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Abstract:

Literature in science education has shown that students encounter many
difficulties in understanding the causes of seasons. Incorrect explanations
are often due to a lack of knowledge about the physical mechanisms
underlying this phenomenon. To address this issue, we present in this
paper a module in which the students are engaged in quantitative
measurements with a photovoltaic panel to explain changes of the Sunrays
flow on Earth's surface over the year. The activities provide also examples
of energy transfers between the incoming radiation and the environment to
introduce basic features of Earth climate. The module has been evaluated
with 45 secondary school students (17-18 years old) using a pre-post test
research design. Analysis of students’ learning outcomes supports the
effectiveness of the proposed activities.
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Quantitative experiments to address change of seaso

1 Introduction

Previous research studies have shown that studentsunter many difficulties in understanding
the causes of seasons (e.g., Atwood & Atwood, 18a&ter, 1989; Sharp, 1996; Trumper, 2000;
Nazé & Fontaine, 2014). Most common incorrect exalmns range from the naive idea that when
the Earth is closer to Sun it is summer, to monehsiicated, but still incorrect, ideas that the
Earth’s axis flips back and forth during the motamound the Sun. Other studies have shown that
simple qualitative activities are often not effgetin addressing the students’ intuitive ideasesinc
the physical mechanisms behind this phenomenonimeafgen hidden (see reviews by Bailey &
Slater, 2004; Lelliott & Rollnick, 2010). To addgethis issue we present in this paper a module in
which the students are engaged in quantitative mneasents to investigate the factors underlying
the change of seasons.

2 Issues in the teaching of the change of seasons

At a qualitative level, seasonal changes are duedomain factors: the inclination of the Earth’s
axis with respect to the orbit's plane and the hatian of the Earth around the Sun. At a more
quantitative level, the tilt of the Earth’'s axisdathe different positions of the Earth result in a
different sunrays flow on Earth surface duringykar. Actually, students find difficult to relateet
“energy” received by the Earth and the differemidibions under which Solar light hits the Earth’s
surface (Galili and Lavrik, 1998). To give studeatbasic idea of the main physical mechanism
underlying the cause of seasons, our module foouses/o key ideas: radiation flow and energy
transfers. First, the proposed activities help shadents derive the mathematical relationships
between the flow across a surface and: (i) theeabgtween the normal to the surface and the
direction of the incident radiation (“cosine” law}i) the distance between the surface and a point-
like source (“inverse square distance” law). Thesioe” law is a model of how sunrays flow varies
at a fixed time of the year over the entire Eatttiage leaning towards the Sun; and at a fixedeplac
on the surface as the Earth completes its revalround the Sun. Similarly, the “inverse square
distance” law is a model of the variations of sysrlow as the distance between the Earth and the
Sun changes. Comparing the predictions of the twdals, one easily obtains that the tilt of the
Earth’'s axis is predominant with respect to the Ibraacentricity of the Earth’s orbit in the
explanation of the change of seasons. Second,dingtias provide the students with evidence
about the relevance of further factors that affegiven region climate. The aim is to discuss the
influence of the length of the day and to elicie ttole of water and soil on the environment
temperature. In such a way, students are guidadderstand that, in principle, both the duration of
exposition to the incident radiation and energydfars between the incoming radiation and the
environment affect the temperature of a given iocabn Earth. Given the complexity of the topic,
however, we aimed at simply showing that the eném@ysfer mainly depends on the environment
composition. We hence propose an activity focusethe measurement of the specific heat of the
sand relative to water. In such a way, students jotify how the presence of water contributes to
the environment temperature with respect to ontglsa soil.

3 Activities of the module “Cause of seasons”

The module is divided into four activities, desedhin the following paragraphs. Table 1 reports an
overview of the module.

