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Abstract

This study aimed to analyze types of uncertainty appearing in elementary school students’ measurement
activities and their uncertainty reduction behaviors. There were six types of uncertainty causes appearing in
elementary school students’ measurement activities, ‘Measurement Tool’, ‘Measurement Subject’,
‘Measurement  Process’, ‘Operator’s  Skill’, ‘Sample-related Problem’ and ‘Environment’. As for
‘Measurement Subject’, there were many cases that elementary school students came to be uncertain about
their measurement values, especially when measurement subjects were organisms moving or irregular in
shape. Their uncertainty reduction behaviors in measurement activities can be divided into 6 different types,
‘developing measurement tools’, ‘clarifying the measurement area by the movement and shape of
measurement subjects’, ‘designing and preparation in advance of measurement’, ‘learning to use
measurement tools’, ‘selecting samples’ and ‘creating an environment’. Out of these types, ‘clarifying the
measurement area by the movement and shape of measurement subjects’ was the most uncertainty reduction
behavior in frequency. When analyzing relations between uncertainty causes and uncertainty reduction
behaviors, this study found out that some learned to use measurement tools or even developed measurement
tools in the aspect of measurement tool-related causes, while others solved uncertainty by clarifying the
measurement area and measuring multiple subjects or the entire group in the aspect of measurement
subject-related causes.
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<Table 1> Elementary School Students’ Measurement
Activities

Measurement Tools: Steel tape measure,
measure and electronic scale

Related Materials: Styrofoam, OHP film, plastic
cover, thread and string, etc.

Organism: Things moving (earthworm, snail),
things not moving (egg, dried anchovy, plants)/
things regular and irregular in shape
Method: Measuring width, height,
length, weight

Questions and Instructions

1. What tool would you use when measuring this
organism in length?

2. Measure each organism in length and weight.

3. Explain on the worksheet how you measured

plastic

circumference,

each organism .

4. Are you sure that the value measured is the
very quantitative value of the organism? (Yes/No)
5. What the biggest difficulty when
measuring this organism?

6. How did you overcome the difficulty?
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<Table 2> Causes of Uncertainty (Bell, 1999)

. 917 At U =0l

Types Details

Measur Likely to experience such problems as 1. 28AIMO| 20| BEAM Z1}

ement deviated tools, worn-out changes, abrasion

Tool and other variations, low readability, Z5SEY =4 oA JEeld EEAA
noise (in case of electronic tools) o] ¢o1S BEAF Ay <Table 3>3 2T} =
The subject to measure may be unstable o] M Bl A
3 9lole z o o Z 0] &
Measur  (Imagine when you measure the size of sgsl el EEAd AdE Ao a3
. . . (= ’ = =

ement an ice cube in a warm room), especially 54 ddel 9% =gd4d9 4l O] 143]7}

Subject when dealing with objects moving or 7bd Wy anks o <2ARe] T4, %Fg
irregular in shape T NR g BAS =4 1140 )y 2=
Measurement itself may be difficult. For R ’ LL TeovEe ’ =

1]
example, it is difficult to make animals O 2 HERRLT

Measur  cooperative especially when they are ) .

ement  small and lively. <Table 3> Results of Analyzing Uncertainty Causes

Process Designing and preparation in advance of Frequ
measurement may affect the measurement Types Details ency
results Measurement ~ Difficulty in selecting tools
Some measurements depend on operators’ . 11

. . Tool Readability of tools
skills and judgements. Some are better - -
at measuring things in detail or reading Measurhement Organisms moving 14
minute things with the naked eye than Subject Irregular shapes

Operato . .. .

R others.  Using a sensitive tool like a Progress at each measurement
r's . . Measurement
. stopwatch may result in different phase 7
Skill . Process : -
outcomes, depending on the response Measurement point of time
time of each operator. (Main mistakes are , (Length) Tool-operating skills
another problem since they are not Opgrljtl(l)r s (Weight) Electronic  scale 12
considered as a cause of uncertainty.) ! correction
The measurement you are about to take Differences by size despite
now should have a representative nature Sample-relat _the same kinds of animals o
of the process of evaluation. If you ed Problem Differences by type  of

Sample want to know the temperature of your observation - partial observation

-related  worktable, do not place the thermometer Effect of living things’

Problem near the air conditioner. When collecting i temperature and humidity .
samples from a production line for nvironment Stability of measurement
measurement, do not select the first 10 places
products produced on Monday morning. Total 58

Environ Other conditions such as temperature,

ment atmospheric pressure and humi.dity may z2x gy fEHgE 24 53 299 7
have effect on measurement subjects. _ _
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<Table 4> Uncertainty Reduction Behaviors

Jo] ole] gk
67HAZ 32

Uncertainty
. . Frequ
Reduction Details enc
Behaviors Y
. Using Styrofoam
Developing g Styr
(polystyrene) grooves
measurement - - 8
Developing flexible
tools
measurement tools
Clarifying the
measurement
area by the .
Y Measuring the area to
movement measure on repeat 13
and shape of P
measurement
subjects
Planning and Designing a measurement
preparation ~ method before actual
in advance = measurement 6
of . .
Setting measurement time
measurement
Learning to ~ Mishandling of
use measurement tools 6
measurement .
Revising zero
tools
Observing multiple subjects
to get a representative
value
Selecting Observing the entire 7
samples organism group to
understand the general
characteristics of a certain
organism
Measuring in the same
environment of temperature
Creati and humidity
reating an . -
. g Using flat experiment stands 3
environment ’
Removing obstacles from
the surrounding
environment
Total 43
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