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Abstract

Assessing students’ conceptions is an importantga® in classroom learning. To assess
students’ conceptions, we can use various methimdsinstance, interviews, open-ended
guestions, multiple-choice questions, etc. Difféererethods have different advantages and
disadvantages. The multiple-choice test is an asw® technique frequently used in
measuring students’ conceptions because it is coeneto analyze and it is more affordable
for testing a large number of students. Traditigndbr a multiple-choice test, different test
guestions measure different concepts, so studemds/est each question independently.
However, many research studies showed that a Istuaents lacked of consistency of using
their own conceptions, meaning that they answeerséyuestions testing the same concept
differently from one another. This suggests thatdlshts do not really understand the concept.
It is important for teachers to assess studentssistency in using their own conceptions in
order to achieve learning goals. But, how can wehad? In this paper, we present various
methods used in measuring the consistency of stsidennceptions. We also present
examples of measuring the consistency of studeatstceptions as well as the results from
our studies. Implications for classroom using @&iio be presented.
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Introduction

During the last three decades science educators tewealed that a lot of students have
difficulty in conceptual understandings which areportant for them to understand the
subject at advanced levels. Many research stu@es feported that students’ responses to a
series of questions testing the same idea are ordistent (e.g. Clough & Driver, 1986;
Finegold & Gorsky, 1991; Palmer, 1992). These swdindicated that students’
understandings of a concept in different contexes different from one another. These
findings also suggested that students do not realtierstand the concept.

In this paper, some useful methods generally usetheéasuring consistency of students’
conceptions will be presented. Examples of findifigsn using these methods will be
explained. Implications for classroom practice w&io be provided.

Purposes of the study

1. To introduce some useful methods for measuringtmsistency of students’
conceptions — counting and categorizing, and Madalysis.
2. Toinvestigate the usefulness of these methods.

Consistency of Student conception

Consistency of students’ conceptions in this papeeferred to the idea that “a student is
considered to have a consistent conception onheibr she answers two or more different
guestions testing the same concept correctly, adfhdhese questions have different contexts.
But, if the student answers these questions diffgrefrom one another, he or she is



considered to have an inconsistent conception”. gdneral, the consistency of students’
conceptions can be revealed by using various msthBdrhaps, interviews could be an
effective technique, but it is time consuming tosig especially with a large classroom. An
affordable method that could be used in measuhiagbnsistency of students’ conceptions is
to look into students’ responses to multiple chajoestions. There are a few methods which
are usually used in analyzing students’ resporsesultiple choice questions. In this paper
two methods; counting and categorizing, and Modalysis, are presented.

Methods for measuring the consistency of student noeption
1. Counting and categorizing
This technique effectively makes the idealizatioat teach student either:

(1) understands the concept completely (i.e. holdetti®dox conception);

(2) holds some other alternative conception; or

(3) does not understand at all, but seems to be gugetbgranswers.
Each of these is characterized by a specific patiEresponses to the survey questions. If any
one student can be unambiguously put into oneesfethhree classifications, on the basis of
his/her pattern of answers, he/she might then heidered to be using their understanding
completely consistently.

Palmer (1993) used eight multiple-choice questitesting the same concept, but in
different contexts. He categorized whether studergee using the correct concept or the
predominant alternative conception “motion-implfesse”. He then counted the number of
students who used the correct conception on dit ggestions, or seven questions and so on,
while the number of students who invoked “motiorplias-force” were also counted on all
eight questions, or seven questions and so on.r&helting table then illustrated how
consistently students used either the correct gitiwce or the predominant alternative
conception. Licht and Thijs (1990) used a similchinique in two topic areas, force and
electricity, allowing for several alternative coptiens depending on the contexts of the
guestions. This method was used in analyzing otar. ddne finding from using this technique
will be presented in the next section.

