher’s Notes

Knowledge/Understanding

- The student demonstrates some understanding of the concept of density
(e.g., states that “blue would be denser than green”), but does not express
density as mass per unit volume.

- The student applies the density formula with some competence (e.g., dis-
plays the formula and substitutes correctly, but omits units for density).

Inquiry

- The student interprets data on density and ranks unknown densities
accurately.

- The student uses technical skills and procedures with some accuracy (e.g.,
displays all possible combinations of solutions in the observation chart, but
fails to show the masses that gave 64.6 g, and performs only one trial).

- The student draws conclusions supported by the data and identifies some
potential sources of experimental error.

Communication

- The student creates charts that display partial organization (e.g., organizes
the first chart in a somewhat logical sequence).

- The student uses scientific terms with some accuracy (e.g., uses appropri-
ate language for density comparisons, with the exception of the term “light-
est” in conjunction with density ranking), and uses Sl units and styles with
some appropriateness (e.g., generally uses appropriate units, but makes
some errors in notation).

Making Connections

- The student demonstrates some awareness of the skills required for the
occupation (e.g., addresses several skills but does not connect them to the
importance of the job).

Comments/Next Steps

- The student should make sure to include all steps in a procedure.

- The student should try to communicate with greater clarity and should work
on skills for communicating appropriately to a particular audience.



A Check on the Density of Maple Syrup

0

Level 3, Sample 1

Confederation Maple Syrup Company
Quality Control Report

A, Hourly Qualitative Check of Samples

1. What are the technicians trying to find out with their test?
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2. (a) What observation, from the layered solutions, would indicate that one of
the solutions is denser than the other?

T g "L'..'-{_.I'_”\J R =T TP T S

o

AT OTE

s 1..: LaHRa Ly +h,
xw’r teh, One ks On :/tn_.r uL‘:ﬁ? ol al’
‘-.Xfl_.-ﬁJ«'LA—'\_.J'\-_A' wSIaS WA ’

W "LJ:.L.L‘JL;,_; JJ.,mx-J _A_:L e

33

Science, Academic
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3.

3.

4.

(a) Prepare a data table in which you can record your qualitative data for each
test that you do. Include a column in which you indicate your conclusion on
the test (e.g. “Therefore, Red is more dense than Green, R>5). Enter all of
your data in your table,

E),L_L,O_,E_Lkmiimo_; Dates Chank ore Loeke

A

[see following page]

(b) State what you found out.

'Ulfmu MWLMJ%Q!: m,;}:fu“. A410 1 gy

- h

jJt i ool J:Ora,p;fhm .

L s MO

{a) Rank the densities of the three "unknown” sample solutions
Ao A muoek vdea,
Green, Ped /\J}Jtl low, Blue,

S0me. .
(b) Which “unknown” solution has the same density as the yellow "standard"
solution?

Fhe "umdrgusnseolution, Fhat ros S
m‘i’ vd—mwb?j #ntdluaﬂw ohorushand”
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Qualitative Dala For Sack
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[back of page 6]
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5. Why would "Confederation” want their product to have a minimum density of 1.1
g.r‘mL BUT no higher or Iawer‘ 1hnn this vulut.?
e

.f)u.i.:ri—

B. Daily Quantitative Tests

6. (a) Use the equipment necessary to find

Coludion Nurnker] Mass

the density of the "unknown"

solution that has the same density as the yellow "standard” solution. Prepare
a chart in the space below and enter your. quantitative measurements in it

Dencity

(Ve llow)
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50'%1 DI‘)“E‘ C | _
&. (b) Use the data from 6(a) fo calculate the density of The solufion, showing
all work,
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7. (a) Did the results from the layering activity in 4 (a) and 4(b) match your
caleulated results?
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7. (b) Account for any errors that could have occurred.
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Daily Tours

8. (a) A tour of Grade 5 students from an elementary school has just arrived ot
your laboratory. Explain, in language they can understand, how you used the
equipment in 6(a) to determine the actual density of one of the unknown

sample solutions. HJ ok LA Lialy ko et Jomelood ol
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8. (b) Explain to the students what skills are necessary for a quality control
technician AND why your job is important to the company. )
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Teacher’s Notes
Knowledge/Understanding

The student demonstrates considerable understanding of the concept of
density (e.g., explains the concept accurately in question 2b, but uses the
terms “lighter” and “heavier” in the explanation).

The student applies the density formula with considerable competence (e.g.,
applies the formula correctly but makes a simple arithmetic error in calcu-
lating the density of the red solution).

Inquiry

The student interprets the data and uses technical skills with considerable
accuracy.

The student conducts the necessary quantitative measurements, as well as
some that are not required (e.g., compares green and blue to the standard).
The student draws conclusions that are mostly supported by the data

(e.g., rankings are directly related to the observations).

Communication

The student communicates observations and information with considerable
clarity (e.g., communicates observations in qualitative chart very clearly and
precisely; provides diagrams and relevant details to enhance clarity of error
analysis in question 7b) and in a mostly organized way (e.g., makes a
detailed chart with appropriate headings).

The student uses Sl units with considerable appropriateness (e.g., most
quantitative measurements have accompanying units).

The student communicates with a considerable sense of purpose and audi-
ence (e.g., in question 8a, provides a detailed, step-by-step explanation
geared to Grade 5 students).

Making Connections

The student demonstrates considerable awareness of the importance of the
role of a quality control technician (e.g., refers to such factors as efficiency
and the function of reporting back to production).

Comments/Next Steps

The student should review his or her answers to questions 1-4, with a view
to making them more specific and providing more complete explanations.
The student should include units in the headings of all charts.

The student could discuss in more detail the skills required for the occupa-
tion of a quality control technician.

The student should proofread his or her work to correct errors in spelling
and grammar (e.g., uses “their” for “they are”; misspells “meniscus”).



A Check on the Density of Maple Syrup

0

Level 3, Sample 2

Confederation Maple Syrup Company
Quality Control Report
A. Hourly Qualitative Check of Samples

1. What are the technicians trying to find out with their test?
M%&mluqn- afe +rumaio“€“nd ot M fodays
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Adonse, 0= clenseé as, Qr (nole dinse Jhan H
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2, (a) What observation, from the layered solutions, would indicate that one of
the solutions is denser than the other?

Fromye layered soluvions 0 indicaw® hat ol of

Ahy mlm S Gy DE runffr ~Jmﬂ Hu (JWJ it(ine

stadionary SoludioN © Y Cotbin,and Yhot Would Qicuc
-.”-\_-P.. "tl"-\. §m1|d|'\3r‘]' &)l’l}"‘(}[ v aS dﬁllf‘fr\
(b) Explain

o

37

Science, Academic

3. (a) Prepare a data table in which you can record your qualitative data for each
test that you de. Include a column in which yeu indicate your conclusion on
the test (e.g. "Therefore, Red is more dense than Green, R»G), Enter all of
your data in your table,

b4 [see following page]

3. (b) State what you found out.
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4. (g) Rank the densities of the three “unknown" sample solutions
Blue s 4he (Unsest trun red, and i
9["‘5'?1'\'!5 WU LSS Q#Nse,

(b} Which “unknown” solution has the same density as the yellow “standard”
solution?

T red soludion Nos HY Suiy donsity 9% g
Vellow “Standard “soluition
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[back of page 6]
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5. Why would "Confederation” want their product to have a minimum density of 1.1
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B. Daily Quantitative Tests

6. (o) Use the equipment necessary to find the density of the “unknown”
%(’ Orlwas€d solution that has the same density as the yellow “standard* solution. Prepare
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6. (b) Use the data from 6(a) to calculate the density of the solution, showing

all work.
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(a) Did the results from the layering activity in 4 (a) and 4{b) match your
calculated results?
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7. (b) Account for any errors that could have accurred,
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Daily Tours
8. (a) A tour of Grade 5 students from an elementary school has just arrived at

your laboratory, Explain, in language they can understand, how you used the
equipment in 6(a) to determine the actual density of one of the unknown

sample zolutions,
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8, (b) Explain to the students what skills are necessary for a quality control
technician AMD why your job i important to the company,
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Teacher’s Notes
Knowledge/Understanding

The student demonstrates considerable understanding of the concept of
density, as illustrated in his or her answer to question 3, but gives evidence
of some misconceptions (e.g., describes solution as being “more compact”,
but equates “heavier” with “more dense”).