3.1 Introductory activity

In this activity the students, in small groups, firgt asked to define what is a season and identif
the main factors underlying change of seasons. ,Tthenstudents are asked to design a simple
experiment, using a list of available materialsshtmw the role of the identified factors on the
change of seasons. The aim is to investigate whétkestudents relate the identified factors with
physical quantities that can be measured. Theigcends with a class discussion in which the
students are guided to select two main factorsséaisonal change, namely the inclination of the
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Earth’'s axis and the distance between Earth andStire Moreover, the students are asked to
indicate the effects of the absence of the idetifactors. The sunrays radiation flow is introdlice
as a quantity which is measurable by means ofté ignsor and that can change according to how
the radiation impinges on the given surface anubiw far the light source is placed with respect to
the surface.

Table 1: Overview of the module “Cause of seasons”

Activity z—r:rgfrs) What students do Intended objectives Teaching materials
1 2 Discuss about the possible To elicit students’ ideas ~ Worksheet 1 “Why we
factors underlying the cause of about change of seasons. experience different
seasons. To reinforce students’ seasons?”
Design an experiment to show skills in choosing control
the relevance of the identified variables in experiments.
factors.
2 3 Measure the output power of a To introduce the cosine  Worksheet 2:“How
photovoltaic panel iluminated and inverse square laws of the Earth’s axis
by an incandescent lamp when the incident radiation flow inclination and the
changing the source-panel on a surface. distance between the
distance and the inclination of To reinforce students’ Earth and Sun affect
the panel with respect to the  skills in dealing with seasons’ change?”
direction of the incoming experimental data fitting
radiation. procedures.
3 2 Estimate the solar radiation To exploit mathematical =~ Worksheet 3:“Who
flow at different locations of models to interpret influences most
the Earth at a fixed time of the experimental evidences. between distance and
year and at a fixed location of axis inclination?”
the Earth over the year using
the models constructed in the
previous activity.
Estimate the radiation flow at
perihelion and aphelion.
4 3 Measure the specific heat of theTo relate the temperature Worksheet 4:“Why

sand. of a location with the heat the sand burns during
Discuss about the role of the transfers between radiation summer?”
environment on the temperatureand the environment.

of a given location on Earth’s

surface.

3.2 Experimental activity about the radiation flow

In this core activity of the module, the studentmmfitatively investigate the dependence of the
radiation flow on the inclination between the nokttathe incidence surface and the direction of

the incident radiation. To this aim, the studeimtsmall groups, are given a photovoltaic paaeld

an incandescent light bulb (a laboratory “Sun”) anel asked to measure the output voltage of the
panel as its inclination with respect to a givefemence system and its distance from the source
change and to calculate the corresponding powsipdited on the panel’'s load (Fig. 1a and 1b).

The relationships between the radiation flow arel ¢bsine of the incident angle and the inverse
square distance (equations (1) and (2)) are thpargwentally derived by each group by means of

a linear fit. In equation (1), the “cosine” lal, is the power received by the panel when the angle

6 between the normal to the surface panel and iteetobn of the incident radiation is 0. In
equation (2), the “inverse square distance” lavg a dimensional constant that takes into account
the geometry of the sensible area of the panelthadpower emitted by the source. Typical
experimental curves are shown in fig. 2 and 3.

! During the activity, the panel has been introdumestudents as a constant current generator. iareihat
the output power was proportional to the incomimg dlinearity interval), resistors of resistancenir0.9
k@2to 0.1kQhave been used by the students as loads of thé pane
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26 (a) (b)

27 Figure 1. experimental setting used for the measuremernheflight flow on a solar
28 panel according to (a) the incident angle, (b) distance between the source and the
29 panel. When the panel is perpendicular to the tdbkangle between the normal to the
30 panel and the direction of incident radiation is Bart of the panel surface was covered
31 to meet the requirements for obtaining a radiafiow as similar as possible to that
32 described by equations (1) and (2). The sensitde af the panel is about 200 %rthe

33 distance between the light lamp and the centeneptnel ranges from 120 to 310 cm.