2. Model analysis

This approach is based on the idea that when @rstwhswers one of the questions on the
test, they draw upon a knowledge schema or conalepindel. In many cases it is possible to
identify which models students are using when thagwer individual questions. Model
Analysis does not concentrate on whether a studastver is correct or not; it is only
interested in which model they are using. A brie$atiption of Model Analysis is provided
here. (For more details see: Bao & Redish, 2006)

It often happens that students’ responses to af sptestions testing the same concept can be
categorized into three distinct groups: (1) thaspleying the scientifically accepted model,
(2) those employing some commonly held alternatioelel and (3) those using no structured
model, or just guessing. Consider a set of mukigbleice questions (total numbe), where
each choice of each question can be assigned t@roather of these three “models”. The
response of any one student to the set of questembe specified by a set of three numbers,
which can be written as
k k k

nl ’ n2 ’ n3
wherek is an index denoting which student it is (out abtl numbem). Clearly, assuming
that the student answered all questions in the set,

NS+ N5 +ns =m.

By way of interpretation, ifn =m and ni =nf =0, the K' student has answered all
questions using the scientifically accepted conoapfmodel 1). Likewise ifng =m, that

student has used model 2 (the commonly held atigenaonception). And ian'f =m, the



student seems not to have used any structured imeotkel at all (model 3). But at least, in
each of these examples, the student has answensstemtly. On the other hand, if any two
of these numbers are non-zero, the student hasb@&en consistent. For instance, if

nf ><n§ #0, the student is demonstrating confusion betweedetsol and 2, sometimes
using one and sometimes the other.

A difficulty faced by many workers in this field t® find a representation to display these
data in such a way that the interpretations desdrdbove are easy to see. The representation
proposed by Bao (1999) borrows from the formalisimQmantum Statistical Mechanics.

Using the three numbers;, n;, n, it constructs a3x 3) matrix, defined by,
k k ,~k k,~k
n VN, 4NNy
1 .
D, =—|mn n§ nsn% | Equation 1
m ’ k ~k [ Ak K k
n3 nl n3n2 n3

This matrix represents a single student’'s moddksize., how the pattern of the student’s
responses to all questions spreads out over tee thodels. It is known as a single student
model density matrix. It must be stressed that deinition contains no more information
than is contained in the original three numbersidedves, which can be seen to lie along the
main diagonal of the matrix. What it does do, hosrevs to make explicit any confusion
between models, which is shown by the presencé-diagonal elements.

The power of this representation is seen when teengt to determine an average response to
the set of questions for all students. We simpiym saver all single student responses (and
normalize) to obtain the model density matrix cf thass.

noonmng g
N
D:%Z DkzN—lmz Jniné oS /nén% | Equation 2
k=1 '

k=1
[ K K [ K -k k
n3nl n3n2 n3

Each element of the class model density matrixesgnts different aspects of the students’
understanding. The diagonal elements (which ramgen fO to 1) represent the average
number of responses which drew upon each of treethrodels. The off-diagonal elements
(ranging from 0 to 0.5) tell us whether or not tetidents drew upon those models
consistently (on average) or whether they jumpedradt between models.

As a brief guide to interpretation, consider théofeing hypothetical class model density
matrices.

1 00O 05 0 O 0.5 0.2 O
D|= 0 0O D| =| 0 0.3 0 D||| =1 0.2 0.3 O.
0 0O 0O 0 0.2 0.1 0.1 O.

D, shows that all students in the class answereduaétions using model 1.,3hows that
50% of the class used model 1 consistently, 309 asedel 2 consistently and 20% used
model 3 consistently. [p shows that students answered using all modelsaistently; i.e.,
they sometimes used model 1, sometimes model Z2a@mdtimes model 3. A comparison of
D, and 0y shows the key feature of the representation. th bases, the average numbers
for each model are the same (the diagonal elemédnisjhe responses were consistent jn D
and inconsistent in .



Instrument and Data obtaining

The two methods explained above were used to amalymlent conceptions. The data were
obtained by using a conceptual survey called MechadWaves Conceptual Survey (MWCS)
(Tongchai et al, 2009) to investigate student cptioes. The survey can be downloaded at
http:/mwww.physics.usyd.edu.au/super/mwcs/mwcs. pafthis paper we focus only on the
responses to the seven questions concerned witle weapagation. Table | shows the
concepts covered.