The student applies the density formula with considerable competence
(e.g., almost all the calculations are correct).

Inquiry

The student interprets the data with considerable accuracy.

The student uses technical skills and procedures with considerable accu-
racy (e.g., gives a detailed account of the procedures followed, but uses a
sample of the “unknown” solution that is too small [50 drops] for an accu-
rate measurement of volume, and this in turn leads to an inaccurate density
calculation).

The student draws conclusions that are supported to a considerable degree
by the data.

Communication

The student communicates observations and information with considerable
clarity (e.g., gives many relevant details in response to question 8a, though
the response requires some interpretation).

The student displays data in charts that are mostly complete and well
organized (e.g., most of the relevant information is included in the observa-
tion chart).

The student uses scientific terms with considerable accuracy (but uses the
term “weight” instead of “mass”), and also uses Sl units with considerable
appropriateness (e.g., includes units in most answers).

Making Connections

The student analyses production requirements to a considerable degree,
addressing both higher and lower density values, but describes some fac-
tors vaguely (e.g., “... so they wouldn’t have 1 bottle of liquidy syrup, and
another bottle that was too thick to pour out”).

- The student shows considerable awareness of skills required for the occu-
pation, addressing more than one aspect of the job (e.g., “... you must be
able ... to read measurements accurately and weigh solutions accurately.
You also need math skills ...”).

Comments/Next Steps

- The student must learn to distinguish clearly between mass and density.

- The student displays full solutions when calculating density.

- The student should take care when transcribing results (e.g., “0.9mL/g”).

- The student accounts for several areas that could have led to errors in the
investigation, but should also recognize that the small volume of the liquid
sample used is a potential source of error.

- The student should proofread to catch spelling errors (e.g., misspells
“throw off” and “equation”).



A Check on the Density of Maple Syrup

0

Level 4, Sample 1

Confederation Maple Syrup Company
Quality Control Report

A. Hourly Qualitative Check of Samples

1

2.

What are the technicians trying to find out with their test?
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3

(a) Prepare a data table in which you can recerd your qualitative data for each
test that you do. Include a column in which you indicate your conclusion on
the test (e.q. "Therefore, Red is more dense than Green, R:-G) En‘ler all of

your data in your table.
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(b) State what you found out.
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(@) Rank the densities of the three "unknown” sample solutions

The densest
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{b) Which "unknown" solution has the same density as the yellow "standard”

solution?
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8. Why would “Confederation” want their product to have a minimum density of 1,1
g/ml, BUT na higher or lower than this value?
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* The last two lines show the student’s accurate calculations of the average density of the
three samples for each of the solutions.
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Daily Tours

8. (a) A tour of Grade 5 students from an elementary school has just arrived at
your laboratory. Explain, in language they can understand, how you used the
equipment in &{(a) to determine the actual density of one of the unknown

sample solutions.
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8. (b) Explain to the students what skills are necessary for a quality control

technician AND why your job is important to the company,
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Teacher’s Notes Comments/Next Steps
Knowledge/Understanding - The student was able to use previous knowledge concerning the particle
- The student demonstrates a thorough understanding of the concept of den- theory to explain the layering effect of the solutions.
sity (e.g., provides a detailed, accurate explanation in question 2). - Although the student makes few errors in spelling and grammar, he or she
- The student applies the density formula with a high degree of competence. should proofread for consistency in the use of scientific language.
Inquiry

- The student interprets data with a high degree of accuracy.

- The student uses technical skills with a high degree of accuracy (e.g., uses
three trials to calculate density and takes their average).

- The student draws conclusions supported to a high degree by the data (e.g.,
discusses the similarities between the qualitative and quantitative data and
accounts for any errors).

Communication

- The student communicates observations and information with a high degree
of clarity.

- The student displays data in charts that are very complete and very well
organized, with detailed headings and titles.

- The student uses Sl units with a high degree of appropriateness.

- The student communicates with a strong sense of audience, using phrases
appropriate for Grade 5 students (e.g., “Hello children”; “Next time your par-
ents buy ...”).

Making Connections

- The student shows a high degree of awareness of the skills required for
the occupation, and includes rationales and examples from beyond the
realm of the lab (e.g., “good in mathematics and science ... pay very close
attention ... analyse and interpret”).
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5. Why would "Confederation” want their product to have a minimum density of 1.1

g/mL, BUT no higher or lower than this value?
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B. Daily Quantitative Tests

6. (a) Use the equipment necessary to find the density of the “unknown”
solution that has the same density as the yellow “standard” solution, Prepare

a chart in the space below and enter your quantitative measurements in it.
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Teacher’s Notes

Knowledge/Understanding

- The student demonstrates a thorough understanding of the concept of den-
sity (e.g., provides a clear and accurate explanation in question 2).

- The student applies the density formula with a high degree of competence,
using the “GUESS” method of showing steps.

Inquiry

- The student interprets data with a high degree of accuracy.

- The student is able to draw conclusions supported by the data to a high
degree, and reflects an understanding that errors in data cause inconsis-
tencies (e.g., acknowledges that the quantitative and qualitative data do not
match and suggests reasons for the differences).

Communication

- The student communicates observations and information with a high degree
of clarity and organization.

- The student uses scientific terms with a high degree of accuracy (e.g., uses
“per unit of volume” for density and “heavier” in the proper context in ques-
tion 2b), and uses Sl units and styles with a high degree of appropriateness
(e.g., includes units wherever they are required).

- The student communicates with a strong sense of audience (e.g., includes
safety reminders when explaining how to find density to Grade 5 students,
and puts certain words in parentheses — “mass [like weight]” - to indicate
equivalent Grade 5 language).

Making Gonnections

- The student analyses the requirements of production thoroughly, focusing
on several different factors (e.g., mentions cost as well as quality in ques-
tion 5, when explaining why the density cannot be higher or lower than
1.1 ¢/mlL).
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Comments/Next Steps

- The student should be careful to complete charts fully.

- The student uses comparison to support the Grade 5 students’ understand-
ing of mass (e.g., “like weight”).

- The student could include a more extensive list of the skills required for the
occupation.

- The student should be encouraged to inform the teacher of problems with
equipment (e.g., electronic balance).




Teacher Package

Science Exemplar Task
Grade 9 Science — Academic

Teacher Package

Title: A Check on the Density of Maple Syrup

Time Requirement: 2-3 classroom periods of 60 minutes each

Description of the Task*
The following scenario and instructions are to be provided for students.

A Check on the Density of Maple Syrup

Maple syrup is prepared by evaporating most of the water from sap collected from maple trees.
Government regulations require that the minimum density of a product be 1.1 g/mL, indicating a
specific sugar concentration, in order to be labelled as “Genuine Maple Syrup”.

Quality control technicians at Confederation Maple Syrup Co. do qualitative checks each hour on
the syrup being produced. They test to see if the density meets the minimum government
requirements. They have a standard solution of the minimum density that is coloured “yellow”
with food colouring.

A. Hourly Qualitative Check
Samples from different evaporators in the factory are given identifying colours. Today, samples

of unknown density from three different evaporators have just arrived. The samples are coloured

to identify their source. These samples are coloured “red”, “blue”, and “green”. You, as a

technician, are going to do a simple qualitative test to see if the unknowns have a density greater

than, equal to, or less than the standard solution.

B. Daily Quantitative Check
Each day the technicians also do a quantitative check on the company product. You will also be
doing this test.