37 us

Fit lineare per: Set dati | Power

P =mx+b
38 m (Pendenza): 6,526 +/- 0,04828

b (Intercetta Y): 0,3792 +/- 0,03680 pW
39 6 Calibrazione corrente:0,9997

Deviazione standard (RMSE): 0,04969 yW

N
w
Power (uW)

ES

0,0 0,2 0,4 0,6 0,8 1,0
52 Cos(Angle)

53 Figure 2. Output power of the panel lighted by a 100W imtestent lamp vs. inclination
54 between the normal to the panel and the directibrthe radiation. The fit gives:

25 P(8) = mcos(#)+ b, m=(6.53+ 0.0§ W ;p=( 0.3& 0.04uW. The slope represents
the output power when the normal to the panel serfa parallel to the direction of the

incident radiation, whereas the intercéptepresents the background radiation, ideally
equal to 0.
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za): 7,895E+004 +/- 1338 pWicm-2
b (Ints a Y): 0,03302 +/- 0,06584 pW
rrente:0

nte:0,9984
standard (RMSE): 0,07540 yW

Power (uW)

0,00001 0,00003 0,00005
Inverse Squared Distance (cm2)

Figure 3. Output power of the panel lighted by a 100W inesugnt lamp vs. the
distance between the centre of the panel and radiasource. The fit gives:

p(D)=§+b with m=(7.90+ 0.134Wnf ;b=( 0.0% 0.0guW. Here the slope

represents the output power when the source is distance D =1 mfrom the panel,
whereas the interceptrepresents the background radiation, ideally etpu@l

3.3 Modelling activity
Starting from equations (1) and (2) the studertsasked to evaluate the incident radiation flow at
a fixed time for five climatic zones: tropics, Equa polar circles. They use the following equation

1218 code) o

,)  cod(é,)

where 8,,and &, are the angles formed by the direction of therswldiation with the normal to the

incident surface at the chosen locations at twaipetimes of the year: winter and summer
solstices (tropics and Equator), summer/wintertegls and autumn/spring equinoxes (Arctic and
Antarctic circle), respectively.

Hence, using the model of the distance, the stsdar¢ asked to calculate the normalized
difference for a generic place on Earth:

2
1- P( DApheIion) — 1_{ Dperihelionj 4)
P( DPeriheIion) D

Aphelion

and to compare the result with that obtained ferfthe locations of the Earth from equation (3).

Using equation (4), it is easy to show that thdedince due to the change of the distance,
independently on the location on the Earth’s s@faould be at maximum 6.5%, which is much

less than the differences obtained from (3) (sebleT&@-4). In such a way, the distance

misconception can be quantitatively addressed.athigity then features a final class discussion to
strengthen the students’ understanding of theioakstips between the changing radiation flow and
the motion of the Earth along the orbit and thestamt direction in space of the axis.
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Table 2Normalized power received at the tropics and Equat&ummer and
Winter solstices at a fixed time. See equatiorf@Bjhe calculations

Geographic Zone Summer Solstice Winter Solstice % Difference
Cancer tropic 1,00 0,68 32%
Equator 0,92 0,92 0%
Capricorn tropic 0,68 1,00 32%

Table 3.Normalized power received at the polar circleswah®er (Arctic) and
Winter (Antarctic) Solstices and Spring/Autumn etpxes at a fixed time. See
equation (3) for the calculations

Geographic Zone Solstices Equinoxes % Difference

Polar circles 0,73 0,40 55%

Table 4 Normalized power received at a generic locationEanth using aphelion
and perihelion distances as the maximum and minirdistances from the sun at a
fixed time. See equation (4) for the calculations

Geographic Zone Maximum Distance Minimum Distance % Difference

Generic 0,93 1,00 6,5%

3.4 Specific heat activity

In the fourth, and final activity, the students ggded to elicit their ideas about why Earth’s
locations at only slightly different latitudes had#éferent average temperatures during the year (a
typical Earth map is given to the students). A basodel of thermal interaction is then proposed,
focusing in particular on the role of specific hedtinvolved substances. An experiment that
students can design and perform involves the tHeimeraction between water and a substance
with unknown specific heat. For this activity weoske sea sand in order to recall students’
experience with the fact that during summer thetakas much longer than the sand to become hot.