TABLE I. Concepts covered in the survey on the gpigtof propagation

Question Concept

2,3 Speed of sound waves
4,5 Speed of waves on strings
6,7,8 Displacement of medium

Participants

The participants were seven different groups adestts. They ranged from high schools both
in Australia and Thailand; through three leveldicdt year university, fundamental, regular
and advanced; to second year university. A brieiaew is provided in Table II.

TABLE Il. Summary of participants

Rank Groups n Descriptions
1stFund 123 First year fundamental physics stiscEra university in Australia.
SydHigh 54 Australian senior high school studémSydney.

ThaiHigh 270 Thai senior high school studentBamgkok.

1stReg 287 First year regular physics studerdsuatversity in Australia.
2ndReg 48 Second year regular physics studeatsi@tersity in Australia.
1stAdv 69 First year advanced physics studerdsuaiversity in Australia.
2ndAdv 51 Second year advanced physics studeataraversity in Australia.

The groups of students were ranked not only acogrth the number of years of formal
studies they had done, but also taking accounttloérokinds of informal instruction in
physics they might have experienced (like Physilygrpiad involvement, special projects
and so on). We chose to use the phrase ‘previagsgement with physics learning’ to refer
to this mix of quantity and quality of educatiomofn this perspective we ranked the groups
of students as in Table II.

Results and discussion

1. Categorizing and counting

1.1 Speed of sound waves in air

Students’ responses to questions 2 and 3 on thesl sfesound waves were placed into the
three categories described below.



o Complete understanding (CU): The answers to bo#stipns demonstrate that the
speed of sound waves depends on the propertide dit, a consistent and correct
response.

e Common alternative conception (CA): The answerddth questions demonstrate
that the speed of sound waves depends on theueney, a consistent but incorrect
response. This is the predominant common altemmatinception.

e Otherideas or guessing (OG): The answers areaot the patterns above. Students’
responses reflect a diverse range of alternativecaptions and there is no
consistency between the answers to the two quastion

The percentages of students’ responses in eachocaterere counted and plotted against
previous engagement with physics learning (ranketh& able II) as shown in Figure 1. As
students’ previous engagement increases, we natethile percentage of students in the
category complete understanding, which represemisistently correct responses, increases
to about 80 — 90 %. (There are some fluctuatioreuakhe general trend but we do not
consider these to be significant.) Remember thatl#ter year students would not have
explicitly studied this material for several seneest Therefore there seems to be a suggestion
that deeper understanding of mechanical waves s@sistudents cover a range of related
subjects like quantum mechanics and electromagne®3n the other hand, the common
alternative conception persists at about 25% aed thduces quite sharply. The main switch
going from novices to more experienced groups agpta be from other ideas (OG) to
complete understanding (CU).
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FIG. 1. The percentages of students’ responsesneltaising the categorizing and
counting technique is plotted against previous gegeent with physics learning
(ranked as in Table II) for questions 2 and 3 engpeed of sound

1.2 The concept of the speed of waves on strings

Questions 4 and 5 are about the speed of wave sputseeling along strings. The
scientifically accepted concept is that the speediaves depends on the properties of the
string only. The common alternative conception wlaat the speed of waves on strings
depends on frequency. Results using the same satexjories (CU, CA and OG) are shown
in Figure 2.

This pair of questions seems to be more diffichiétnt the previous pair, resulting in a very

different looking graph. The Complete Understandingup is very small at the start. It rises

steadily as previous engagement with physics isegaut it is still only 50% at second year
university level. This is consistent with the fdbat the scientifically accepted conception
involved is actually counter-intuitive. Most naiedservations of waves on strings seem to
support the idea that the wave speed does not degrdy on the properties of the medium,

but also on how the wave is generated.