C. Tours
Several times a month, school groups tour the Confederation Maple Syrup Co. Since density is a
topic in Grade 5 science, these classes often stop at the quality control labs. You will be asked
to make a presentation to them in Question 8.

*This task has been adapted from Unit 1, Activity 3: “Properties of Water Density”, in the course profile for Science,
Grade 9, Academic (Public).

Final Product
* Completed student booklet

Assessment and Evaluation

* The entire student booklet, which contains the student’s written answers, will be submitted for
assessment. It will be scored using the task rubric.*

= Laboratory skills, working collaboratively, and laboratory safety can be assessed by teacher
observation.

Expectations Addressed in the Exemplar Task

Students will:

1. solve density problems — given any two of mass, volume, and density, determine the third —
using the formula density = mass/volume and appropriate SI units;

2. demonstrate the skills required to plan and conduct an inquiry into the properties of elements
and compounds, using instruments, tools, and apparatus safely, accurately, and effectively;

3. gather and record qualitative and quantitative data using an appropriate format, and analyse
the data to explain how the evidence gathered supports or refutes an initial hypothesis;

4. communicate scientific ideas, procedures, results, and conclusions using appropriate SI units,
language, and formats, and evaluate the processes used in planning, problem solving, decision
making, and completing the task;

5. investigate potential careers associated with an understanding of the physical and chemical
properties of elements and compounds.

Teacher Instructions

Prior Knowledge and Skills Required

* The expectations being assessed come from the strand Chemistry: Atoms and Elements and
focus on density. For many classes, this task will serve as a review of expectations addressed
earlier in the year.

« The Ontario Curriculum, Grades 1-8: Science and Technology, 1998 addresses both solutions
and density. Any deficits in the background from Grades 8 and 9 should be identified and
reviewed as necessary.

= To complete this task, students should have some knowledge or skills relating to the following:
— the concepts of density and of variables
— collecting, recording, and interpreting data
— distinguishing between qualitative and quantitative measurements
— measuring with a balance and a graduated cylinder, transferring liquids with an eyedropper,

and recognizing the degree of accuracy possible in reading scales and meniscuses
— applying the mathematical formula D = m/V and using it to calculate density
— the relationship between density and floating or sinking
— the production of maple syrup
— the economic costs involved in the production of a product

Science, Academic

*The rubric is reproduced on page 14 of this document.




50

The Ontario Curriculum - Exemplars, Grade 9: Science

S| Metric Style

* You should model good metric style for students. A resource is Science: Intermediate/Senior
Divisions (1987): Part 1, Program Outline and Policy, Appendix B: Physical Quantities, and
Appendix C: Metric Editorial Practice, pp. 79-98.

e The accepted symbol for density is p and an italic m and V are the symbols for mass and
volume, respectively. Since some Canadian texts use D = m/V, either designation will be
accepted for this task.

Accommodations
Accommodations that are normally provided in the regular classroom for students with special
needs should be provided in the administration of this performance task.

You may wish to review the relevant course profile for specific suggestions for accommodations
appropriate for students in special education programs.

Working in Pairs and Individually

« Students can work individually for the entire task, or if equipment and space limitations
require it, they can work in pairs in the laboratory to conduct qualitative comparisons of
solutions. The quantitative density measurement of the “unknown” solution should be carried
out individually.

« After collecting laboratory data, students are to complete their reports individually, so that
they may be assigned individual scores.

Materials and Resources Required per Student or Student Pair
e 4 test tubes (to hold samples)

e 12 test tubes, small diameter (to mix samples)

e 4 eyedroppers

« pencil/paper/ruler

* waste bucket

* paper towels

« beaker or test tube rack (to hold test tubes)

« 4 different coloured sugar solutions described below
« balance (minimum of one per four students)

* graduated cylinder (25 mL)

Preparation
* Show a bottle of maple syrup for any students who may not know what it is. The term
“genuine” has been used instead of “pure” to avoid confusion with “pure substance”.

Preparation of Solutions

« Prepare the solutions, using warm water to speed the dissolving of
the sugar. Solutions

= Each class requires a minimum of 500 mL of each of the solutions #1 Blue
and twice this volume of solution #2. #2 Red

* For students who have difficulty with colour, the solutions should #3 Green
be labelled as Solution #1, Blue, etc. The colour designations could Standard Yellow
also be shown on the chalkboard.

« If prepared as directed, the standard solution (yellow) has a density of 1.1 g/mL. The red
solution also has a density of 1.1 g/mL. The blue solution has a density of 1.2 g/mL and the
green solution has a density of 1.0 g/mL.

« Prepare four different solutions of the following densities:

[0 150 g of sugar in 500 mL of water with blue food colouring (solution 1, blue)
[J 150 g of sugar in 1.0 L of water, to be divided into two 1 L samples:

— one with yellow food colouring (standard solution, yellow)

— one with red food colouring (solution 2, red)
[0 500 mL of tap or distilled water with green food colouring (solution 3, green)

* You may want to make solutions more extreme so that students find a larger quantitative
difference (i.e., make the blue solution more concentrated).

Test the Solutions and Procedure Before Administering the Task

Perform the task in advance of the day of administration to become familiar with the
observations and to verify densities. Determine the amount of food colouring required for best
visibility on mixing. If the solutions are too dark, it will not be possible to see mixing of colours.

Rubric

Introduce the task-specific rubric to the students at least one day prior to the administration of
the task. Review the rubric with the students and ensure that each student understands the
criteria and the descriptions for achievement at each level.

Allow ample class time for a thorough reading and discussion of the assessment criteria outlined
in the rubric.

Some students may perform below level 1. It will be important to note the characteristics of their
work in relation to the criteria in the assessment rubric and to provide feedback to help them
improve.

Student Tasks and Proposed Answers

Procedure A for Hourly Testing involves using an eyedropper to transfer twenty-five drops of
solution 1 to a small-diameter test tube (10-12 mm in diameter). Students then slowly and
carefully add three or more drops, if required, of solution 2, waiting ten seconds between drops.
The drops should be allowed to run down the side of the test tube to maximize the effect. If the
two solutions mix, then solution 2 has a density equal to or greater than the density of solution 1.
If the three drops of solution 2 form a narrow ring above solution 1, then solution 1 is more dense
than solution 2.

Note: Column 4 is requested in the instructions. Do not remind the students to include column 4
or that one of the options is X = Y. All you can do is remind them to read the instructions
carefully.




Proposed Answers (Questions 2, 3, 4)

Solution Solution Added
in Tube on Top Result Meaning/Conclusion
Yellow Blue Blue sinks B>Y
Blue Yellow Yellow floats or Y<B
coloured ring forms
Yellow Green Green floats or G<Y
coloured ring forms
Green Yellow Yellow sinks Y>G
Yellow Red Mixes R>YorR=Y
Red Yellow Mixes Y>RorY=R
Blue Red Red floats or
coloured ring forms R<B
Red Blue Blue sinks B>R
Blue Green Green floats or G<B
coloured ring forms
Green Blue Blue sinks B>G
Red Green Green floats or G<R
coloured ring forms
Green Red Red sinks R>G

Qualitative Hourly Check
The student should state that:

* blue is more dense than yellow (the standard) or B> Y or Y <B;
« green is less dense than yellow (the standard) or Y >GorG<Y;

* blue is the most dense liquid;
« green is the least dense liquid;

« yellow and red are equal in density or Y = R.

Why Is There a Need to Control Sugar Concentration? (Question 5)
= Students should indicate that a density below government regulation will not allow
Confederation Maple Syrup Co. to label and sell the product as “Genuine Maple Syrup”.
« Factors influencing Confederation to keep the density no greater than 1.1 g/mL could
include its having to spend extra money, energy, and time, as well as use extra raw
product, in evaporating off extra water to make a more concentrated sugar solution.

Procedure B for Daily Test (Questions 6, 7)
* Students take the sample that they have identified as equal in density to the standard and
use the balance and graduated cylinder to gather the data necessary to calculate the

density of the sample.

