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ABSTRACT

Teaching physical science in such a way that the
learning outcomes result in effective understanding of con-
ceptions has been recognized as a process which is not
occurring as well as it could be in New Zealand.

Recent research shows that most young people's
misunderstandings about the natural world around them are
retained even after a considerable period of teaching has
occurred. One of the main steps for rectifying the mis-
understandings young people have is to identify what the
misunderstandings actually are. 1In an attempt to assist
teachers with this process a diagnostic test has been pre-
pared so that teachers can use it to identify misunderstandings
and see how typical their students or clésses are compared
with a Local Norm Group which have been tested.

Analysis of the results from the Local Norm Group
shows that there are clearly identified misunderstandings
that the students tested have about the physical science

topics used in this project.
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INTRODUCTION

For some years science teachers have become increasingly
aware that many of the more abstract scientific ideas they
found are very difficult for most secondary students to
understand let alone use. Various studies show that only
a minority of students correctly apply a number of basic
science concepts. The concepts often used incorrectly are
those in the physical sciences and by students of 12 to 14
years old. (Osborne and Freyberg 1985). Such ideas as
particle theory of matter, forces, radiant energy, air and
air pressure and electricity are among some of the more
difficult topics which show this trend.

It appears that one of the main reasons why young
‘people have this difficulty is that teachers tend to focus on
the content they are teaching rather than aspects which are
to do with how students "see" the science that they are being
taught. Aspects such as these include:

(i) Taking time to focus on what students think about

various concepts being taught.

(ii) Getting students to verbalize their own ideas

and discuss them with others.

(iii) Doing acgivities which help students to recognize
how their own ideas differ from the recognized
scientific explanations.

Osborne and Freyberg elaborate this further:

“Children from a young age, and prior to learning

science at school have meanings for words and views

of the world which are to them sénsible and useful.

Such views can be strongly held and are often not




recognized by teachers, but nevertheless influence
the formal learning of science in many unintended

ways". (Osborne and Freyberg 1985).

David Ausubel continues the argument. "The most
important single factor influencing learning is what the
learner alréady knows; ascertain this and teach accordingly".
(D. Ausubel 1968). Jack Shallcrass reasons that for a
teacher to start teaching from what the child already knows
requires that the teacher listens to the child intelligently.
It then is possible for the child to learn, modify and expand

what she already knows. (Shallcrass 1986).

* BACKGROUND TO TEST DEVELOPMENT

For avyoung person to learn they have to make their
own assumptions about the way the world around them works.
These assumptions are based on preconceived ideas and can
lead to inaccurate conceptions particularly about abstract
scientific phenomena. "Students use their knowledge of the
world to comprehend written text and that student's compre-
hension failures often result from misconceptions or inade-
quacies in their background knowledge (Eaton, Anderson and
Smith 1984). If a scientific conception is not understood
fully the student is likely to adhere to a misconception that
makes sense to them. This means that any, new related ideas
or applications, will be integrated into the faulty mis-
conceptual framework. There will come a time when their

faulty misconception does not work.



Once a strongly held view is established in the mind of
a young person it is very persistent. The late Roger Osborne
found, for example, that the views, 12 year olds held about
electricity and forces were essentially the same when they
were in their first year University Physics Course (Osborne
1980). These views were persistent through five years of
secondary education. This discovery formed the basis of,
and help lead to the research project termed "learning In
Science Project"(L.I.S.P.) initiated by Roger Osborne and
his team at Waikato University.

In 1982 Ross Tasker came to some conclusions about
how children see their science learning. These conclusions
emerged after careful analysis of many lessons and inter-
views with children. Three of the analyses are summarized
below:

(1) Lessons are seen by children as isolated events
even though teachers go to some trouble to make them sequential.
teachers assume that children see their past experiences in the
same way as they do and this helps to prevent their seeing
science as a sequential series of events.

(2) Students quite frequently do not see the purpose
of the science activity in the same way as the teacher does.

(3) "Students oftep fail to recognise the important
details of the scientific techniques and design features of the
experiment. The conclusions the students come to are often
not what the teacher wants". (Tasker 1982)

This is demonstrated further in Richard White's paper
where form 6 students were asked to make predictions about

the movement of an equally balanced bucket and mass. These



were Jjoined together by a cord which was passed over a pully.
The weight was pulled down and the students were asked what
would happen when it was let go.

"After the students have written their predictions,
with reasons, the change is made and they are asked to observe
what happens. If their predictions and observations differ,
they have to explain the discrepancy." (White 1982). Many
had unscientific, pre-Newtonian conceptions of simple force
situations such as described above. White goes further by
explaining that interviewing individual students about
situations using diagrams, photographs etc is a very useful
way to explore the students understanding of a concept.

This has also been the main method used by the L.I.S.P.
researchers at Waikato University. White explains that he
used a definite procedure involving an increasing number of
directed cues to "probe" the understanding that students had
about science-type situations. He has found a remarkable
diversity in knowledge among the science graduates. This
depended on their past experiences. In White's opinion,
teachers who try out probing techniques, will be in a good
position to begin work on how to solve the problem of
students misunderstandings concerning their explanations
of science-type situations.

While interviewing students individually can provide
important information and establish to what extent students
understand and misunderstand various science concepts. This
can be a very time consuming exercise and almost impossible

for many teachers to do because of their teaching loads. Also
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many teachers lack the skills for satisfactory interviewing.
Although an increasing number of teachers are becoming in-
creasingly aware of the L.I.S.P. findings and how it affects
their teaching, few find it an easy process to identify
clearly understandings and misunderstandings their students
have. They tend to teach on, following the prescribed
syllabus in the hope that their students will absorb at
least some sound scientific ideas and techniques.

It is the writers opinion, based on experience and

reading, that their are three main aspects which must be
delt with by the teacher, in order to overcome misconceptions
and therefore allow appropriate learning to take place:

(1) Try to identify at least, the main misunderstanding
the class (or individual students) have over the
concept being taught. The teacher must know what
the student thinks.

(2). The scientific idea (or model) must be carefully
explained and compared with the common misunder-
standing in such a way that the student is
satisfied that the sc¢ientific idea is more
adequate then their own idea (if it is a mis-
understanding) .

(3) There must be appropriate activities or exercises
which help the student to move away from their
misunderstanding and towards the scientific idea
or model.

It is the important initial step of identifying

misunderstandings that this study concentrates on. It

provides a diagnostic test which identifies student



misunderstandings in such a way that the teacher has a base

from which she or he can begin teaching a topic.

PURPOSE AND FUNCTION OF THE TEST

The test is diagnostic in so far as it identifies
the main misunderstandings that some students have about
some form three concepts. It is organized in such a way
that statistical analysis can be done to group student
responses so that teachers can identify the main misunder-
standings that the class and individual students have.

This identification should be able to form the basis from
which a teacher can begin teaching.

The test has been used on a representative cross
section of students to produce a Local Norm Group. The
results obtained by any form three class doing the test can
be compared with the Local Norm Group so that a teacher can
see to what extent their classes and individual student
misunderstandings compare with the Local Norm Group.

This diagnostic test concentrates on three physical
science topics commonly taught in New Zealand schools. The

topics are Forces, Nature of Particles and Radiant Energy.

These three topics were chosen because they are usually
taught at form three level (i.e. when they receive their
initial formal secondary science education). Also these
topics are ones which in the opinion of the writer seem to
produce the greatest difficulties that young secondary

students have understanding the concepts involved.



Statistical information about the test is provided

from a computer programme so that performances can be compared

between:
(1) individual schools,
(ii) individual classes,
(1iii) 4individual students,

and the Local Norm Group. The list below outlines information
provided from each class, each school and the whole Local
" Norm Group:

(a) Mean number of correct scores.

(b) Standard deviations.

(c) Percentage responses on each alternative answer
the students chose, thus indicating the main
and other misunderstandings.