The common alternative conception, that wave spiepénds on frequency, does not attract
many adherents at any level. On the other hand)ther/Guessing group is quite large at the
start, about 80%. This falls steadily as previongagement with physics learning increases,
but it is still 50% at second year university levEhis behavior is not characteristic of the
usual mixture of ill understood ideas or guessestehd, it almost looks like a third,
consistent but incorrect, conception. It seemsaaant more research being done to find out
exactly what the conception is, and special camgaaken to change it.
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FIG. 2. The percentages of students’ responsegeltasing the categorizing and counting
technique is plotted against previous engagemehtpiiysics learning (ranked as in Table II)
for questions 4 and 5 on the speed of waves amgstri

2. Model Analysis
We applied the techniqgue model analysis to a squestions; questions 2, 3, 4 and 5, based
on one particular concept - Speed of waves. Amslysethod and the results are shown
below.
Students’ responses to questions 2, 3, 4 and beantegorized into three “models”;
Model S1: the answers demonstrate the understanding teatped of waves depends
on medium properties (the scientifically acceptedoeption),
Modd S2: the answers are built on the notion that the dpdavaves depends directly
on frequency (common alternative conception), and
Model S3: other ideas or guessing.

Note, however, that there is not necessarily ang-torone mapping between models and
answers. It is perfectly possible for two or moreltiple-choice options to “belong” to one
model. For example, question 5 option A (use atdigtstring, under the same tension,
because the velocity increases as the density akag¥ and option B (use a heavier string,
under the same tension, because the velocity iseseas the density increases) are both in
accordance with model S1. The associations of ptettthoice options with each model for
all questions are shown in Table IlI.

TABLE lll. Models and multiple-choice options fougstions about wave speed

Question Model S1 Model 2 Model S3
2 a B c,d
3 c B a,d
4 f B a, cde




Table IV shows the class model density matriceslbfgroups of students. The shading
reflects the proportion of responses. Remember ttiatdiagonal elements of each matrix
represent the proportion of students’ responseshwéuie based on the three models. Overall,
it is clear that as the previous engagement witysigh learning increases, the trend of the
consistent use of models (diagonal elements) dindis other ideas (model S3) and common
alternative conception (S2) to the scientificalbg@pted model (S1).

Further, students with low previous engagement phitysics learning seem to use all models
equally. Indeed, they use all models inconsisterttyshown by the high values of the off-
diagonal elements. At the other end of the table,nhost advanced students tend to use only

the scientifically accepted model, and do so comsily.

TABLE IV. Class model density matrices for questions 2da @ave speed.

1stFund SydHigh ThaiHigh 1stReg 2ndReg 1stAdv 2ndAdv
(n=123) (n=54) (n=270) (n=287) (n=48) (n=69) (n=51)
22 | .15 . .19 | .13 . 15 | .12 . 12 | .09
.14 .19 | .30 | .07 .15 | .17 | .03 12 | .15 | .01
17 A3 | .07 | .13 .12 | .03 | .08 .09 | .01 | .06
Note: shading highlights the trend of the numbers.
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FIG. 3. Trend of the diagonal elements of all clasxdel density matrices plotted against
previous engagement with physics learning (rankedharable II) for questions 2 to 5 on

wave speed

We also plotted the diagonal elements of all dgnsiatrices against the ranked previous
physics learning, generating Figure 3. This shdwved & lot more students seem to use the
scientifically accepted model after they have mexperience in physics learning. At a
superficial level, Figures 1 and 3 look similar. w&ver, students who showed “complete
understanding” in Figures 1 and 2 (un-dotted lica) only fall into the model S1 group in

Figure 3. Likewise, those who chose the “commoaraédtive” (dotted line) fall into model

S2. But the “other/guessing” (dashed line) canifatl any of the three models. Therefore it is
not easy to see the relationship between thesehgjragarticularly Figures 2 and 3, even
though they are constructed from some of the saate. d To our way of thinking, the

matrices in Table IV are the easiest to interpret.




Conclusion and Implications

Two useful techniques for analyzing the consistesicgtudent conceptions were presented.
Both techniques have their usefulness and were tabkhow that the student conceptual
understanding increases as they studied more physin high school to second year
university level. The categorizing and countinght@que is a simple and convenient analysis
tool for evaluating students’ responses and easyséoin a classroom. The model analysis
technique was particularly useful in highlightimgonsistencies in the way students answered
the questions. In terms of class-room practidas,important to be careful when interpreting
students’ responses to this kind of survey. They apparently get the right answers, but still
be confused about the basic concepts. The motastiopted model analysis technique gives
a readily visual summary of where the studentsrareng mental models.
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