* Students make measurements and record them in neat format or in a labelled chart.
* Calculations are to show all steps and include units.

5
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Example: mass of empty graduate = 53.65 g
mass of liquid + graduate = 65.20 g
mass of liquid = (65.20 — 53.65) g = 11.55 g

volume of liquid = 10.50 mL

D=m/\V
D =11.55¢/10.50 mL
=1.10g/mL

If prepared as directed, the standard solution (yellow) should have a density of 1.10 g/mL
or 1.1 g/mL. The red solution should also have a density of 1.10 g/mL or 1.1 g/mL. The
blue solution should have a density of 1.2 g/mL and the green solution a density of

1.0 g/mL.

Procedure C for Explaining to Grade 5 Students on Tour (Question 8a)

« Students describe the steps required to determine the mass of a measured volume of
solution. They should find the mass of the empty graduated cylinder. They should
measure out a certain volume of liquid and determine its mass by subtracting the mass of
the graduated cylinder from the mass of the liquid and graduated cylinder. Mass divided
by volume provides the mass per unit volume or the density.

= Since this explanation is to a touring Grade 5 class, appropriate language, clarity,
completeness, and a logical sequence are required.

Skills Necessary for Technician (Question 8b)

« Student should indicate the laboratory skills necessary to obtain an accurate result.

= Additional qualities such as communication, working with others, promptness, etc., are
expected at levels 2-4. Since this explanation is to a touring Grade 5 class, appropriate
language, clarity, completeness, and a logical sequence are required.
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Chemical and Physical Change

The Task
In the first part of the task, students worked in pairs to:

= observe the physical and chemical changes that produce
carbon dioxide gas, and record their observations;

= examine the properties of the gas.

In the second part of the task, students were to work individu-
ally to design a container (on paper) to hold two chemical com-
pounds that make carbon dioxide gas, and explain the process
involved in designing the container, on the basis of their under-
standing of physical and chemical change. The container was to
be such that:

» the chemical compounds would not come in contact with
each other when the carbon dioxide product was not required
for any application;

= when required, a fairly simple manipulation of the container
would result in the two chemical compounds’ coming into
contact to produce the necessary carbon dioxide to extinguish
a flame.

Each student was required to complete questions 1-7 in the
student booklet.

Expectations

This task gave students the opportunity to demonstrate achieve-
ment of the following selected expectations from the strand
Chemistry: Exploring Matter.

Students will:

1. describe, using their observations, the evidence for chemical
changes;

2. demonstrate knowledge of laboratory, safety, and disposal
procedures while conducting investigations;
3. determine how the properties of substances influence their use;

4. demonstrate the skills required to plan and conduct an
inquiry into the properties of substances, using apparatus
and materials safely, accurately, and effectively;

5. communicate scientific ideas, procedures, results, and con-
clusions using appropriate language and formats;

6. investigate the properties of changes in substances, and clas-
sify them as physical or chemical based on experiments;

7. explain how a knowledge of the physical and chemical prop-
erties of elements enables people to determine the potential
uses of the elements and assess the associated risks.



Prior Knowledge and Skills

To complete this task, students were expected to have some
knowledge or skills relating to the following:

« distinguishing between chemical and physical properties
(elements and compounds)

= recording observations (including creating appropriate head-
ings for the task) in a table, chart, or other suitable organizer,
by hand or using spreadsheet software

= accurately drawing and labelling a diagram using a pencil
and ruler, and writing a clear, concise explanation of what the
diagram represents

= writing, using appropriate vocabulary, observations concern-
ing colour, texture, density, and combustibility

For information on the process used to prepare students for the task
and on the materials and equipment required, see the Student Task
Description on pages 58-59 and the Teacher Package reproduced on
pages 92-95.
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Task Rubric - Chemical and Physical Change

Expectations* Criteria

Knowledge/Understanding
The student:

Level 1

Level 2

Level 3

Level 4

1,3,6 - demonstrates an under-
standing of the concepts
of physical and chemical
change and physical and
chemical property

demonstrates limited
understanding of the
concepts

demonstrates some
understanding of the
concepts

demonstrates consider-
able understanding of the
concepts

demonstrates a thorough
understanding of the
concepts

Inquiry
The student:
3,4,6 - draws valid inferences draws inferences that draws inferences that draws inferences that draws inferences that
from data have limited validity have some validity have considerable validity have a high degree of
validity
- follows the identified follows a few of the identi- follows some of the identi- follows most of the identi- - follows all/almost all of
procedures fied procedures fied procedures fied procedures the identified procedures
Communication
The student:
1,5 - provides details that are provides details often not provides details some- provides details mostly provides details entirely

consistent with data

- communicates required
information clearly and in
an organized manner

- prepares diagram with
neatness and appropriate
detail

- displays data in complete
and well-organized chart

- uses scientific terminology
accurately

consistent with data

communicates information
with limited clarity and
organization

prepares diagram with
limited neatness and
detail

makes incomplete chart
with limited organization
uses scientific terminology
with limited accuracy

times consistent with data

communicates information
with some clarity and
organization

prepares diagram with
some neatness and detail

makes partially complete,
partially organized chart
uses scientific terminology
with some accuracy

consistent with data

communicates information
with considerable clarity
and organization

prepares diagram with
considerable neatness
and detail

makes mostly complete,
well-organized chart

uses scientific terminology
with considerable
accuracy

consistent with data

communicates information
with a high degree of clar-
ity and organization

prepares diagram with a
high degree of neatness
and detail

makes very complete, very
well organized chart

uses scientific terminology
with a high degree of
accuracy




Expectations* Criteria (AT Level 2 Level 3 Level 4

Making Connections
The student:

7 - proposes a course of - proposes a course of - proposes a course of - proposes a course of - proposes a course of
practical action (container action with limited action with some action with considerable action with a high degree
design) in response to a effectiveness effectiveness effectiveness of effectiveness

problem involving
physical/chemical change

*The expectations that correspond to the numbers given in this chart are listed on page 54. Although all of the expectations were addressed through instruction relating to the task,
student achievement of expectation 2 was not assessed in the final product.

Note: A student whose overall achievement at the end of a course is below level 1 (that is, below 50%) will not obtain a credit for the course.
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Student Task Description

Chemical and Physical Change

The Task

Congratulations on your new position as a summer
student working with Chemwide Industries. You
will work with a fellow student on the following
two-part project:

* Observe a variety of physical and chemical
changes that produce carbon dioxide gas. At
the end of each of the required procedures, you
will pour the carbon dioxide over a lit candle to
establish an important physical property of the
gas that makes it useful for extinguishing fires.

e Design a container that will:
- keep two chemical substances that produce
carbon dioxide apart for as long as required;
- allow for the substances to mix when carbon
dioxide is needed to extinguish a flame.

Each summer student will be required to submit to
the supervisor a chart of observations and a work
plan that includes the design for the container
(questions 1 to 7 in the student booklet).

Materials

Make certain that the following materials are

available at your work station:

« safety goggles - one pair for each student

» small amount of Bromoseltzer crystals or
crushed Alka-Seltzer tablets

e small amount of sodium bicarbonate

* 1 bottle of soda pop - 600 mL (cola works best)

e 3 balloons, round, about 30 cm in diameter

e 3 test tubes, large

* 50 mL of water

e 50 mL of vinegar

e 1 candle

e tin can with lid removed

* matches

e can containing sand in which to extinguish
matches
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Instructions for Question 1

1. You and your partner will be asked to follow
each of the procedures listed below to produce
carbon dioxide gas. In each case, record all
observations in an appropriate table or chart
that you have made.

Place the candle in the tin can and light it
carefully.

Add 25 mL of water to a test tube

Prepare the balloons by stretching their
necks and inflating them several times so
they will expand when they should. Open the
neck of one balloon and place a pinch of
Bromoseltzer inside.

Attach the balloon to the lip of the test tube
and hold it in place. Then hold the balloon
upright so that the Bromoseltzer falls into
the water.

