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HOW THIS ACTIVITY HELPS YOU

> Saves prep time with a fully structured, " o 5 B INVECTIGATION
print-and-go investigation. Students:

> Drives high engagement while still L Step into the role of a Sciene
meeting academic goals as students are
Interested in what they’re doing.
Y>> Builds deep understanding with real-
water sources, etc\
world relevance as the students 5. Buid a scientfic caseNg
analyze real evidence, make Reasoning. —
_ _ _ 5. Propose real solutions that matter.
connections, and using CER to explain

Y% %% % The added images and graphs enhanced the activity. My
eve rd ay C h em IStI‘y. an effective introduction to the topics. - Mystery Resource Buyer ”

students were engaged and motivated during the case study, and it was



HOW THIS MYSTERY

WILL HELP YOU

> Prep-FREE and fully editable Mystery Investigation - just

print/upload and assign with no materials.

Y>> Evidence Cards can be printed with and without images or
projected on board.

> Engages every learner through hands-on, high-interest
mystery investigations that boost motivation and participation.

>> Builds essential skills such as graph interpretation, problem-
solving, teamwork, creativity, and communication.



What Will Your
Students Learn?

FULLY EDITABLE AND READY-
TO-GO INVESTIGATION

FULL
ANSWER KEY

EVI DENGE ‘
‘e RUBRIC CARDS ..
Yo% % This is very well crafted and it great to use for a subplan but
also when | am in-class with students. They enjoy the detective layer of the
work and it kept the students engaged. - Mystery Resource Buyer

@What hard water is and how it forms

@Which minerals are commonly found in hard
water (calcium and magnesium)

Q How dissolved substances behave in water

@Why evaporation leaves solids behind

@ How heating increases mineral deposit formation

@ How minerals affect soap and cleaning

@ How mineral buildup impacts appliances and
pipes

@ How to analyze real-world data related to water
quality

@ How to use Claim—Evidence-Reasoning (CER) to
support scientific explanations

@ How chemistry explains everyday household
problems




The Hard Water Problem Mystery

Part 1 — Mission Briefing & Case Overview
Name: Date:

Case File #650 — The Hard Water Problem Mystery

Residents in a neighborhood began noticing a strange problem in their homes. White, chalky
deposits were building up on faucets, showerheads, kettles, and inside pipes. Some appliances
were not working as efficiently, and soap did not seem to lather well during cleaning.

In one investigation, water was boiled and left behind a white solid residue after the liquid

evaporated. In another test, water from one location left deposits while water from a different
location did not.

Students also observed that heating the water seemed to increase the amount of residue left
behind.

Scientists know that water can contain dissolved minerals such as calcium and magnesium.
When water evaporates or is heated, these minerals can be left behind as solid deposits.

Possible explanations include:

* Dissolved minerals in the water

* Evaporation leaving solids behind

» Heating causing minerals to form deposits

» Differences in water sources

*» Soap reacting with minerals

No single observation fully explains why mineral deposits form.

You are a science detective assigned to investigate this household mystery.
Your Mission

» |dentify what causes mineral deposits in water

» Analyze how dissolved substances behave

* Track how heating and evaporation affect water

» Explain why hard water leaves residue

The quality of household water systems depends on your findings.

Part 2 — Background: What Causes Hard Water?
Read the background information provided “Understanding Hard Water and Mineral Deposits”
then answer:

1. What is hard water?

2. What minerals are commonly found in hard water?

3. Why do mineral deposits form?

Part 1 — Mission Briefing & Case
Overview

Students take on the role of science
detectives and are introduced to hard
water and mineral deposits.

Part 2 - Background: Understanding
Hard Water and Mineral Deposits
Students read a short background
passage and answer guiding questions to
build foundational understanding before
analyzing evidence.



Part 3 — Evidence Log

For each Evidence Card, answer the questions below in 1-2 sentences in the chart.
1. Summarize the evidence in your own words.
2. Choose the one category that best fits each piece of evidence.