(d) Percentage responses on each subtopic grouping
of questions.

"So that detailed comparisons can be made between a
class using the test and the Local Norm Group a calculator
or the computer programme would have to be used. However
a teacher can easily make visual comparisons between
individual student scores and the results of the Local Norm
Group as the answer sheet 1s designed in such a way as to

allow this.



SUBJECTS THE TEST IS INTENDED FOR

The test is designed for any students who have not
been taught the three physical science topics in question.
If a valid comparison is to be made between the Local Norm
Group and a class (or school) then the test should be sat
by form three students before they have been taught any

substantial science material.

TEST CONSTRUCTION

The test was constructed in three phases:
(a) Development of open-ended questions.
(b) Pre-testing the open-ended questions.

(c) Final test preparation.

(a) " Development of Open-ended Questions

In order to work out the appropriate wording and
reading level of questions a series of open-ended questions
was written. An outline set of gquestions was prepared
which covered the general areas that students were to be
asked about. Ten students were interviewed and were asked
the questions orally. The students comprised 5 girls and
5 boys .of average to low ability based on their scores in
their school internal reference tests (i.e. scores ranged
from 10-22 out of a possible 40 and the mean was 20).

The original list of questions is listed in appendix
I. These questions were modified as problems arose while

interviewing the students.

e
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In this phase it was important to check the wording
of the questions rather than check how well they answered
each question. Modifications were made to the question
wording depending on how well the students could follow
the question. These questions and modifications formed the
basis of the open-ended questions used in the pretest phase
described below.

e.g. question 1 from the open-ended Interview Question
(Appendix I) reads:

"What forces are on a car which is parked on a
sloping road?" This needed the following modifications to
improve its meaning.

(1) Needed greater clarification of the cars status
so inserted "hand break on" and "It is not
moving".

(2) Rather than say "what forces are on a car" it
appeared better to say "Draw arrows on the car
to show which way the forces are acting”.

(3) There needed to be a contingency for those who
thought there were "no forces acting".

In the Pretest Question Paper the wording was finally

modified to:

1. A car is parked on a sloping road with the hand

break on. It is not moving.

/
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(a) Draw arrows on the car to show which way Forces
are acting. If you think there are no forces
acting write NO FORCES under the diagram.

The questions were derived from the writers own

sources and from some of the open-ended interview questions
used in the L.I.S.P. working papers. (Schollum 1982, Osborne

and Cosgrove 1983, Osborne 1986).

(b) " Pretesting the Openended Questions

In June 1986 a sample of approximately 100 students
were asked to write their answers to the trial questions.
These were students who selected from above average, average
and below average ability classes. The school that these
students came from showed a raw—séore mean on TOSCA of 35.13
(Form B, intermediate, age 13) compared with the raw-score
mean of 35.41 on the equivalent sample used in standardizing
TOSCA. The classes chosen were those that represented the
three band levels in the school. The students were
encouraged to write what they thought were the correct
answers; even if they were unsure. They were also encouraged
to write as much as they could. The three topics were made
up into booklets and each of the three booklets was given to
33% of the 100 sample chosen at random. The students were
given as much time as they wished but had to answer the
questions with no help at all and in semi formal test
conditions. The students were also asked to use language
they were familiar with and draw diagrams as they saw fit.
The test papers are included in appendix II. A summary of

some responses are listed in Appendix III.



11.

This summary gives an indication of how students

typically responded to some questions.

(c) Final Test Preparation

Using the student answers and how well they performed
on the pretest, appropriate questions were selected to make
up the final test. The following basic criteria were used
to do this.

(1) Where 80% or more students gave the correct
answers, these questions were not used.

(2) Where students obviously had difficulty under-
standing the stem of the question then this either was not
used or was modified to try and improve the reading level.

(3) Where possible the same or similar wording and
diagrams were used in the final test as students used in the
pretest;

Some of the pretest questions were of the "yes" or
"no" type and so were written as either true or false, or
yes or no questions. In cases, where there were several
different answers given by students in the pretest, these
were written as multichoice questions with four résponses
(a to d). Apart frombthe correct answer, the three other
responses were chosen from the three most common answers
given in the pretest (see Table lﬂ@m.This represented the
main misunderstandings the students had about the question.
The example below shows how a pretest question was modified

in the trial test.
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Question 1lb in the pretest booklet on the Nature of Particles
was worded "Write down or draw what you think the particles

are doing in a liquid such as water in a container (included

diagram) ."

This was modified in question 19 in the final test to:

PARTICLES

All materials are thought of as being made up of tiny particles.

o ] ©
° 6 % o °
€.g. o ) o .
o o (o] — Jar,
Waler;
] /

Imagine the particles above to
be making up water in a jar.

-
Ld

Asmall sechon
highly magnified,

Which of the following best shows the arrangement of particles
in the enlarged section.

19.

(a) (b) (c) (@)

XL

particles mixed
in with liquid

regular stacking
and vibrating.

moving over
each other

gaps between
the particles.
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The table below shows how some questions were made

up from the student's own wording.

Table 1l: Examples of Final Test Question Construction

From Pretest Questions.

Final Test Questions and Comments (compare Appendix III with
(the Final Test Paper)

1.

Alternatives a,b and ¢ were selected as the Force
arrows because most students drew those arrows on Question
1, in the pretest on Forces.

Alternatives a,b and ¢ were selected as the main direction
of forces drawn on the craft because most students drew
those arrows on Question 4, in the pretest on Forces.

21‘

All Alternatives were selected from the main group of
answers given in question 2, pretest on Nature of

" Particles

29.

All Alternatives were selected from the 4 main group of
answers the students drew in Question 12, pretest on
Radiant Energy.

A draft copy was made up of the test and given to five

practising teachers for checking. They were asked to

concentrate mainly on:

and

(a) Clarity and reading level of wording,

(b) clarity of drawings,

(c) appropriateness of alternatives given in the
multichoice questions.

The questions were separated into subtopics and a

number of questions allocated to each subtopic. A table of




14.

these subtopics appears on page 5 in the Teachers Manual.
The separation of subtopics is more clearly repre-
sented in the answer sheet than in the test booklet. (See
Appendix II , in the Teachers Manual) The breakdown in
the answer sheet is for the convenience of the teacher,
where as the test booklet is simply a set of 36 questions
which the students work through from start to finish.

However the questions are grouped together in the appropriate

subtopics in the test.(%ee prenollv( I,wn the Teachers Ma”“al)

" TEST ADMINISTRATION AND MARKING

This information is described in the Teachers Manual
under the following headings:

Introducing The Test, pg. 6.

Distributing Materials and ﬁxplanation, pg. 7.

Running of The Test, pg. 7.

and Marking of the Test, pg. 8.

FORMATION OF THE LOCAL NORM GROUP

A cross section of ten schools from Christchurch was
selected to make up a Local Norm Group. This comprised
students from; co-educational schools, state sihgle sex
schools and separate (private) schools. The classes
chosen were high ability, average and limited ability
groups. There were a total of 438 students making up the
Local Norm Group and all of these were tested in February

1987. Table 2ashows the breakdown of schools with the class



abilities and number of students.
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The schools were

selected as a Judgement Sample based on knowledge of socio-

economic characteristics of the 24 High Schools in Urban

Christchurch.

schools made up from the proportion of form

attending the school who came from families

two Socio-economic levels out of a scale of

and Irving 1985).