After heating at temperatufg, _,..a massm, ., of water (specific heat, .., =1 cal g™*°C*), the
students measure the equilibrium temperaftfy@hen the water mass is mixed with a mass of
<T,

iwater *

ater

sandm,,,(of unknown specific heat,

ang)s INItially at temperaturerT;
the equilibrium relationship:

isand

Hence, using

Csand - m/vater (Tiwater - Te)
CWater msand( Te_ Tisan

they can estimate the ratigend , which should be around 0.3 - 6@ able 5).
C

‘water

(5)

Table 5. Estimation of the specific heat of the sand. Seeaton (5) for the

calculations
Initial Equilibrium  Specific heat of sand

Water Sand temperature Initial temperature  temperature relative to water
mass (g) mass (g) of water (°C) of sand (°C) (°C) (cal/ g °C)

250 150 52,0 21,0 46,6 0,35

190 150 53,0 21,0 45,0 0,44

175 150 50,0 20,0 43,4 0,33

150 150 54,0 21,0 45,0 0,38

220 150 55,0 21,0 48,2 0,37

% Teachers can find a table of common substancesfisgeeat at
http://www.engineeringtoolbox.com/specific-heat-aeipy-d_391.html
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A typical value of the specific heat of sand refatio water found by students 37+ 0.0¢,
which is in agreement with the expected value fay/sand and wet soll.

4 Implementation and evaluation of the module

In the following, we give a brief summary of thergae, the used instrument and students’ learning
outcomes.

4.1 Sample

The module was implemented with 45 secondary schumlents (two fifth classes, 17-18 years
old) in two South Italy school contexts, for a dioma of 12 hours for each implementation. The
classes had already addressed some astronomicaptsrin their Earth Science school curriculum,
including seasons. However, given the differennabé programs of Physics and Sciences subjects
(taught by different teachers), astronomical cotegpe usually addressed only at a qualitative
level without any reference to the underlying pbgsiTherefore, we chose such sample since we
wanted to investigate if the module’s experimeatdivities could improve students’ understanding
of the addressed concepts.

4.2 Instrument

To investigate students’ understanding of the sedsthange, a pre-post test design was adopted.
This choice was aimed at investigating the extenwliich the modules’ activities could improve
the students’ conceptual understanding of the topicwritten questionnaire (see Appendix)
featuring four items about the relevant concepthefmodule was submitted to the sample before
and after the activities. Each item featured a ti@ostructure: three true/false statements and one
multiple choice question. The true/false statementgerned basic facts that the students should
know to answer the multiple choice question. Thdtiple choice questions featured a correct
statement and three incorrect statements baserkwiops research studies on students’ ideas about
cause of seasons (Trumper, 2000). For each camsuter to the true/false statement a score of 0.5
was given, while for a correct answer to a multigh®ice question 1 point was given, so that the
maximum possible score was 10. The concepts addrésseach of the questionnaire items were
related to the factors underlying the cause of@eadiscussed during the activities, namely: @) th
motion of the Earth around the sun; (ii) the ination of the Earth’s axis; (iii) its constant ditiea

in space; and (iv) the influence of the environmamthe temperature at a given location. Table 6
summarizes the items of the questionnaire.

Table 6: Description of the items of the questionnaire

Questionnaire ltem  Factor addressed

1 The varying position of the Earth on its orbit cagis variation in the inclination
of the sunrays on Earth’s surface.

2 Temperature at a given location is influenced byirenment and by the sunrays
inclination and length of day.

3 Revolution around the Sun of the Earth and thetfatt axis tilt causes a variation
of the sunrays inclination on Earth’s surface.