* When effervescence ceases, tightly pinch the
neck of the balloon closed and remove it from
the test tube. Place the neck of the balloon
just inside the rim of the can containing the
burning candle and slowly push the contents
out of the balloon so that they pour onto the
flame.

b) Add 25 mL of vinegar to the second test tube
and a pinch of sodium bicarbonate to a second
balloon. Repeat the steps above.

c) Attach a third balloon to the neck of a recently
opened bottle of pop and use your fingers to
hold the balloon in place while you shake the
bottle. Pour the contents of the balloon over a
burning candle.

d) Sprinkle a pinch of sodium bicarbonate directly
onto the flame of a burning candle.

Instructions for questions 2—7 are contained in the pages of the student booklet reproduced in the samples that follow.

Science, Applied
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Chemical and Physical Change Level

0
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2. In the space below, indicate whether each of the four procedures resulted
in a physical change, or a chemical change. In each case justify your answer
based on observations you made.
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3. Based on your observations, state one physical and one chemical property of
carbon dioxide gas.
a) physical:

b)  chemical: ar;lrfé’afs M condon duiide & <gove

4. Use the space below to draw and label a container will hold two chemical
substances that when mixed together form carbon dioxide gas. Your
container must:

a) keep the chemical substances apart until the carbon dioxide is required,

b) must include a simple mechanism that allows the chemical substances to
come info contact when required.
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E)

5, Write a brief description of why the container is designed the way it is, and
how your container design meets the two design criteria.
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6. Explain why the carbon dioxide released by your device is able to put out a
fire.
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7.

Write a brief description of the planning process you used to produce your
design for the container. Include in your description

= problems that you encountered
= how successful you were in finding solutions to these problems

+ what you would do differently next time
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Teacher’s Notes

Kn

owledge/Understanding

The student demonstrates limited understanding of the properties of sub-
stances and of the concept of physical and chemical change (e.g., provides
limited justifications in question 2).

Inquiry

The student draws inferences that have limited validity (e.g., has difficulty
classifying the observed changes/reactions as physical or chemical
changes).

The student follows a few of the identified procedures (e.g., has difficulty
designing a container that will allow the chemical compounds to come into
contact by simple manipulation).

Communication

63

The student makes a limited attempt to include required details (e.g., does
not show clearly whether lines drawn in diagram indicate separation
barriers).

The student gives information with limited clarity (e.g., in questions 5 and 6,
gives detailed ideas and information, but in a manner that is difficult to
understand).

The student makes incomplete charts with limited organization (e.g., pro-
duces three data tables that should have been combined into a single table;
does not space information accurately).

The student uses scientific terminology with limited accuracy (e.g., in ques-
tion 2, uses the term “state” inaccurately; repeatedly refers to
“Bromoseltzer” as “bromium”).

Science, Applied

Making Connections

- The student proposes a course of action with limited effectiveness (e.g., the
container does not meet the stated requirements because it does not keep
the chemicals apart).

Comments/Next Steps

- The student should work on recording observations and should improve
charting skills by setting up columns appropriately to indicate the order of
reactions.

- The student should work on using appropriate scientific terms and chemi-
cal names.

- The student should clarify the definition of chemical and physical proper-
ties, and the explanation of how to identify when a chemical or physical
change has occurred.

- The student shows signs of careful observation in the chart, and should
work on developing explanations for the observations.
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Chemical and Physical Change Level 1, Sample 2
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In the space below, indicate whether each of the four procedures resulted
in a physiecal change, or a chemical change. In each case justify your answer
based on observations you made.
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Based on your observations, state one physical and one chemical property of
carbon dioxide gas.
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4. Use the space below to draw and label a container will hold two chemical
substances that when mixed together form carbon dioxide gas. Your
container must:

a) keep the chemical substances apart until the carbon dioxide is required,
and

b) must include a simple mechanism that allows the chemical substances to
come into contact when required.
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5.

Write a brief description of why the container is designed the way it is, and
how your container design meets the two design criteria.
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6. Explain why the carbon dioxide released by your device is able to put out a

fire.
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7. Write a brief description of the planning process you used to produce your Teacher’s Notes
design for the container. Include in your description Knowledge/Understanding
« problems that you encountered - The student demonstrates limited understanding of the concepts of physical

* how successful you were in finding solutions to these problems and chemical change and physical and chemical properties (e.g., in ques-

+ what you would do differently next time . . . . . .
tions 2¢ and 2d, confuses physical change with the physical action of mixing

substances; recognizes that GO, displaces 0, to extinguish a flame, but does

not recognize a clear link between physical and chemical properties).
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Fuste s Yo, - The student makes appropriate, if simple, observations, but needs to draw
valid inferences from the data (e.g., that chemical change is indicated by a
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‘ < " e new state).

- The student follows few of the identified procedures (e.g., observations in
the chart give little evidence that procedures were followed).
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Communication

- The student gives details that often are not consistent with data (e.g., gives
explanations that lack support or justification).

- The student presents information with limited clarity and organization (e.g.,
does not provide explanations or meet other requirements of questions).

- The student makes an incomplete chart with limited organization (e.g., uses
only two rows with no columns or headings, describing two observations).

- The student uses scientific terminology with limited accuracy (e.g., does not
recognize the difference between “properties” of and “changes” in matter).

Making Connections

- The student proposes a course of action with limited effectiveness (e.g.,
designs a container in which the two reactants are separated, but does not
clearly show the mechanism to mix them and to release the gas produced).




Comments/Next Steps

- The student needs to communicate more details in answers to adequately
present ideas.

- The student should place more emphasis on recording observations and
interpreting data in a systematic way.

- The student made an attempt to use appropriate chemical formulae
(e.g., “C02”), but did not write the symbols correctly; needs to work on
increased accuracy.
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Chemical and Physical Change

0

Level 2, Sample 1
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In the space below, indicate whether each of the four procedures resulted
in a physical change, or a chemical change. In each case justify your answer
based on observations you made.
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4.  Use the space below to draw and label a container will hold two chemical
substances that when mixed together form carbon dioxide gas. Your
container must:

a) keep the chemical substances apart until the carbon dioxide is required,
and
b) must include a simple mechanism that allows the chemical substances to
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Bl ‘Write abrief description of why the container is designed the way it is, and

how your confainer design meets the two design criteria,
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/6. Explain why the carbon dioxide released by your device is able to put out a
fire.
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7. Write a brief description of the planning process you used to produce your Teacher’s Notes
design for the container. Include in your description Knowledge/Understanding
& problems that you encountered - The student demonstrates some understanding of the properties of sub-
s how successful you were in finding solutions to these problems stances and of the concept of physical and chemical change (e.g., in ques-

* what you would do differently next time tions 2a and 2b, identifies that two substances are required, but misses the

point of a physical change in 2¢ and 2d by relating it to the number of sub-

- w \D
_Dt:’_)ciﬁp nown i stances being used).
Q’T‘rﬁ H'ahm\'a Yoeess | ubed Y0 Droduee my Inquiry
dmxag\ for 0 oYV, r\f-r, wesNy hard ‘;ﬁ - The student follows most of the identified procedures and then draws infer-
at) uhe dfh‘ he expriment gaue ences that have some validity (e.g., in question 2a, states that mixing two
e diderend r\%’ﬁ and thc*ﬂ i+ uu‘ag time

substances together to make a new one is a chemical change; in 2d, how-
ever, states that it is a physical change “because there was only one sub-
stance”, but relates this to the result “and the flame did not go out”).

10 Araw 4, ete wts no probiem cuhod
A eNeY .

Communication

- The student pays some attention to details and neatness in the diagram
(e.g., illustrates the separation of the reactants, but not the mechanism for
mixing).

- The student makes a chart that is partially complete but lacks detail and
includes no observations of initial properties of the reactants.

- The student uses scientific terminology with some accuracy (e.g., in ques-
tion 2, shows some understanding of key terms; however, uses colloquial
expressions such as “burnout”, “blow the flame out”, and “fizzes” to
describe properties and changes).