" Table 2¢;Listing of

Schools used to Make

up

Selection was made from a ranked list of

six students
in the top

six. (Elley

Local Norm Group

Class Ability No. of classes | Total in
Schools Type used. used. Class
Total
A Single sex, boys | Gifted 1 9 26
state Limited ability | 1 29
B Single sex, girls| Above average 1 31
state Below average 1 30
C Single sex, girls| Average 1 1 27
D Single sex, boys | Average 1 1 35
E Co-educational Average 1 2 29
state Average 1 25
F Co-educational Average 1 9 29
state Average 1 31
G Co~educational Gifted 1 2 26
state Limited ability | 1 21
H Co-educational Above average 1 2 22
state ‘Below average 1 25
I Co-educational Above average 1 9 26
state Below average 1 26
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OTHER GROUPS USED TO PROVIDE INFORMATION ABOUT THE TEST

(a) Intermediate Students

A group of 100 students were selected from a
Christchurch Intermediate school to sit the test in late
October 1986. These students were selected from the top
streamed class, an average band class and a bottom streamed
class. The students were placed in the classes based on
standard 5 TOSCA results. There was no further information
available. These classes had well qualified science
teachers teaching them so it was recognised that this sample
was probably above average for this age group.

These s£udents were used to determine how well the
test discriminated between students and to indicate if it
was necessary to make any major adjustments to the test

before continuing its use.

(b) " Sample of Form Three Students Tested in 1986

A similar group of secondary students as the Local
Norm Group was tested in December 1986. The purpose of
this was to see if there were differences in performanée
between this group (having been taught a full year course)
and the Local Norm Group_(before they had been taught a
full year course) and the Local Norm Group (before they
had been taught any substantial high school science). This
was done to give an indication of how much growth in their
understanding has occurred in the course of their form three

year. This group comprised 404 students and were selected

in the same way as the Local Worm Group.
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The analysis for the local Norm Group is listed

below:
(1) mean score
(2) standard deviation
(3) % response on each answer and hence their
main misunderstandings.
(4) 9% response on each topic.
In addition the foliowing analysis was performed:
(5) split half reliability for the schools.
(c) Independant Form Three Group

An independent form three group sat the test at the
same time as the Local Norm Group. They were selected from
a co-educational state High School and were regarded as
being reasonably representative of students at age 12-13 years
old. This group had a mean raw score on TOSCA of 32.6 and
a standard deviation of 13.41. The representative group
used to standardize TOSCA for 12 year olds (form B) had a
mean raw score of 32.09 and a standard deviation of 13.20.
The separate group comprised three classes of below average,
average and above average groups; a total of 73 students.
This group was used to correlate with:

(1) TOscA

(2) P.A.T. Reading Comprehension

(3) P.A.T. Mathematics

(4) An internal science Reference Test

(5) Re~test five days later.
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INTERPRETATION OF THE RESULTS

(1) Mean Scores and Standard Deviation

(a) The Local Norm Group

The Local Norm Group (L.N.G.) produced an overall
mean and standard deviation which was quite small. Obviously
the test was rather difficult if one looks at it from an
achievement point of view. As pointed out earlier however
the main objective of this exercise was to provide
information about the student's misunderstandings about
these topics. (Table ab)

It can be seen that the mean scores are low, in all
cases well below half marks. The only group which achieved a
score which was near half marks was from school I (above
average ability class). The number of classes with a mean
score above 16 are three. The rest of the scores show an
even spread between these two values.

As one would expect, there is a low mean score for
the L.N.G. (13.9) énd the socres for individual classes and
schools is clustered around the mean score. The gifted and
above average ability classes do not seem to be particularly
high above the mean. The highest class score is two decimal
points less than one standard deviation above the mean.
However the lowest class score is considerably short of one
standard deviation below the mean.

For example: High score 17.5

Mean 13.9

Low score 11.1
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Table 2b: Mean Raw Score, Standard Deviation of Classes and

Schools Used In the L.N.G.

SCHOOL (etc) CLASS (etc) s?gﬁEggs MEAN S.D.
A state: single sex overall 55 15.3(427%) 3.8
boys
limited ability 26 13.7 3.0
gifted ability 29 16.7 3.9
B state: single sex overall 61 13.8 (38%) 3.8
girls
above average ability 31 15.8 3.2
below average ability 30 11.8 3.3
C private: single sex average one class 27 12.4 (34%) 2,6
' girls
D private: single sex average one class 35 15.4 (43%) 3.9
boys
E state: co-ed overall 60 13.2 (37%) 3.0
average ability 29 14.2 3.0
average ability 25 12.2 3.0
F state: co-ed overall 47 13.3 (37%) 4.4
average ability 29 12.7 2.5
average ability 31 13.6 3.4
G State: co-ed overall 54 13.3 (37%) 3.1
gifted ability 26 14.5 3.9
limited ability 21 11.7 4.6
H State: co-ed overall 47 13.9 (39%) 3.9
below average ability 22 11.1 2.0
above average ability 25 16.4 3.5
I State: co-ed overall | 52 14.8 (41%) 4.2
below average ability 26 12.0 3.0
above average ability 26 17.5 3.4
LOCAL NORM GROUP overall 438 13.9 (39%) 3.8(10.6%)
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Table 2balso shows a small standard deviation, which indicates
a narrow spread.

The results show that students found this test
difficult. The L.N.G. indicated limited understanding of
these topics. The low scores (12.5 and below) probably
would have been lower on a different kind of question. Out
of the 36 questions, 29 were 4 response multichoice items
and 7 were true or false type questions. This means that
theiguess factor could have given them at least 9 correct
answers, and this would have inflated all the marks
particularly the low scores; This indicates that the mean
should have been lower than indicated on this table.

Because the mean and standard deviation of the L.N.G.
is so low it would indicate that it is not a good test to
use for achievement purposes. This supports the original
contention that it is best used for determining student's
misunderstandings of these topics.

However teachers can use the data (found in the
teacher's manual) to compare their class (or school) results
with the results of the L.N.G. They can then determine to
what extent their students misunderstandings are as typical

of the L.N.G. misunderstandings.

(b) The 1986 ‘Sample

Table 3 shows the mean and standard deviation analysis
of a group tested in November 1986. While the schools were
the same and the class levels the teachers were asked to
select students from were the same, the actual students are

not the same. There are bound to be differences between



the classes from the L.N.G.

sample.

21.

and the classes from the 1986

However it was hoped that these differences were

minimized with a reasonably large number in the group.

Table 3: Mean Raw Score, Standard Deviation of Schools used
in the 1986 Form Three Group.
NO. OF

SCHOOL TYPE STUDENTS MEAN S.D.
A State: Single sex, boys 51 19.1 4.8
B State: Single sex, girls 46 16.7 3.0
C Separate: Single sex, girls 23 13.5 2.0
D Separate: Single sex, boys 32 14.2 3.3
E State: Co-educational 55 13.7 3.8
F State: Co-educational 44 12.6 2.9
G State: Co-educational 66 14.8 4.5
H State: Co-educational 33 12.8 3.0
I State: Co-educational 54 15.8 3.5

OVERALL - 404 15.0(42%) 4.1

These results show a higher mean and a characteristically

higher standard deviation than with the L.N.G.

It appears

that teaching has had an effect on their performance as this

sample was tested in November,

after a full form three year.

However the "teaching effect" is minimal as the mean score

is only 1.1 points higher than for the L.N.G.

The questions

used in the test are questions which should be used before a
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topic is taught and there are five possible reasons why the
students performance did not appear to be very much higher
than the L.N.G.'s performance.

(1) The test is so hard for students at form three
level that even after teaching these topics the students
still find the questions too difficult and guess most anéwers.

(2) The students forget what they have been taught.

(3) The teachers don't actually teach all the content
areas that the topics were testing.

(4) One or two of the topics are not taught in their
form three year but are taught these areas in the fourth form.

(5) The method of teaching is not making much |
difference to changing the misunderstandings that the students
have aboutlthese topics (in terms of the questions).

If it was possible to make sure that these topics
were taught in Form three, that the content was covered and
that the method of teaching employed did attempt to change
their misunderstanding then it should also be possible to
see 1f the students perform better on a re-test. If students
did perform better that would also explain points 1 and 2.
These aspects however are beyond the scope of this study.

