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Abstract: Traditional physics labs in high school ask studetat follow step-by-step
procedure to collect data in order to confirm giydysical laws. This study proposes to let
students take up the role of scientist in physidxs| Modern physics labs can make use of
powerful mobile technologies of smartphones andoLElindstorms NXT. These devices
can be used to act as moving objects as well asaggjuisition devices. Moreover, students
are asked to find the functional relation betwebysjral variables, e.g., pendulum length
and pendulum period, by detecting patterns in expartal data. An empirical study was
done in a real high school setting and some inti@gepreliminary results were found.
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Introduction

Traditional physics lab is a step-by-step procedeagling to predictable results with no
surprises. Some traditional physics labs lack preci For example, traditional free-fall
experiment marks the position of a falling objedtva dot on a strip of paper. The precision
is quite low. Some lab needs to make assumptianeXample, in a pendulum experiment,
a student takes the total time of 10 cycles and/elérthe average period by dividing the
total time by 10, thus assuming the periods arale@ut they do not know how constant the
period is. Moreover, they do not see the curveanfrtonic motion with damping. In short,
in traditional labs, students are asked to confjimen scientific laws with experimental
data.

Our study takes an approach similar to the Thih&els Inquiry Curriculum (White
and Federiksen, 2000), which follows the scientifiethod in the following steps: (1)
guestion---students are asked to think the funatioglationship between the period P of a
pendulum and the length L of the pendulum; (2) hiypsize---students produces a new
term by combining old terms such as P/L; (3) ingade---students carry out physics
experiments using different lengths of pendulum fand out the average period for each
length; (4) analyze---students study the dataafidL and try to find out their relationship;
(5) model---students express P as a function of ike la scientific law; (6)
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evaluate---students can do another experiment asimayel length and check the predicted
period using the hypothetical model against thesmesl period. The novelty of our study
is the use of a mobile device (smartphone and Na§Tan object in the experiment and a
data acquisition tool (e.g., Peters, 2010; WogtuhK, 2012).

This article proposes to turn physics labs aranradway such that students can take up
the role of a scientist (Figure 1). This can beieadgd by using modern technology in
acquiring high-precision data and finding pattemthese data to rediscover scientific laws
(bottom-left of Fig. 1). Obtaining high-precisioatd is possible with low-cost equipment
such as smartphones and Lego Mindstorms NXT (bettght of Fig. 1). After numerical
data are acquired in experiments, students caskagldo find out an algebraic relationship
between variables (representing physics featuref) & computer-assisted strategy
(top-right of Fig. 1). The environment is desigrieabsed on previous studies of InduLab
(central component of Fig. 1, Wu et al.,, 2006) Tisishe stage of pattern finding and
hypothesis generation. For the students doing tladse their skills of scientific discovery
can be enhanced (all corner components of Fig. 1).

Domain-general Function-finding
rule discovery tasks

— 3

Rediscovery of Smartphone +
laws of motions Lego brick

Figure 1: Components of a modern physics labordtarteaching

Research Method

A class of 36 seventh grade students in a highadah&entral Taiwan was chosen to do the
experiment of physical pendulum for four weeks hvivo fifty-minute sessions per week.
They were divided into six groups randomly. In fingt week, the researcher lectured on the
objective and detailed steps of how to run thiseexpent. In the second week, three of the
six groups did the experiment with Android phonédslevthe other three groups used NXTs
to acquire angle data with different lengths ofghdom. For each length of the pendulum,
they measured the period of the pendulum for at teosperiods and averaged them. Then
they recorded the lengths of the pendulum and dheegponding periods in a table. In the
third week, the first three groups did the sameeerpent with NXT while the other groups
used Android phones. In the fourth week, they @itigun finding and hypothesis generation
for the Android experiment and for the NXT experithe

Table 1 shows the sequence of variables propogedé student. The student might
have detected the pattern of decreasing T/L faessing T. If so, T*T/L was a reasonable
variable to try next. For the pattern finding angpdthesis generation part, 5 of the 35
students using smartphone data had once genehatéarget variable of TA2/L or L/T"2; 5
of the 34 students using NXT data had once gertethtetarget variable.
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Table 1. Sequence of variables proposed by onerstud

L(m) T(s) T/L (TA2)/L (100TA2)/L (100TA2-4L)/L

0.27 1.03 3.81 3.92 392.92 388.92

0.31 1.10 3.54 3.90 390.32 386.32

0.37 1.20 3.24 3.89 389.18 385.18

0.45 1.30 2.88 3.75 375.55 371.50
Conclusion

Traditional physics labs in high school ask studént follow step-by-step procedure to
collect quantitative data that fits a given physieav. Sometimes the precision of some
measurement instrument is not of high quality aold lassumptions have to be made. We
propose to transform the physics labs so that stadmn acquire data with high precision
and find patterns in the data in order to rediscgbgsical laws. Data acquisition with high
precision is achieved with modern mobile deviceSmdroid phones and Lego Mindstorms
NXT. Pattern finding and law rediscovery are achgkby a computer-assisted strategy of
pursuit to produce new algebraic variable from @xgsones. A few experiments were
designed by the researchers and run by high sshaaénts in physics labs. One experiment
was to find the relationship between the lengthaophysical pendulum (of NXT or
smartphone) and the period of the pendulum.

Results indicated that the acquired data wereigth kuality and the period of a
physical pendulum remained almost constant wherpémelulum swings. For the part of
pattern finding and law rediscovery, about 14% tofdents proposed the targeted law
among many others. Most students needed more rtgaini doing this type of pattern
finding, which is an important skill in scientiftiscovery. Comments from some students
said that they were excited to use modern mobdlertelogy in physics labs.
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