[ Cause

O pPathway
O Impact
3. What question does this evidence raise for you?

Example Evidence Log Entry
This evidence suggests a pathway because when water evaporates, the liquid water leaves as
vapor but the dissolved minerals remain behind and form solid deposits.

Evidence # Key Understanding

W 00 <N ) | s W N e

jury
o

Part 4 — Suspect List
Rank the suspects from 1 (most responsible) to 5 (least responsible).

Ranking Suspect Why You Ranked It This Way
Heating causes minerals to solidify

Soap reacting with minerals

Water contains dissolved minerals

Evaporation leaves solids behind

Differences in water sources

Part 3 — Evidence Log
Students begin examining the evidence cards and
record key information, observations, and insights in

Evidence Card 6 — Pipe Buildup

] |
Over time, pipes carrying the water showed a buildup of solid material inside.
[ ‘ Tl

Evidence Card 1 — Faucet Residue
A white, chalky substance was found on faucets after water dried

&

Detective Prompt: How might repeated exposure affect surfaces?

Evidence Card 7 — Mineral Content Test
Testing showed the hard water contained calcium and magnesium, while softer
water sources contained much lower levels.

Sample Calcium Magnesium Total Hardness (as Observation
Location (Ca**) mg/L (Mg**) mg/L CaC0; mg/L)
— — . Tap Water 40 12 150 Moderately hard
Detective Prompt: What might be left behind after water evaporates? {Urban) water
River Water 25 8 95 Slightly hard
water
Groundwater 85 30 300 Very hard water
(wWell)
Lake Water 18 6 70 Soft to slightly
hard

Part 4 — Evidence Analysis =i =
Students summarize each piece of evidence, identify
what is causing the hard water and mineral deposits,
and generate questions, building critical thinking and
reasoning skills.



contain data tables.

Students analyze each Evidence Card and
record the following in their Evidence Log
1. Summarize the evidence in their own words.
2. Determine what this evidence suggests

What causes it
Pathway
Its impact

3. Explain what question(s) this evidence raises

for them?

EVIDENCE CARDS

All Evidence Cards come In two versions -
With images and graphs and Without and can
be printed or projected as needed. Note: Both

Evidence Card 6 — Pipe Buildup
Over time, pipes carrying the water showed a buildup of solid materi
- -

L

Detective Prompt: How might repeated exposure affect

Evidence Card 7 — Mineral Content Test
Testing showed the hard water contained calcium and magnesium, while softer
water sources contained much lower levels.

Sample Calcium Magnesium Total Hardness (as Observation

Location (Ca*)mg/L | (Mg¥)mg/L |  CaCO;mg/L)
Tap Water 40 12 150 Moderately hard
(Urban) | | | water
River Water 25 8 95 Slightly hard

water
Groundwater 85 30 300 Very hard water
(Well) | |
Lake Water 18 6 70 Soft to slightly
| | hard
jlled Water |0 0 0 No minerals

Part 3 — Evidence Log
or each Evidence Card, answer the questions below in 1-2 sentences in the chart.
Summarize the evidence in your own words.

hoose the o tegory that best fits each piece of evidence.

Evidence Card 8 =R
Repeated heating o
Detective Prompt: '

is evidence raise for you?
'way because when water evaporates, the liquid water leaves as

rals remain behind and form solid deposits.
Key Understanding

10

Part 4 — Suspect List
Rank the suspects from 1 (most responsible) to 5 (least responsible).
Ranking Suspect | Why You Ranked It This Way
Heating causes minerals to solidify
[ Soap reacting with minerals
| Water contains dissolved minerals |

Evaporation leaves solids behind

Differences in water sources

Images

Graphs

Evidence Card 7 - Mineral Content Test
Testing showed the hard water contained calcium and magnesium, while softer
water sources contained much lower levels.