The mean scores of the schools are clustered around
the overall mean score and the highest mean score (for school
A) is almost one standard deviation above the overall meaﬁ
score; "This is a similar situation as for the L.N.G. The
lowest mean score is only about .5 of a standard deviation
below the overall mean score whichiindicates guessing had

an effect of inflating the low scores as it did in the L.N.G.
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In most respects the mean scores and the standard deviations

had a similar pattern as for the L.N.G.

(c) The Intermediate Sample

The Table below shows the mean and standard deviation
of the Intermediate sample compared with the L.N.G. and the

1986 sample group.

Table 4: Intermediate School Analysis.
Mean, Standard Deviation,

(Number = 100).

Function Intermediate L.N.G. 1987 ﬁwnsHWeeGToup 1986
. . . School ‘

Mean 14.0 13.9 15.0

S.D 4.0 3.8 4.1

It can be seen that the intermediate group shows a mean
very close to the L.N.G. This is to be expected as the
intermediate group were tested at the end.of 1986 and the
L.N.G. were tested at the beginning of 1987. The standard
deviation shows that the spread is slightly more than the
L.N.G. It is possible that this group possibly demonstrates

one which has a fairly wide range of ability.
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(2) Analysis of Multichoice Answers

(a) Discrimination and Difficulty Factors for the

Intermediate Group

Table 5 shows the analysis of the Intermediate School
Group which was used to make adjustments to the test based on

the Discrimination Factors.

Table 5: Intermediate School Group Analysis of Multi-Choice

Answers, Discrimination Factor, Difficulty Factor.

Choice U0 L@ Total - ¥ Disc Fact Diff Fact

f {luestion
| I 4 2 12 12 0.4 0.1
7 147 4L 4 0,28 0,42
120 § 55 55 0,48 0.5
; 45 3 14 16 0.8 0.14
5 10 5 28 I 0.2 0,30 |
| ¢ 7 1 18 18 oo 0.16 !
7 2 W 777 0.A 0.76
g 22 & 55 55 0.5 0.40
? i 5 023 23 n2 .30
w2 1 3 3 0,04 0.06
o2 1t 52 3 6.0 0.64
, 12 18 14 45 &5 0.6 0.44
| 13 M .17 83 8 0.8 0.82
¢ 8 7 4 4 6,04 0,20
| 5 12 B 45 45 .14 0.40
16 18 B 42 49 0.40 0,52
\7 7 & 12 22 0,04 0.26
w7 5 24 24 0,08 0.24
9 4 3 15 15 0.04 0.14
W I SR S T WV 0.10
A 29 4 49 .4 1,58 .
o o6 1 1313 0,20 .44
3 10 4 3 3 0.2 0,28
2q 103 2 20 0,28 0.26
5 AL U230 22 040 0.24
26 15 4 48 43 0.4 0,38
97 24 12 47 &7 0.3 044
g 19 B 58 56 0.4 0,54
a9 177 46 46 0.40 0.48
@ 2 1t s 4 0,40 0,60
3y 15 5 37 37 0.0 0,40
| 1 B 5 M 0.2 .26 .
| 33 23 3 B 34 0.40 0.2
: Mo 124 Wm0 0,32
o35 2 0 4 47 64 .42
3 15 5 43 43 .40 0.40

Choice U8 LB Total % Disc Fact Diff Facty
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Generally speaking the questions are discriminating
reasonably well for the kind of test it is. As the mean
scores are low and the standard deviation narrow one would
not really expect to have a high discrimination on all
gquestions. Some questions however appear to be working quite
well for this group for example:

questions 8, 21, 26, 28, 33, and 35 as they

all show a disc. factor of 6.4% or above.

However many questions which show a low difficulty factor
have a low discrimination, for example.

questions 7, 12, 13, 27, 30.

This may be due to the fact that generally the
students gained low scores. This indicates that rather
than those in the upper quarter getting the questions
correct (and those in the lower quarter not getting them
correct) the students who are getting the questions correct
are spread throughout the sample. The more able students
then; are having similar difficulties with these questions
(as those in the middle quarter). The less able are probably
~getting more correct answers than one might expect as a
result of guessing. Also the distractors could be having
a strong effect making the students select them.

Questions which had very low discrimination were looked
at carefully to see if they should be improved. Table 6 shows
the questions which were examined.

It was felt that although a number of questions were
discriminating poorly, it was best not to change them
because the test was to be used twice (in 1986 and in 1987)

and the results compared.



26.

Table 6: Questions examined for possible modification

Question Discrimination Difficulty
No Factor Factor
9 0.20 0.30
10 0.04 0.06
14 0.04 0.30
18 0.08 0.24
19 0.04 0.14
20 0.12 0.10
32 0.12 0.26

The questions in table 6 were looked at and it was
decided to modify only questions 10, 18, 19, 20. These
changes were designed to make the question discriminate
better and to remove ambiguities. The other questions which
were not changed were used in their original form because
modifying them would have changed the meaning of the
question considerably and therefore invalidate the
comparison being made between the L.N.G. and the 1986 Form
Three Group.

An example of the type of change made is shown for
questions 19 and 20. The form of the questions used in the

1986 sample is shown below.
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PARTICLES
All materisls are thought of as being made up of tiny particles
. o o °*0‘:‘.,0' N
' © 0 o 7 o
eg. 6,0 0° % %0 °
© 6 °%. % 0°2 water — |

Imagine the particles above to be
making upwater in a jar.

A small section —s /O

Lo P S
highly magnified. ertarged .

19. Which of the following best shows the arrangement of particles
| in the enlarged sectionf

Jor,

(b) (c) (a)

particles mixed | regular stacking| moving over gaps between
in with liquid and vibrating. each other the particles,

| 20. Suppose a parson blows up a balloon.
| All the particles in the balloon can
i be thought of as being like thig

O O O

| (enlarged). o%P©°
o O

What is in area X? ~— (7]

(a) air

{b) moisture from the person's breath
(c) nothing

{d) oxygen,

Tt was felt there was confusion in question 19 where
the enlarged sections were circular and mistaken for the
actual particles themselves. For question 20 the "area x"

was thought to be confusing so that part was modified.
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The questions were modified by changing the diagrams

as shown below.

PARTICLES

All materials are thought of as being made up of tiny particles.

o) ©
o [
[»] (=]
o (o]
(v o

Imagine the particles above to

be making up water in a jar.

19.

in the enlarged section.

-
Ld

L

— Jar.

|~ waler,

Asmall section
highly magnified.

Which of the following best shows the arrangement of particles

(a)

particles mixed
in with liquid

(b)

ow'a’® e m B E T

regular stacking
and vibrating.

(c)

(d)
© o (o) © |
0% o°
o0 O
o Co

moving over
each other

gaps between
the particles.

20.

All the particles in the balloon can
be thought of as being like this

(enlarged) .

What is in the area between the

particles?

Sﬁppose a person blows up a balloon.

(a) air

(b} Moisture from the person's breath

{(c) nothing
(d) oxygen.

Asmall section
en/arged,
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The questions were modified by changing the diagrams

as shown below.

19.

PARTICLES

All materials are thought of as being made up of tiny particles.

(o] (o] ° °
0 o
° o )
e.g. o o o
o o °

—— Jar,

Imagine the particles above to
be making up water in a jar.

-
Lod

|~ water,

Asmall section

highly magnified. )

Which of the following best shows the arrangement of particles

in the enlarged section.

(b)

particles mixed | reqular stacking
in with liquid and vibrating.

(c)

(a)

0° o
060
o

©Q 0 ©

o

moving over
each other

gaps between
the particles.

20.

sﬁppose a person blows up a balloon.

All the particles in the balloon can

be thought of as being like thi

(enlarged) ——\~

What is in the area between the
particles? e—

s

(a) air

(b) Moisture from the person's
(c) nothing

(d)  oxygen.

breath

Asmall section
en/arged,
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Here the response diagrams as well as the "small
section highly magnified" was modified to make the question
clearer. The same applied to question 20.