Making Gonnections

- The student proposes a course of action with some effectiveness (e.g., in
explanation of container design, indicates that oxygen is required for com-
bustion, but does not describe the role of GO, in preventing oxygen from

7 reaching the fire; in container design itself, does not resolve how the chemi-

cals are to react together when kept in two separate containers).




Comments/Next Steps

- The student is starting to understand the need for recording observations in
an organized manner, but needs to work on incorporating more accurate
scientific terminology.

- The student needs to develop better design features on the basis of observa-
tions and pay greater attention to explanation of details.

- The student needs to present inferences and observations when stating the
physical and chemical properties of carbon dioxide gas.

- The student gives good partial justifications for the answers in question 2,
but should continue to work on understanding key terms.
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Level 2, Sample 2

Chemical and Physical Change

In the space below, indicate whether each of the four procedures resulted
ina physical change, or a chemical change, In each case justify your answer
based on observations you made.
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ku« the space below to draw and label a container will hold two chemical
substances that when mixed together form carbon dioxide gas. Your
container must:
a) keep the chemical substances apart until the carbon dioxide is required,
and
b) must include a simple mechanism that allows the chemical substances to
come inte contact when required.
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5, Werite a brief description of why the container is designed the way it is, and
how your container design meets the two design criteria.
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7. Write a brief description of the planning process you used to produce your
design for the container. Include in your description

s problems that you encountered
* how successful you were in finding solutions to these problems
+ what you would do differently next time

R P 4\'\@\3%\'\\. "E.-Pf: nelen, A —aas
4 | g ‘.
M= 2 Ereveical § 4:..4:!5\4% HEEEES =1
sy havd . Sgune au® e
ol o be  sepefoded !

b gt
T dve  vexd

heVes Srean  Teone destionals 2o ok Ay
. avid ok ol

el ey

Cecaune e
e Z2C V\Cv\_\';l:!:&"f-‘
Y L 2o Moo

cr_‘\. L:\L:Bi\ll\i %Y‘E W, \j d@-k.‘ ce

evenyy  eoe and. ste.

)
- AP"OLJEBV\A 2 1% adamwm C\V‘A r“‘vg‘ju_h.@o
oo r.‘lC;'Q‘x_'Q,\l.:j e g(jla‘\ wmﬁa- B
C“\"ef\ﬁtd‘e.\& .

Teacher’s Notes
Knowledge/Understanding

- The student demonstrates some understanding of the concept of physical
and chemical change (e.g., in 2a, recognizes chemical change, but in 2c,
gives incorrect response), but does not give evidence of understanding the
meaning of a “property”.

Inquiry

The student follows some of the identified procedures and draws inferences
that have some validity (e.g., comments that no reaction is observed, but
believes the flame goes out because the sodium bicarbonate smothers the
flame).

GCommunication

The student communicates information with some clarity (although the
description of the container requires some effort to understand) and some
degree of organization (although the answers to questions 5 and 6 are virtu-
ally identical).

The student shows some attention to neatness in the diagram.

The student creates a chart that is partially complete but does not differen-
tiate between observations and inferences (e.g., “It worked just like a fire
extinguisher”).

The student uses scientific terminology with some accuracy (e.g., “Baking
soda and vinegar: it starts bubbling, changes colour from opaque to

white ... and it gives out gas!”).

Making Gonnections

The student proposes a course of action with some effectiveness (e.g.,
indicates in the diagram a mechanism for the required mixing of the
chemicals).



Comments/Next Steps

- The student needs to work on providing clear observations and on identify-
ing and communicating important details (e.g., should state more clearly
the quantity of solid sodium bicarbonate used to extinguish the flame).

- The student needs to work on drawing effective diagrams: the diagram
should clearly show design features that are to be explained later (i.e., in
questions 5 and 6).

- The student needs to work on the use of appropriate scientific terminology
in explanations.
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Chemical and Physical Change

0

Level 3, Sample 1
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In the space below, indicate whether each of the four procedures resulted

in a physical change, or a chemical change. In each case justify your answer
based on observations you made.
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Based on your observations, state one physical and one chemical property of

carbon dioxide gas.
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b) chmiml:mmgimm- 5. Write a brief description of why the container is designed the way it is, and

how your container design meets the two design criteria.

4 Use the space below to draw and label a container will hold two chemical

substances that when mixed together form carbon dioxide gas. Your Nerliinn Icaplorade. imbe cre Ceo Zzi e AS 2377
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6. Explain why the carbon dioxide released by your device is able to put out a
fire.
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H
7.  Write a brief description of the planning process you used to produce your Teacher’s Notes

design for the container. Include in your description Knowledge/Understanding
- The student shows considerable understanding of the properties of sub-
s problems that you encountered
» how successful you were in finding solutions to these problems stances and the concept of physical and chemical change (e.g., “... chemical
* what you would do differently next time change because you cannot turn the substance back ... ", “C0, extinguished
the flame”).
__,/( dood e, Ercsande oy p/z&bjfan{,_ here, Y
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Inquiry
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- The student draws inferences that have considerable validity (e.g., in

J _worfes/ A Aooretotn, question 3a, identifies two of the three physical properties but confuses
Cnt poo 5 mass and density).

) st At o Dow) ey / - The student follows most of the procedures involved in scientific inquiry
e o (e.g., applies technical skills with considerable competence and shows good

observational skills).
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Communication

- The student provides details that are mostly consistent with the data.

- The student communicates information with considerable clarity, precision,
and organization.

- The student creates a diagram that shows considerable neatness, elegance,
and simplicity of design.

- The student uses scientific terminology with considerable accuracy (e.g.,
uses terms such as “odourless” and “colourless” properly, but uses “distin-
guish” for “extinguish” in question 3b).

Making Connections

- The student proposes a course of action with considerable effectiveness,
using many appropriate technological links between the design of the con-
tainer and the chemical changes observed (e.g., the container has a divider
that is easily removed to allow mixing and can be simply constructed using
available materials).

- The student demonstrates the ability to transfer concepts relating to the
behaviour of gases to the design of the container (see question 6).




Comments/Next Steps

79

The student needs to provide a rationale for some of the inferences made.
The student shows good problem-solving strategies in creating and explain-
ing the design, but should elaborate on them by adding more detail.

The student needs to consider and communicate the result as the C0, is
evolved.

The student needs to develop further his or her analysis of the planning
process used.

The student should work on the use of correct chemical terminology

(e.g., sodium bicarbonate, not “sodium”).
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Chemical and Physical Change Level 3, Sample 2
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In the space below, indicate whether each of the four procedures resulted
in a physical change, or a chemical change. In each case justify your answer
based on observations you made.
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Based on your observations, state one physical and one chemical property of
carbon dioxide gas.
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4. Use the space below to draw and label a container will hold two chemical
substances that when mixed together form carbon dioxide gas. Your
container must:

a) keep the chemical substances apart until the carbon dioxide is required,
and

b) must include a simple mechanism that allows the chemical substances to
come into contact when required.
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5,

Write a brief description of why the container is designed the way it is, and
how your container design meets the two design criteria.
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6. Explain why the carbon dioxide released by your device is able to put out a
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7.

Write a brief description of the planning process you used to produce your
design for the container, Include in your description

« problems that you encountered
+ how successful you were in finding solutions to these problems
= what you would do differently next time
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Teacher’s Notes

Knowledge/Understanding

- The student demonstrates considerable understanding of the properties of
substances and the concept of physical and chemical change (e.g., provides
detailed explanations in question 2, although the answer to 3b is inaccurate).

Inquiry

- The student draws inferences that have a considerable to high degree of
validity, as seen in the reasons given for designating changes as chemical
or physical in question 2 (e.g., physical change: “this was because nothing
change nothing was created when we added the pop. The pop already con-
tained carbon dioxide”).