4 Since the Earth’s axis always points in the samection, during the motion
around the sun, the sunrays have different inétinain Earth’s surface during the
year.

4.3 Results

Thirty-four students completed both pre- and pest:tOverall, the average score in the pre-test
was 5.6 £ 1.5 (st.dev.), while in the post testas 9.2 + 0.9 (st.dev.). The average normalized gai
(Hake, 1998) was 79.3%, which suggests a largectefdé module activities on students’
conceptions. Differences in the average score lestyee- and post-test are statistically significant



Page 7 of 9

©CoO~NOUTA,WNPE

CONFIDENTIAL - FOR REVIEW ONLY draft

(t = -11. 956, df = 33; p < 1d). The distribution of students’ correct answershi four item%in
the pre- and post-test is shown in fig. 4.

% of correctanswers

M Post-Test M Pre-Test

Item

0% 20% 40% 60% 80% 100%

Figure 4. Distribution of students’ correct answers for thar items in the pre- and
post-test written questionnaire. Refer to TablerGtems’ description.

In the pre-test, students found difficulties esplégiin recognizing the role of the constant direat

in space of the Earth’s axis on the change of ssaf&% of correct answers) and in explaining the
role of the environment on the temperature at argiocation on the Earth (about 12% of correct
answers). The tilt of the axis and revolutionarytio around the Sun seem the two factors the
students were most familiar with for explaining tause of seasons (about 20% of correct answers
in the corresponding items). However, despite thdents in the sample had already addressed the
topic in their Earth Science school curriculum, #aeying distance between the Sun and the Earth
and the changing direction of the Earth’s axis gy@érin about 40% of the answers as possible
factors for the change of seasons. Surprisingly,idiea that the axis of Earth changes direction in
space during the orbital motion emerged in abolt BOthe answers.

In the post-test, the students improved their perémce in all items, especially in the fourth one
(about 80% of correct answers). Such evidence stgdleat activities’ focus on the relationships
between the constant direction in space of thehEagxis and the changing radiation flow on
Earth’s surface helped the students to abandore maasoning schemes about the cause of seasons
centred on the distance misconception and on ath€axis which changes its direction in the
space. Moreover, the emphasis on the thermal #emsh the fourth activity seems to have
increased students’ understanding about the bastork that affect the climate of a region.

5 Conclusions

Students’ difficulties in giving correct explanai® of the cause of seasons have been widely
studied in science education (Sneider, Bar and Kagfa, 2011). To address such difficulties,
researchers in physics education have proposedietyaf qualitative teaching approaches to
address such inaccurate explanations (Hughes, 2@L@ukdzer, 2008; Ruangsuwan &
Arayathanitkul, 2009; Starakis & Halkia, 2014).tlms paper, we propose an innovative module
where students are gradually introduced to thechatsysics concepts underlying seasons’ change
through simple but quantitative experiments. Theduhe features also modelling activities to let
students construct an interpretation mechanisnttfeir every day experience with the seasons
phenomenon. Such activities differ from those psggbin previous studies in that the physical
quantities influencing the change of the seasonamely, radiation flow (power per surface unit)

3 An answer to an item has been considered corfeittei score was the maximum for both true/false
questions and multiple choice question
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and energy transfers between radiation and envieohmr are quantitatively measured by the
students in simplified situations and then useddostruct the models that account for the well
known evidences related to the seasons. The casithénverse square distance laws are used to
show that the effect of the tilt of the axis is @ than that of the change of the Earth — Sun
distance on the radiation flow changes. Partic@aphasis is put on involving students in
discussions, since the beginning, about what cbafipen if the axis of the Earth was not inclined
but perpendicular to the orbit and if the distabeeveen Earth and Sun would be constant. In the
same way, the specific heat of the sand with rédpegater is used to interpret basic aspectsef th
energy transfer between the radiation and the anbss (soil, water, rocks) present in the
environment in the Earth’s regions.