Table 7 shows a comparison of the Discrimination
Factor of the Intermediate Group, the 1986 Form Three Group,

the 1987 Independent Form Three Group and the L.N.G.

Table 7: Discrimination Factors for the Questions which

had Low Values Based on the Intermediate School

Group.

Discrimination Factors
Question | Intermediate 1986 Form 1987 L.N.G.
Numbers School Three Independent (1987)

Group Group Form Three

Group

9 0.20 0.25 0.39 0.38
10%* 0.04 0.03 0.28 0.28
14 0.04 0.25 0.28 0.24
18% 0.08 0.51 0.06 0.29
19* 0.04 0.18 0.06 0.18
20% 0.12 0.13 0.22 0.20
32 0.12 0.18 -0.06 0.23

*Questions which were modified

This table shows that the question modification made
little difference to the discrimination factors. Only in
question 9 and 10 were there any significant increases.

Question 14 seems to discriminate very poorly for the
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Intermediate School Group and better for the 1986 Form Three
Group. The difference between the 1986 Form Three Group
and the two 1987 Groups were not significant at all. 1In
some questions the discrimination went down further e.q.
questions 18 and 32.

This seems to support the argument that this test
is not really working as an achievement test with such low
(and unchanging) discrimination factors. The students
responses appear to be at random in many questions showing
they are guessing or again strongly influenced by the

distractors.

(b) Discrimination and Difficulty Factors for Other Groups

In order to compress the discussion the following
symbols are used, these are Local Norm Group (L.N.G.),
Independent Form Three Group (I.F.T.G.), 1986 Form Three
Group (1986 F.T.G.) and Intermediate Group (I.G.).

A comparison between the L.N.G. and I.F.T.G. on Table
-8 shows that there is considerable variation between the
Discrimination for some questions e.g. 4, 6, 11, 12, 18, 22
and 32. However other questions are more similar e.g.

2, 9, 17, 26, and 30. These results show that in a similar
way to the Intermediate Group there is little discrimination
consistency emerging with each question. The test is not
generally discriminating well with any groups.

Similarly a comparison between the 1986 F.T.G. and the
other two groups (particularly the L.N.G) shows the test
questions generally are not discriminating any better with

the group which have had a years Third Form Science teaching.
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The more able students in the upper quarter don't seem to
be finding the test much easier compared with the students
in the lower quarter.

Where questions show a discrimination factor of .3
and above with the L.N.G. the discrimination factor for
the same questions in the 1986 F.T.G. are generally higher
as well. This shows these questions are working in a similar
way with both groups.

Comparing the I.F.T.G. and the L.N.G. shows considerable
variation with Discrimination Factor. This is presumably
due to the fact that the Group size with the I.F.T.G. is
only a sixth the size 6f the L.N.G. Also differences in the
number of students in the upper quarter selecting the correct
answer tend to cause the discrimination factor to fluctuate

more with a smaller sample than with a larger sample.

(c) Analysis of the Multi-choice Question Answers

This aspect is probably the most useful part of this
diagnostic Test. It gives an analysis of each student's
response expressed as a percentagérresponse. (See table 9).
Here it is possible to identify the major misunderstandings
by seeing how large the percentage responses are on each
response (A to D). Alternative E is indicated where
students either selected more than one answer or did not

~give any response.

(1) Selection of Correct Answer

The low mean scores show that the test was difficult

and there are few questions where a large percentage of
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students selected the correct answer. Only 13 questions
showed where a clear majority of students selected the
correct answer. These are the questions with a dot to the
left of the guestion number (Table 9). Only 7, 13, 30 and
35 show for the L.N.G. a percentage correct response of
over 60%. The rest show a figure of 45% and 60% that
correctly responded to these questions. This shows that
about 50% of the students for the L.N.G. understand the

concept involved in the question.

(ii) = Tdentifying the Misunderstandings

The questions which have been circled show where the
students have responded to the distractors in fairly large
numbers. All those guestions, where more than 30% of the
students responded to one or two of the distractors, have:
been cited. Where there has been a very high percentage
response for a distractor it is probable that this displays
a major misunderstanding. Where there are fairly high per-
centage responses for two distractors that this is probably
demonstrating two major misunderstandings. Most of these
questions however seem to show one major misunderstanding.
For example, looking at the figures for the L.N.G.:

Questions 14 and 15

(14) 46% chose A
34% chose B the correct answer
" 12% chose C

2% chose D.
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for 46% of the students in guestion 14,

(15) 45% chose
35% chose

- 7% chose

6% chose

This would indicate that A

35.

A
B the correct answer
C

D

is a major misunderstanding

and 45% of the

students in question 15.

14,

15,

The question is shown below:

7.
The information below is for the next 3 questions.
A ball is thrown in the air TN,
- ’ \
and follows the path in the ' . N
4
diagram. -/ %
/ 3
. Which best shows the direction of forces
/’ on the ball in the position opposite?
& | '
@ ] T
Force in direction of Forces due to gravity and °
flight 46% friction . . 3&4
(c) —b (d) _
Force in direction of No forces on the ball at all. °/
throw . 12% - . 2 /o
e Which best shows the direction of forces
ld
/7 on the ball in the position opposite?
4
&
(a) L e—p G!’
Force in direction of Forcesdue to gravity and &
flight 45% friction 3§ 4
(c) (da)
Force due to friction No forces on the ball at all. &
only. o é A
L 7 0
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This means that 46% of the students think that there
is a "motion force" on the ball, (in the direction of its ;
flight) for question 14, and 45% think the same for question
15. This shows a similar trend in student thinking as the |
Learning In Science Project team found in their research.

Taking another example from the L.N.G.

Question 32

16% chose A, the correct answer

11% chose B

41% chose C

24% chose D

This indicates two possible misunderstandings. See below

32, Suppose a person is sitting

and watching T.V. There is a :
light on in the room. [::J

Which of the following best shows the pathway of the light
so that the person can see whats on the screen? (The arrows
represent the light rays).

@) g (b)
16% 7%

’

M,
el
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It shows that 41% of the students think the light comes

from a persons eyes so they can see the T.V. and 24% think

the person can see the T.V. by the light in the room

bouncing off the screen into the persons eyes. (However

the students could possibly be selecting c¢ for similar

reasons as for a, as the diagrams are not too dissimilar).
Where qﬁestions show a fairly even percentage

response then it may be that the students had little idea

of what the question was asking and so guessed. See gquestions

4, 12, 20, 24, 29 and 31.mn Appendix of The Teachers manual

(iii) Comparison of L.N.G. with other Groups

The pattern of percentage responses are very similar
for all four groups in table 9. Where the major misunder-
standing is indicated for a question on the L.N.G. the
same misunderstanding is indicated in similar proportion

in the other three groups. For example.

Question 1 A B cC | D
L.N.G. 10 65 11 13
I.F.T.G. 10 59 14 18
1986 F.T.G. 16 55 10 20
I.G. 12 71 7 10

Question 15 A B C D

L.N.G. 45 35 7 6
I.F.T.G. 37 32 19 11
1986 F.T.G. 40 46 8 6
I.G. 44 45 5 6

This shows that the test is very consistent for

identifying understandings and misunderstandings.
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(3) Analysis of Sub Topics

This section shows how the students responded on each
group of guestions as a set of sub topics. This means that
the percentage correct indicated how well each school
performed on the sub topics compared with the L.N.G.

{See table 10).

This means that for sub topic "Forces in Motion" 23% of
the L.N.G. got guestions 1 to 4 correct. For the next sub
topic 45% got questions 5 to 8 correct. For the next sub
topic 45% got questions 5 to 8 correct and so on. The
individual schools show some variations, but they are minor.
Where schools show higher or lower percentages for any one
sub topic they appear to be higher or lower on almost all
the other sub topics.