Sample Location | Calcium (Ca®™) | Magnesium (Mg'*) | Total Hardness (as Observation
| mg/L | mg/L | CaCO, mg/L) |

Tap Water 40 12 150 Moderately hard
| {Urban) | | water

River Water 25 8 95 Slightly hard
| | 1 | | water

Groundwater 8 30 300 Very hard water
| (Weill) | | | |

Lake Water 18 6 70 Soft to slightly
| | | | hard

Distilled Water 0 o 0 No minerals

detected

iPrompt: Why are these substances important?

Card 8 - Repeated Heating
heating of the same water increased the amount of residue left behind.
Prompt: Why would heating increase deposits?

Card 9 - Appliance Efficiency

eater using this water became less efficient over time due to buildup.
se Calcium Magnesium Scale Energy Observation
Hardness Hardness (mg/L)  Thickness Efficiency
(mg/L) (mm) (%)
80 25 0.0 100 No buildup, full
| efficiency
80 25 05 a5 Thin mineral layer
L forming
a0 25 12 90 Noticeable scale
o buildup
80 25 2.0 85 Reduced heating
| efficiency
80 25 35 78 Thick scale,
significant
inefficiency

;Prnmpt: How do deposits affect performance?

Text
Only




Part 5 — Suspect List

Students rank possible issues, defend
their choices, and determine which
suspect Is most responsible for the
problem.

Part 6 — Pathway Tracking

Students determine how hard water and
mineral deposits are created.

Part 7 — Impact Analysis

Students analyze how water hardness is
governed by everyday chemistry using
evidence from the case to support their
answers.



Part 8-10

Part 8 — The Big Question

Students synthesize all their learning to explain
the main cause of the problem in this case.
Part 9 — Claim-Evidence-Reasoning (CER)
Students write a structured scientific argument,
making a claim, supporting it with evidence, and
explaining their reasoning.

Part 10 — Reflection and Solutions

Students propose realistic actions at the
personal, school/community, and
scientific/environmental system levels, moving
from awareness to problem-solving.



Understanding Hard Water and Mineral Deposits

Water is used in many parts of everyday life. People use it for drinking, cooking, cleaning, and
heating. Even though water often looks clear and clean, it can contain dissolved substances that
are not visible. In some areas, water contains higher amounts of dissolved minerals, which can
affect how it behaves in homes and appliances. Scientists study these differences to understand
why water sometimes leaves behind residue.

Full Teacher Answer Key

Hard water is water that contains high amountse 4 minerals, especially calcium and
magnesium. These minerals coms water moves through underground.
As water travels ths small amounts of calcium and magnesium,
which rema/ er. Because these minerals are dissolved, they

Teacher Answer Key cang tin the water.
Part 2 — Background Questions '

1. What is hard water?

Hard water is water that contains high amounts of dissolved i “

magnesium. a

Jst common minerals found in hard water. These substances
e water is flowing, but they can become noticeable when the
=, when water is left on a surface or inside a container, the liquid
e dissolved minerals do not. This can lead to the formation of a white,
e on surfaces such as faucets, kettles, and pipes.

Part 5 — Pathway Tracking
Water containing dissolved calcium and magnesium -» water is heated or evaporates = liquid
water leaves as vapor —» dissolved minerals remain behind - minerals form solid deposits on
surfaces

When water evaporates or is heated, the liguid leaves but the

2. What minerals are commonly found in hard water?
form solid deposits. vineral deposits form when water is heated or evaporates. During evaporation, the liquid

Calcium and magnesium are the most common minerals in ha
water changes into a gas and leaves the surface. However, the dissolved minerals do not

3. Why do mineral deposits form?
Part 6 — Impact Analysis evaporate with the water. Instead, they remain behind and form solid deposits. Heating water