Overall, the results of the pre- and post-test tpmsaires are encouraging and support the
effectiveness of the proposed activities. In palér the distance misconception and the naive idea
that the Earth’s axis may change direction in sp@m to have been successfully addressed. We
plan to improve the module by strengthening thalfactivity on climate factors including some
more experiments on the interaction between the@mwment and solar radiation.
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Appendix — Questionnaire used in the study

la.Indicate for each of the following sentences étlare true or false

The sun produces more energy in summer than irewint T F
The energy absorbed by a surface illuminated by aght source is maximum when the T E
light strikes the surface perpendicularly

The incidence of solar radiation on the earth's suface varies throughout the year T F

1b. The main reason for which the summer and wirterrate is (please indicate the correct one)
i. The distance between Earth and Sun during thegrearges and hence also the incidence on Earth
surface of the solar rays varies
ii. The inclination of the Earth’ s axis with respeazthe orbit plane changes during the year and hence
also the incidence on Earth surface of the sola varies
iii. The direction of the Earth’s axis in space charygtg the year, and hence also the incidence on
Earth surface of the solar rays varies
iv. The position of the Earth on the orbit changes anttence also the incidence on Earth surface of
the solar rays varies
2a. Indicate for each of the following sentences étlare true or false
The Earth surface absorbs energy from the sun T F
The temperature of a location on Earth depends orhe energy transfers with the T =
environment
The energy absorbed at a location on Earth depmmtise depth of the atmosphere T F
2b. Which is the reason for which in Italy during suemit is hotter than in the winter? (please indidde
correct one)
i. During summer the Earth is closer to the Sun aedifty is longer than in winter
ii. During summer, the inclination of the Earth’s aigsishanged
iii. During summer the solar rays are less inclined anthe day is longer
iv. During summer the Sun produces more energy
3a. Indicate for each of the following sentences éttare true or false

The axis of rotation of the Earth precedes durirgytear T F
The axis of rotation of the Earth is inclined withrespect to the orbit plane T F
The axis of rotation of the Earth during the year iemains parallel to itself T F
3b. Some students answer to a question with the foligwientences. Who is right? (please indicate the

correct one)
i. The variation of the incidence of the solar raygtenEarth surface during the year is due to the
revolution of the Earth around the Sun and theatiam of the Earth-Sun distance
ii. The variation of the incidence of the solar rays otthe Earth surface during the year is due to
the revolution of the Earth around the Sun and thanclination of the Earth’s axis with respect
to the orbit plane
iii. The variation of the incidence of the solar raygtenEarth surface during the year is due to the
inclination of the Earth axis with respect to thibibplane and to its oscillation
iv. The variation of the incidence of the solar raysl@nEarth surface during the year is due to
variation of the Earth — Sun distance and to tetfzat the axis of rotation of the Earth is norreal
the plane of the orbit
4a. Indicate for each of the following sentences étlare true or false

The motion of the Earth around the Sun is a periodi motion around a closed orbit T F
The orbit of the Earth around the Sun is an higlgentric ellipse T F
The periodicity of the seasons is related to the velutionary motion of the Earth T =

around the Sun
4b. Which of the following sentences better explahes phenomenon of the different seasons? (please
indicate the correct one)
i.  During the revolutionary motion the Earth-Sun distachanges and, hence, in a given location the
solar rays have not always the same incidenceeautface
ii. During the revolutionary motion the Earth axis ofpasdirection and, hence, in a given location the
solar rays have not always the same incidenceeautface
iii. During the revolutionary motion the Earth axis remains parallel to itself and, hence, in a given
location the solar rays have not always the sameditlence on the surface
iv. During the revolutionary motion the Earth axis iways perpendicular to the orbit plane and hence,
in a given location the solar rays have not alwgssame incidence on the surface

4 Correct answers are indicated in bold face