It appears the students performed best on the sub
topics "Force of Gravity" and "Colour". They had greatest
difficulty with "Forces in Motion" and "Particles". This
is consistent again with what the L.I.S.P. research teams
found with these subtopics. These are subtopics with
fairly abstract ideas and students have difficulty
understanding them.

Table 11 shows the same percentages for the Form
Three Group tested in 1986.

Comparing table 10 with table 11 it can be seen
that the results are consistently higher for all subtopics
except the subtopic on "Friction". The higher percentages
are in keeping with what we would expect as the test was

taken at the end of their form three year after a years



Table 10:

Analysis of Percentage Correct for Each Sub Topics For each School and Local Norm Group 1987.
Sub Topilcs Forces in | Forces on a | Friction | Force of Force on | Particles Particles Light Colour
motion moving car Gravity a moving in gases Rays
ball

puestion 1to 4 5 to 8 9 to 10 | 11 to 13 | 14 to 18 | 19 to 23 | 24 to 28 | 29 to 33 | 34 to 36
School A 33 50 41 56 41 25 47 43 54
School B 31 42 29 52 34 24 48 41 48
School C 25 43 19 43 31 21 42 41 41
School D 32 36 33 64 40 29 57 44 53
School E 26 46 28 53 37 21 41 39 47
School F 31 49 28 54 25 24 41 38 47
School G 22 42 31 61 38 25 41 37 40
School H 28 42 37 64 37 24 38 38 52
School I 22 46 29 61 34 31 45 47 58
L.N.G. .28 45 31 57 35 25 44 41 49

"6¢



Table 11: Analysis of Percentage Correct for Each Sub Topic For Each School and Overall Form Three Group 1986.

Sub Topics | Forces in | Forces on a | Friction | Force of Force on | Particles Particles Light Rays Colour
motion moving car Gravity A Moving in Gases
ball

Question 1 to 4 5 to 8 9 to 10 |11 to 13 | 14 to 18 | 19 to 23 | 24 to 28 | 29 to 33 | 34 to 36
Numbers . .
School A 53 67 38 82 69 20 44 60 49
School B 43 51 11 73 .33 38 51 57 51
School C 34 37 4 61 30 28 48 37 55
School D 19 40 17 63 25 31 53 48 57
School E 29 45 12 63 33 38 41 39 51
School F 23 39 7 55 26 19 50 43 49
School G 28 52 14 53 41 25 45 48 63
School H 21 42 2 58 36 25 38 44 46
School I 28 45 5 64 31 29 54 56 77
OVERALL 31 48 13 64 37 27 47 49 56

‘ob
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teaching. The low result for the Friction section is due
to the ambiguity in the original question as this was a
question requiring not only modification but an answer
change.

Table 12 shows the Intermediate School Group as
having fairly consistently high values for the subtopics
(except "Friction"). Their results are higher than LNG
in some areas and even higher than the 1986 F.T.G. This
indicates that the Intermediate Group were probably an
overall higher ability group even though the students were
selected as being typical of form three students. It
probably reflects the fairly high scocio-economic back-
grounds these students came from.

Table 13 shows that the results for the Independent
High School Group were very close to the L.N.G. This tends
to support the fact that they were chosen as a reasonably
representative group to use for correlations for reliability

and validity.

(4) " Reliability

Two measures of relability were used. Split half
was used for the L.N.G. and the I.F.T.G. and Test-retest used
with the I.F.T.G. The I.F.T.G. was selected especially
for reliability and validity checks because the conditions
under which they sat this diagnostic test could be controlled.

Also the PAT tests were taken at about the same time.



Table 12: Intermediate School Analysis.
Subtopics Forces in | Forces on a Friction Force of Force on | Particles Particles Light Rays Colour
Motion Moving Car Gravity a Moving in
Ball Gases
Questions 1 to 4 5 to 8 9 to 10 11 to 13 14 to 18 19 to 23 24 to 28 29 to 33 34 to 36
Intermed. ;
School 31 43 13 68 36 23 43 45 45
L.N.G.
(1987) 28 45 31 57 35 25 44 41 49
1986
F.T.G. 31 47 13 65 37 26 46 48 54

4



Table 13: Independent Form Three Group (I.F.T.G.) Analysis of Percentage Correct for Each Sub Topic

Sub Topics Force in | Forces on a Friction Force of Force on a Particles Particles Light Rays Colour
Motion Moving Car Gravity Moving Ball In Gases

Question 1to 4 5 to 8 9 to 10 | 11 to 13 14 to 18 | 19 to 23 | 24 to 28 29 to 33 | 34 to 36
Numbers
Separate
High School 28 42 33 57 32 22 43 33 43
L.N.G. 28 45 31 57 35 25 44 41 49

37
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(i) Split Half Reliability

Table 14 shows the split half reliability for the

This shows considerable variation in the split half
reliability coefficients. For the KR correction, school G
has a quite a high coefficient for the kind of test it is.
However some coefficients are very low (and negative for
school C) showing that for these schools there was poor
internal consistency. This is due to a narrow standard
deviation and mean which shows the students scores were
clumped together rather than spread out. The overall
coefficient for both K.R. and Spearman Brown corrections
are a little higher than some individual school results.
Presumably this was due to a higher standard deviation
compared with those schools, with a lower standard deviation.
For example, School C had a standard deviation of 2.6 and a
mean of 12.4 compared with the L.N.G. standard deviation
3;8 and mean of 13,9.

The results for the 1986 F.T.G. shows higher KR
coefficients. Presumably these students were not guessing
as much and had a clearer idea of the correct answers,
having been taught a years science.

The picture is similar with the I.F.T.G. where:

split half, Kuder Richerdson correction is 0.46
and Spearman Brown correction is 0.61.
This shows that for the I.F.T.G. the test is a little more

reliable but still lacking strong internal consistency.



Table 14: Split Half Reliability for L.N.G., Schools February 1987. Whole Group
and Schools November 1986.

School L.N.G. 1987 1987 1987 F.T.G. 1986 1986
No. of Spearman Kuder- 1986 Spearman Kuder-
Students Brown Richardson No of Brown Richardson
Correction | Correction Students Correction Correction
A 55 0.60 0.50 51 0.73 0.72
B 61 | 0.80 0.53 46 -0.36 0.31
C 27 -0.38 -0.06 23 ~0.42 -0.52
D 35 0.29 0.52 32 0.38 0.39
E 54 0.67 0.30 55 0.59 0.56
F 60 0.58 0.23 44 -0.49 0.25
G 47 -0.03 0.64 66 0.72 0.67
H 47 0.62 0.53 33 0.50 0.26
I 52 0.89 0.60 54 -0.04 0.47
[ OVERALL‘ 438 0.51 0.49 404 - —*

*Overall correlation coeff. were not available for this.

Sy
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(ii) Test—-Retest Reliability

If re-test was performed 5 days later on this group

and the results are shown below (see table 15)

Table 15: Test-Retest Reliability Coefficient for I.F.T.G.

(Number = 73

Diag Test Re-Test

Mean 13.0 13.0
S.D. 3.0 13.0
r - 0.62

This still shows a low value which could indicate
that some students did not take these tests seriously

enough. A list of some suspect scores is included below.

Student Test Re-Test
9 12 6
46 16 8
50 8 13
56 13 8
62 13 6
63 13 6

These results either indicated they didn't care
how they performed on the test (and guessed most, if not

all answers) or there was faulty marking. Their papers
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were checked for marking and were found to be correctly
marked. They sat the test (and re-test) under fairly formal
conditions and the test conditions were as controlled as
could be expected in a school setting where different teachers
are doing the administration. However these students were
subjected to a battery of tests with two PAT test, an
internal science test and this test twice. It is possible
they had had enough of doing tests by the time they had to
sit the re-test. This could have affected their performance
as the re-test was run at the end of the battery of tests
described above.

Correlating the test re-test excluding the scores
listed on the previous page gave a value of 0.69 which
improves the reliability somewhat but it is still a fairly
low score. There were 54 students out of the 73 in the
group who had scores that were within 3 points of each
other (75%). This means that only about three quarters
were responding to the re-test in the same way as they

did the original test.