\\““

Part 3 - Evidence Log — Key Points Impact of Physical Properties : ) ) ‘ | ‘ |
Evidence # Key Understand Physical properties such as clarity and the presence of dissolved sub can also increase this process. As water is heated, it can cause dissolved minerals to come out
1 This suggests a pathway because evaporation appear clean even when it contains minerals. Because calciu of solution more easily and form solid buildup. This is why kettles, water heaters, and pipes
2 This suggests a pathway because heating caus they are not visible until the water evaporates or is heats often develop deposits over time.
remain. hard water based on appearance alone and show:
3 This suggests a pathway because dissolved sul testin . . .
evaporation & Hard water can also affect how other substances behave. For example, minerals like calcium
4 This suggests a cause because different water Impact of Chemical Propert duces the
minerals. Chemical properties explain . When Rubric Names: Date: eral buildup can
5 This suggests an impact because minerals inte water is heated or evaporates, “ead form solid Section Criteria Level 4 Level 3 Level 2 Level 1
6 This suggests an impact because buildup form deposits. These minerals can al o form bubbles. This Part2- Understanding | Answers are accurate, thorough, and Answers are accurate | Answers are partially correct | Answers are
7 This suggests a cause because calcium and ma shows that chemical interactions behave and how they are Background | of Core clearly explained using correct scientific | with clear explanations | or lack detail incomplete or fewer
i N " " I Questions Concepts vocabulary inaccurate
8 This suggests a pathway because repea.ted he used in everyday situations. Use of Evidence | Consistently uses information from the | Uses reading to support | Limited reference to reading | Does not reference his explains
S This suggests an impact because deposits redi from Reading background reading to support answers | most answers reading .
10 This suggests a cause because mineral conteni Impact on Scientific Investigation Part3- Understanding | Accurately identifies cause, pathway, or | Correctly identifies most | Identifies some categories Misidentifies most ng water in the
residue forms. Using multiple observations and tests helps scientists understand what is happening in the of Evidence impact for all evidence and clearly evidence categories correctly but explanations are | evidence or provides
system. Observing residue after evaporation, identifying mineral content, and comparing | SxXpAsina reason|ng - et Eiear g anatians; Y Incomplete: SIALR X PR natiin
diffarent water sources all provide Important evidence. Repeated testing increases confidence Use of Scientific | Consistent, precise scientific vocabulary | Appropriate scientific Limited or inconsistent Minimal scientific
- P p ) - AP . e Language vocabulary vacabulary language situations.
Part 4 - Sample Suspect Ranking because consistent results show that the deposits are caused by dissolved minerals rather than anking & Ranking is logical and fully supported Ranking is mostly logical | Ranking is partially supported | Ranking lacks I .
Ranking Suspect random factors. ation with case evidence with some evidence but reasoning is weak evidence or logical s remain
P : : support reasoning | B scientists and
1 Water co.ntams d'ssow_ed mm.erals Mmerals_ are Clearly traces accurate multi-step Shows correct pathway | Shows limited or partially Pathway is unclear or
2 Evaporation leaves solids behind Water dlsapp Part 7 pathway showing how the problem with minor gaps accurate connections inaccurate
3 Heating causes minerals to Heat speeds a aads through the body
solidify Water lea h explanation of system-level Explains most effects Partial understanding Limited
- : magnesiu correctly understanding
4 Differences in water sources Some water ¢ : - . Po— —
- - - - white solid llular impact Mostly accurate Basic or incomplete Inaccurate or missing
5 Soap reacting with minerals This affects cl remained. explanation explanation explanation
cause. with othe. all health General connection Limited connection Mo clear connection
made
demonstra ‘ ‘ _sing Clear explanation using | Basic explanation with limited | Minimal or
changes i / some evidence evidence unsupported
explanation
fﬁfi:alh.r accurate Clear but somewhat Claim present but vague Claim unclear or
>
general claim missing
levant pieces of case Some relevant evidence | Limited or weak evidence Evidence missing or
,né,used used irrelevant
rly explains how evidence supports | Reasoning mostly clear | Limited reasoning connection | No clear reasoning
claim using science concepts with minor gaps
_ / Thoughtful personal, community, and Practical solutions in Basic or incomplete solutions | Solutions missing or
’ medical/system solutions most categories unrealistic
“houghtfulness | Deep reflection with personal Clear reflection Basic response Minimal effort
7//[& Insight connection
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