- The student follows most of the identified procedures (e.g., the construction
of an observation chart, the preparation of the design, and the analysis of
the design in the conclusion, in question 7).

Communication

- The student provides details that are mostly consistent with the data.

- The student communicates information with considerable clarity.

- The student prepares the diagram with considerable neatness.

- The student uses scientific terminology with considerable accuracy (e.g.,
states that CO, was “transparent” [question 3]; comments that “... in order

for fire to burn it relies on oxygen ...” [question 6]), but makes a few errors
(e.g., refers to baking soda as “baking sodium”).

Making Connections

- The student proposes a course of action with considerable effectiveness,
producing a design that meets requirements (although it is not entirely
clear how the plastic card separates the two substances) and making clear

connections, in questions 5 and 6, between the experimental situation and
the final design.



Comments/Next Steps

- The student should continue to work on drawing valid inferences from data.

- The student could be more precise in the design details (e.g., would need to
clearly indicate how the release mechanism works in order to construct a
working model of the design).

- The student should be careful to use correct scientific terms.
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Chemical and Physical Change

Level 4, Sample 1
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In the space below, indicate whether each of the four procedures resulted
in a physical change, or a chemical change. In each case justify your answer
based on observations you made.
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4. Use the space below to draw and label a container*will hold two chemical
substances that when mixed together form carbon dioxide gas. Your
container must:

a) keep the chemical substances apart until the carbon dioxide is required,
and
b) must include a simple mechanism that allows the chemical substances to

come into contact when required.
P peHom 5pf'-03

FLRE CRENADE W[l

Buton/Too _ P {_ampac-'in-er@
weder el *-'5"\"- A
washer P Medal coseind
[— T Pleatic Flembrong
foinded  dect o4 _E i
Bese of Botion -» j one ceonahe [0
4 L Comportrerd (D)
Ore woy walue @ . WL
B n;,k_r.ﬂons.;. Tre Fire Gremad VLI corde UKe dhe.
Compastrrerd | 5 Gilkd with ogidic acid. lWines Hhe

ButHor, v pressed, J,L-ﬂ acp poing gl e Ratlan

F eices i, \@P plasic N‘emg\afﬁr Tiis (@ales Hﬂi con e s |

ol c‘-_-,ﬁ-apc, Termerd | faccdic aoid) in ks Compol ey T

| Lo, Vs Lolled ik modions micosboncde, T _h'

Onz-se's a thlg,m\ch reaction  Lameon creakes Cet Q_.

| presure o 5\.‘{-3\@4,,1 mEial dose T 1

oud of 4he W{'UIE'S |.-ult b ohl@ \i “%% n&ihenn ﬁ:\—e-
TS Lanil 05 r\le—a%n@d 4o be »\o__ S hev_-& Gk +m¢u_m .r\J.=.|
e fice

|
|
— e — - +

Write a brief description of why the container is designed the way it is, and
how your container design meets the two design criteria.

Aoy = i ; [0 ook

ek e d?‘-&:}r\ Corderic
R W (e
N T = O S RN
At | eoleases Ie cremicels coven
neededd
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7. Whrite a brief description of the planning process you used to produce your
design for the container. Include in your description

+ problems that you encountered
» how successful you were in finding solutions to these problems
= what you would do differently next fime
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Teacher’s Notes
Knowledge/Understanding

The student demonstrates a thorough understanding of the properties of
substances and the concept of physical and chemical change.

Inquiry

The student draws inferences that have a high degree of validity with
respect to the observed data (e.g., includes a column in the observation
chart outlining evidence supporting his or her classification of a change as
chemical or physical).

The student follows all of the identified procedures (e.g., records observa-
tions in organized format; meets all criteria for the design problem).

GCommunication

The student provides details that are entirely consistent with the data.

The student communicates information with a high degree of clarity (e.g.,
provides a description in question 5 and instructions in question 4 that are
clear and completely consistent with the design).

The student creates a diagram that displays a high degree of neatness and
detail in the labelling.

The student creates a very complete and very well organized chart.

The student demonstrates a thorough knowledge of scientific terminology,
using it in a clear and understandable manner.

Making Connections

The student proposes a course of action with a high degree of effectiveness,
producing a unique and highly inventive design (e.g., note the “button/tack”
with the “water/air tight washer”), and forming extensive links between the
experimental data and other situations (e.g., “if you add high concentrations
of CO% on a fire, depleting it oxogen supply, you can put it out”).

The student demonstrates in the design an understanding of the application
of knowledge in a real-world context.

The student indicates what should be done next (e.g., build the container
and test it).



Comments/Next Steps

- The student’s design captures the spirit of the activity, relating back to the
original task

- The student could work on expanding the answers given to justify designat-
ing changes as physical or chemical.
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Chemical and Physical Change

Level 4, Sample 2
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In the space below, indicate whether each of the four procedures resulted

in a physical change, or a chemical change. In each case justify your answer
based on observations you made.
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Based on your observations, state one physical and one chemical property of
carbon dioxide gas.

a) physical:
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Use the space below to draw and label a container will hold two chemical

substances that when mixed together form carbon dioxide gas. Yeur

container must:

a) keep the chemical substances apart until the carbon dioxide is required,
and

b) must include a simple mechanism that allows the chemical substances to
come into contact when required.

5. Write a brief description of why the container is designed the way it is, and
how your container design meets the two design criteria.
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6. Explain why the grban dioxide released by your device is able to put out a

89

Science, Applied




90 The Ontario Curriculum - Exemplars, Grade 9: Science

7. Werite a brief description of the planning process you used to produce your
design for the container. Include in your description

« problems that you encountered NN
« how successful you were in finding solutions to these problems — [\)%
+ what you would do differently next fime — gy,
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Teacher’s Notes

Knowledge/Understanding
- The student demonstrates a thorough understanding of the properties of
substances and the concept of physical and chemical change (e.g., in
answers to questions 2 and 3, although the answer to question 3b could be
phrased more accurately).

Thinking/Inquiry

- The student draws inferences that have a high degree of validity with
respect to the observed data (e.g., in questions 2a and 2b, lists physical
properties with clarity).

- The student follows almost all of the task procedures, as illustrated by the
observation chart.

Communication

- The student gives information with a high degree of clarity and organization
(e.g., in response to question 9).

- The student creates a diagram that displays a high degree of neatness and
detail.

- The student makes a very well organized chart with almost all responses
linked consistently to the evidence presented.

- The student uses scientific terminology with a high degree of accuracy in
the observation chart (e.g., reactant and product observations are clear).

Making Connections

- The student proposes a course of action with a high degree of effectiveness,
producing a functional atomizer design and forming numerous links
between the experimental observations, chemical principles, and the design
of the device (e.g., see the diagram labelled “fire triangle”).



Comments/Next Steps

- The student’s description of the design (in question 5) could be more
consistent with the diagram.

- The student could analyse the design planning process in more detail, to
reflect on the strategies used (question 7).

- The student could continue to work on links between observations and con-
clusions, and to other situations that involve physical and chemical changes.

91 Science, Applied




92

The Ontario Curriculum - Exemplars, Grade 9: Science

T

eacher Package

Science Exemplar Task
Grade 9 Science - Applied

Teacher Package

Title: Chemical and Physical Change

Time Requirement: Two classroom periods of 70 minutes each

Description of the Task*

Students will assume the role of summer students working for a chemical company. Initially, they
will be part of a team, working in pairs. In the first part of this task, the team of students will
observe a variety of physical and chemical changes that produce carbon dioxide gas. In each case,
the carbon dioxide gas or solid baking soda will be “poured” over a lit candle to establish an
important physical property and an important chemical property of the gas.

In the second part of the task, students will individually design a container (on paper) to hold two

chemical compounds that make carbon dioxide gas, and explain the process involved in designing

the container on the basis of their understanding of physical and chemical change. The container

should be such that:

« the chemical compounds cannot come in contact with one another when the carbon dioxide
product is not required for any application;

= when required, a fairly simple manipulation of the container will result in the two chemical
compounds coming into contact to produce the necessary carbon dioxide to extinguish a
flame.