(5) Validity

(a) Face Validity

| The test on the face of it did appear to do what it
was supposed to do, and that was identify the misunderstandings.
The final questions were made up from using very similar
wording and diagrams that the students used in the pre-test.

The idea was to provide alternatives that the students
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identified with and appeared to be a plausable answer to
them. Analysis of the multichoice questions shows it does

this fairly well.

(b) Content Validity

The content was selected fairly carefully from the
material that is currently being taught in New Zealand
Secondary Schools. The test was carefully checked by
Teachers to make sure the content was appropriate.

Adjustments were also made, based on this checking.

Concurrent Validity

The test doesn't seem to show very high values

when correlated with other measures (See tablel6).

Table 16: Independent Form Three Group Test Correlations
with Other Test Measures and Reliability
Coefficients (Number = 73).

DIAGNOSTIC TOSCA PAT PAT SCIENCE RE-TEST
TEST MATHS READ. COMP. REF
MEAN 13 32.6 | 20.8 28.7 18.4 13.0
S.D. 3.6 13.4 | 10.3 15.0 6.6 4.0
r - | 0.60 | o0.60 0.63 0.58 0.62

These values are consistently low. The internal
Science Reference Test is considerably low and this is sur-
prising. However on examination of the content of both
tests they overlap in content about 12%. This means they

are testing slightly different things. The same could be
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said of the other measures used to correlate with the
test. The low correlation figures show that the test is

doing what it was designed to do.

Conclusion

As had been emphasized this test is best used as a
diagnostic test, rather than an achievement test. 1Its
strength is in the identification of student misunderstandings
rather than the number of correct answers they get. The
analysis show best the misunderstandings in the multichoice
analysis section where as the analysis for the other
aspects is not as significant or consistent. Hopefully
teachers by using this test can use it to indicate student
weaknesses and show what areas teachers need to work at to

change their misunderstandings.
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APPENDIX I

SCIENCE IDEAS

Open-ended Interview Questions Used to Form the

Basis of the Pretest Questions

Set A Forces

1. What forces are on a car which is parked on a sloping
road?
2. A person pushes a car but the car doesn't move.

What forces act on the car?

3. A person is peddling a bike, what forces are on the

bike?
4, A rocket travels through space with its engines

switched off. What forces are on it?
5. A parachutist is floating down. What forces are on

the parachut?

6. A field gun fires a shell. What forces are on the
shell?

7. What frictional forces are on a person sliding down
a slide?

8. Is gravity on a person who is (a) swimming, (b) on the

moon (c) falling from a plane.

9. If a car is traveliing at steady speed are there any
forces on the car?

10. Four people standing on different parts of the earth

drop a ball at the same time, where will the balléffall?

11. What forces act on a ball after a person throws it?




What forces are on a ball as a persoh drops it from
What causes a rolling ball to come to a stop on a
Which would be hard to stop, a truck full of coal or an
Why is a car travelling at 80 km/hr harder to stop
than one travelling at 50 km/hr?

One large ball is allowed to fall at the same time

as a smaller ball. Which hits the ground first?

A charged comb will pick up bits of paper. How does
What will happen when a magnet is brought close to a

What happens when two like poles of a magnet are

What happens when a magnet is brought up close to

(i) wood, (ii) copper (iii) rubber (iv) iron (v) plastic.

What do you think a lump of salt is made up of?
What are the particles doing in a glass of water?
What are particles like in the air we breathe?

Why is it easier to see through air than through

What happens to a drop in ink when it is put in water?

12.
a building?
13.
bench top?
14,
empty truck?
15.
16.
17.
this happen?
18.
pin?
-19.
brought close together?
20.
Set Nature of Particles
la.
b.
c.
d.
water?
2.
3.

Why does a sugar cube disappear when you put it in

water?



What happens to the particles of sugar when you

put sugar into water?

When sugar is put into water and stired, why does
the sugar disappear fairly quickly?

Why does sugar disappear more quickly in hot water?
If you could magnify the particles in a jar of water
so you could see them what would they be doing?

If condies crystals were dropped in water, what

When a vitamin C tablet is put in water, bubbles
form and rise to the surface, how does this happen?

What causes bubbles from boiling water to rise to the
How come you can smell a person wearing perfume when
When you put a pumped up ball out in the cold air it
goes down a bit, How does this happen?

If a bowl of water is left outside on a warm day,

If a jar half full of water has glad wrap covering it

what happens to the area above the water when the jar

5.
6.
7.
8.
would happen?
9.
10.
surface?
11.
they walk into a room?
12,
13.
what happens to it?
14.
is put in a warm room?
Set C Radiant Energy
la.

If you are looking at a candle burning in a dark room

how far does the light travel?



1b.

1o0.

11.

12.

If someone turns on the light what happens to what
you can see of the candle?

Suppose you put the candle room 100 m away how well
would you be able to see the candle?

How are you able to see the T.V. in a room?

How are you able to see the giow of a heater bar?
Where does the light come from when you see yourself
in the mirror?

Why are you not able to see a projector beam before
it hits the screen. What about in a smoking room?
How are we able to "see" a shadow?

When we hold a ball up to a light so that it casts
a shadow, how is it that the shadow is round?

When a stick is placed in water it appears bent, how
come?

When white light shines through a red filter what
happens to the light?

How are we able to see a jersey as green when light
shines on to it?

If red light shines onto a green jersey what colour
would you expect it to be?

How are we able to see that tree over there?
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PRETEST PAPERS

Test A - Forces,
Test B - Nature of Parhcles.

Test ¢ ~ Rachant Energy.




TEST A SCIENCE T DEAS FORCES

These Fue s 12818 belew ask whal ysoe Fowik absnl some
Ideas w soence, T i /m’;vmfwz‘ Har you 0 answer
each guesteon 17 oty _oen T A al b LS ged cont
PUSH PULLAND GROVITY FORCES '

L Acar /i /d/A edl on a s/eomg road with the hand brake
on. I1 s wol” weving

Q) Zraw arrows on the car to show
which way forces are achig.
T you Himk Hhere are 1o érmaoz%y

write Mo Ferees uunder #e cliagram,

b) Are There any feres actmg on the brakes ”
which way do”they act?

2. A person 1s Tryimg fo push the car, bl e car /s
ot movigg. The “ergie t$ nol gomy and e handlrake

/6 on.
bush

Q). Ave there any ferces actmg en the Cor?
whch way are they actajp ?

b) Are there any  forces ac %1517 on e p@rgﬁﬂ?

lohich way are %/tgy achng:



3. A person is 5//7/@ o a bike D
out vot /%&/d////?f. THe bike ﬁ
18 slowilg_Aswn 0 DA

~

Q) dre there any Forces en the bike” /7 ges,
(Dlohich way are they actmy 7

(i) What are they due fo 7

#, A souce craft /s e/l /%Wé;é e saace Wty
178 ‘engimes  switched eff, The \Craft s iraweiing 7o
the leFt and 1s nol gﬂem///gy b o s/ Ao

U<

a)from the apot i the midile, Araw arrews fo show cohat
forees you think are present on e calt IF e
ink there are no ferees ac g Write no FoRcEs
under the diagram .

b) IF you //z/’ﬂ/( Mere are  forces actng %/a/aw whal
causes Wew.

A Jdﬂz chutist 1s 7%//{7? towwands e

car .
a)what forces are acimg en the parachupst?
b)ohat causes Hese ferces to act’




- - A fcld gun fres a shell.
///“3/”@”- Deccribe what forces

Field gun, , :
g g you think are acting on:-
a) the shell as it Fhes +hreugh

the air ?

b) the gun as the shell s fired.