Final Product
Each student will submit his or her table or chart, the design, and a work plan for the container
consisting of the answers to questions 1-7 in the booklet.

Assessment and Evaluation Components
The criteria on which the written work will be assessed are outlined in the task-specific rubric.**

Teachers can choose to use the task rubric to assess the students’ laboratory skills as they work.

*This task has been adapted from Activity 3: “Chemical and Physical Changes™ (Unit 1-8-10) in the course profile for
Science, Grade 9, Applied (Catholic).

Expectations Addressed in the Exemplar Task

Students will:
1. describe, using their observations, the evidence for chemical changes;
2. demonstrate knowledge of laboratory, safety, and disposal procedures while conducting

investigations;

3. determine how the properties of substances influence their use;

4. demonstrate the skills required to plan and conduct an inquiry into the properties of
substances, using apparatus and materials safely, accurately, and effectively;

5. communicate scientific ideas, procedures, results, and conclusions using appropriate
language and formats;

6. investigate the properties of changes in substances, and classify them as physical or
chemical based on experiments;

7. explain how a knowledge of the physical and chemical properties of elements enables

people to determine the potential uses of the elements and assess the associated risks.

**The rubric is reproduced on page 56 of this document.

Teacher Instructions

Prior Knowledge and Skills Required

Students should have some experience in:

= distinguishing between chemical and physical properties;

= recording observations (including creating appropriate headings for the task) in a table, chart,
or other suitable organizer, by hand or using spreadsheet software;

« accurately drawing and labelling a diagram using a pencil and ruler, and writing a clear,
concise explanation of what the diagram represents;

= writing, using appropriate vocabulary, observations concerning colour, texture, density, and
combustibility.

Students in the initial years of this project will not have had the background in Grades 5 and 7
that will be in place once the new Ontario curriculum has been fully implemented from
Kindergarten to Grade 12.

If the chemistry unit has not been covered yet, it will be necessary to carry out diagnostic
activities to determine what the students know and are able to do. Review or supplement as
necessary.

Accommodations
Accommodations that are normally provided in the regular classroom for students with special
needs should be provided in the administration of this performance task.

You may wish to review the relevant course profile for specific suggestions for accommodations
appropriate for students in special education programs.




Materials Required (per Student Pair)

small amount of fresh Bromoseltzer crystals (or crushed Alka-Seltzer tablets)
small amount of fresh sodium bicarbonate

1 bottle of soda pop — 600 mL (cola works best)

3 balloons, round, approximately 30 cm in diameter

3 test tubes, large

50 mL of water

50 mL of vinegar

1 candle

1 soup can with the lid removed (or a 250 mL beaker)
matches

can containing sand in which to extinguish matches
safety goggles — one pair per student

Preparation

Perform the task before the day it is administered to the students so that you will be familiar
with the observations.

Students should be required to wear safety goggles while at the work stations.

Experiment with the amounts of water and fresh Bromoseltzer, and vinegar and fresh sodium
bicarbonate, to give the desired results.

If available, tea candles (very short candles in metal containers) are ideal. Place the candle at
the bottom of an empty soup can or 250 mL beaker so that the gas will not dissipate too
quickly. Candles can be ignited with fireplace matches.

Rubric

Introduce the task-specific rubric to the students at least one day prior to the administration of
the task. Review the rubric with the students and ensure that each student understands the
criteria and the descriptions for achievement at each level.

Allow ample class time for a thorough reading and discussion of the assessment criteria outlined
in the rubric.

Some students may perform below level 1. It will be important to note the characteristics of their
work in relation to the criteria in the assessment rubric and to provide feedback to help them
improve.

Task Instructions

Students will be given the following context for their task:

Congratulations on your new position as a summer student working with
Chemwide Industries. You will work with a fellow student on the following
two-part project:

e  Observe a variety of physical and chemical changes that produce
carbon dioxide gas. At the end of each of the required procedures,
you will pour the carbon dioxide over a lit candle to establish an
important physical property of the gas that makes it useful for
extinguishing fires.

. Design a container using one of the above procedures that will:
- keep two chemical substances that produce carbon dioxide
apart for as long as required;
- allow for the substances to mix when carbon dioxide is needed
to extinguish a flame.

Each summer student will be required to submit to the supervisor a
chart and a work plan that includes the design for the container
(questions 1 to 7 in the student booklet).

DAY 1
Students work in pairs to investigate ways in which carbon dioxide gas can be produced:

« They will need to prepare the balloons by stretching their necks and inflating them several
times to ensure they will expand as required.

« Place a pinch of Bromoseltzer crystals inside a balloon.

= Attach the balloon to the lip of a test tube containing 25 mL of water.

« Tip the crystals into the water.

* When effervescence ceases, “pour” the gaseous contents of the balloon over a burning candle.

« Place a pinch of sodium bicarbonate inside a second balloon.

= Attach the balloon to the lip of a test tube containing 25 mL of vinegar.

« Tip the powder into the vinegar.

« When effervescence ceases, “pour” the contents of the balloon over a burning candle.

= Place a balloon over the top of a recently opened bottle of pop with its contents shaken.

= Pour the contents of the balloon over a burning candle.

« Sprinkle a pinch of sodium bicarbonate over an open candle flame.

= Students, working in pairs, observe and record the appearances of each substance before,
during, and after the activity described above.
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Observations are recorded by each student in his or her own student booklet, using a suitable
organizer of the student’s own design.

Students will write a conclusion for the observed data, listing those properties associated with
physical changes, and those properties associated with chemical changes.

DAY 2

Students individually design a single container to hold two chemicals that, when mixed
together, produce carbon dioxide gas. The challenge is to keep the chemicals separate until
the carbon dioxide is needed. At this point, a simple manipulation of the container would
cause the two chemicals to mix and produce carbon dioxide, which then can be used to
extinguish a flame, as already observed. While it is intended that the container resemble a fire
extinguisher, the instructions are purposely general so as not to be limiting.

Although the task concludes at this point, it is strongly recommended that students construct
a working model of their design and then be given a period of time to evaluate its
performance. They should then make design changes that will allow them to make a better
product.

Potential Responses

Question 1:
Initial . . Product Effect on
Reactants During Mixin .
Appearance 9 9 Appearance Combustion
Bromoseltzer + | Bromo: small Effervescence Fine white Extinguishes
water white crystals residue flame
Water: clear, Balloon inflates
colourless with gas
liquid
Sodium Sodium Effervescence Fine white Extinguishes
bicarbonate + bicarbonate: residue flame
vinegar white powder Balloon inflates
Vinegar: clear, with gas
colourless
liquid
Soda pop Some fizzing Balloon No fizzing in Extinguishes
when cap expanded soda pop flame
opened
Sodium Coarse white Extinguishes

bicarbonate

powder

flame

Question 2:

a) Chemical — A gas is produced when Bromoseltzer and water are mixed.
b) Chemical — A gas is produced when sodium bicarbonate and vinegar are mixed.
¢) Physical — The gas is released from the soda pop. It was already there.
d) Chemical — A gas is released when the sodium bicarbonate is heated.

or

Physical — The solid smothers the flame, and oxygen cannot reach the candle wick.

Question 3:

a) clear, colourless, heavier than air, etc.
b) will not support combustion

Question 4:

The diagram should be neat and labelled appropriately.




Question 5:
The answer should clearly indicate how the chemicals are kept apart and how they are mixed
when needed.

Question 6:
The carbon dioxide is denser than air and falls onto the flame, cutting off the oxygen supply and
smothering it.

Question 7:

— The answer should discuss some of the thinking skills used in answering questions 5 and 6, as
well as those areas that needed to be planned carefully in light of the results observed in the
experiments in Part 1.

— An attempt should be made to explain the difficulties anticipated, and how the choice of
design would solve these problems.

— A brief plan for future changes to the container design should be included.
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