/. A person /é,j/{/é///zé? on a shae. The pictares show
what 1s hageeniny at three cifferent fmes. The gues hens
are about Hickon between the person and the sie,
N
N\

(1) Commg decon the (i) coming dloton the (iii) pot meving on
sl Tast and slide s/pw/ﬁ ancl the slide.
qething faster. steadily.

Q) In which of the pictires above would Here be fiectaon

b) Tn which picrare weald yon o
(i) excpect  there fo be f/gd/ggf Grctuon?
N4 gfzm thik they have Ythe same ficton put'"same’)

a whg.

. - . . . 7
@ ;g)d ?@% af&a/d ot aupect thewe fo be least frrcton:

B Woes granity act ema pesen who 15—
a)éméwy ]ZW e wpof i Caesor )

b) swimmipy ander later | }
) q sky dwer faling from a plane




Q. Iy the z%//o//z//hf s/7uahens, decide m which directien

He forces are 5/’6&/7‘@57‘. Here we are interested i
Oﬂg those ferces fo the left or rig Q1 NoT e or dlocor)

(If you think these forces are egual /0&/7‘ equal )

Travelling al a eéteacly spe f -
Grea%egf Fm’ce b H)G-* 50 k//orr?efé‘rs per hoqg r ed o

Giplam why —

Traveling aTa steadyspeed of
Greatest force fo the- 80 kz‘/on/vqefers per hoZr.P eed o

ﬁ&/i/d/r‘z why :

Greatest force to the- (ar 15 epeediny up(getng
Geplam Why faster). : —
Greatest force to the | Car s slowmg Hown (conting
laptons Why oa stop)

10. fmag/ﬂe w pesple s1anding on oprosie pla A
the f/%, bach persen /27 ﬂ&/ﬂ’/g/d feﬁgzg(ZE//,drmﬂ
Co—temiskal-—— A %dcij{g e same Fine cach person
lete the tennis balls go.

Draw arrows ffom  each versons ball
fo show which way they bl 7al. 7




11 Al ball 15 thrown o the arand follows the path
10 the diagram, Draw arrows from the pomt at he.
center ot e ball showiy which ferees g Hhink
are on it yohilert is |
@) in postton a, ds i1 Hhrown)
@ / wards.

(b) 1 posiiein b, as [/7'7; Z/f 72@; fop of

/fg/ © © p&;/ﬁaﬁ c,as itis g0 deeen,
| |

12. A tennis ball is drepped Gom a windew ot a second
story of a beilding. |
(@Wres the ball ravel as tast at e or 1ig
I);//, ht as 1t Aoes at the bp;?‘om 7 e
B L onat cauges if o tall 7

() @ Is therea force due fo gravity on the ball.-
() as it ts held ? | () as it 15 allowed fo fall?

(©) If ametal  ball is dropped would ysu expect any ditfereaes
In ite fravel compared jrth He femnis ball ? wkat o#ffwem’eé’,:)

B3 A ball i roling aleng a Aal table. It slews
wwn. and sisps af Xf _

«(((@ >
o) What do /M{ fhok couses it fo stop i

0T Here oy Bree on it as it comes to g s/oap.?



W Look alt He trucks belew,
Doth are gomg at uo /c/bme/%éw hocir:

-

\J/ \/ NS N/
EMPTY TRUCK TRUCK FILLED (wITIt CORL.

Which taack woald be harder  fo stop?(TF you thunk
there would be no ditference say Ho d//%gfféﬁfé)

b) Caplamn yoar answer alere.

15" Lookal the cars belbw,

——— —_—

—_—

Car(a) trowelling af (’ar(b) fravelling ar
60 Kilometers per/u%tr kLo Kilometers per hoar,

() Which car wenld be harder fo stop?
(1) Say whg frov chese your amswer abeve,

le, Two balls are allewed /0 zll at the same tme:
small a) (/01’1 C[/] one U)'f f’ ﬂ{é Wﬂd ﬁfjfp
Q say whg

b) it fo
o e B A

Yy



OTHER FOKCES

17 1 comb whidh i ravbed on a /Wf@ il prk o
ceme small preces of paper.

(&@@« a) Why do you ik Hius W/W?

o

CA_ D

18 A magnel has a fome Giold aroand it When it is km{fﬁ
{ee o a /ﬂ/ﬁ |
) What will hegpon fo te pr 7

b)/(//g/ a e thonk A pmt velrved WW it abd 7

19 Say whal ysu Hoik will haypen when e nagners
J ﬂ/e@;%/&f V4 @!/M/ W cacl siation

be/ow.

a) s N[N S|
a%g?

b) S N S N
wohy?

e) [N ) s N
Why?

R0. A Strong magnel is brought wp clese wagnet—y
fo the //&‘W/{/f WMZ %éZj/ﬁe z/

%/@W /:(97/ gd&h Qaég@ge ﬂg/M ?ubsmnce

¥ whal will hagpen. |
(@) Humininn \(b) teod .~ \(©) copper. (@) plaste.\@) iron,




TBST B SCENCE IDEAS. MNATURE OF PARTICLES

e quies fions below, ask what yout yiunk abou] some (Heas i Siaieg |
LH 11 fant MWLW rolonswer eadh guecteon in procr £ar?
[ s ”WM . Wd%{ bestas gou can

[ Al substmees are offen /%/OW/A/‘ of as ée///(y MrAe
w/zﬂﬂ/ Wy /Mﬁa/g; 7 2o 003

Q) Write dewn or draw What-sou Himk He parrieles
we lihe 11 4 sold sachas & <calt crystal which

has a s@% [ke s —>

b) Writedswn ov Araw what o |
Ak e portles are dewfy | water
lghid suchas water m a ol
onlamer. NI

Hiik  the perhicles are domyi ina
WS such as e ar we
Yreathe

o) Wiy is 11 easter fo see W%% aiv Han W/é water?

C) Write down ov dvaw aﬂmzyw



2 - Suppese a jar of water has 4 drop. of blue 1k

placed i it:
a) What weuld hagpen fo the drep|  o—
of ik atter a long fme T 1 ater

ink

b) (%0,9 lan étﬂig'.

¢) What would e the difference i e ink wac
droped into hot water?

d) MW/?

3 . lohen gou place sugar i water it scems to dicamear after
a /mdg{ Fune o

3

4 Wwen Sugar 1S dissolved m waler e pmheles nakigy
w“po the 94 ar seems to disappear: [hat haypens o The

%WV I cles”

5 hen fue water 5 Styred the sugar dssolves wtone
easify. W{/MJ fls hayyen ?

L [0hen cupar is put iifo ot water it disolves mere
Wzo/é\/y.ﬁ{ m/? this hegpen ”



7 . Twagine wewt able o see
a jav efwaler with a v ey .
Jar —>

IZ e'tt] magnitior so mf@ water
/

(ot see HZ water 1 hin °
detadd.

Inside He cwele —»

osite araw what you Finesreie fol
Tile 116 10 tor aroild b enlargec,
like when Mdyﬁ/%z/ ffm/?/
& ., Condies cxysz‘a/g when dropred i Wwater make 1t
7 parple. What causes Hle water fo hecome
W/‘%f /74////&7

q . Whent 4. itamm C ‘el g /M‘ W warer W
Duhlles cun be seen commy o1F M rablers.
a)Wlt wo W Hnk e ZZ%/% are e 577

b) 50/%%0 fﬂ% nse to e sartace {
10 . When water boils, babbles term ond yise fo the

suriace.,
Q) What ane e babbles made of 7

b)/%ﬂwdoim/m% Hhey wrm ?



It .when a person walks info a reem and 15 wearmg
per fime,, yod sonje fimes can smell Fhe pertume arier
the persen has left.

(a)
,%’f% you lgz/lf?/e o éme// fle pertim on #e person atten she cones

(0) Why does the perfume reman affe: fe persen has [err-

12 T¥ you blew wpa ot ball so thal if was Hoht and
/)m‘ if eutside when it was veny cord,
() What wewld you expect fo hagpen 1o fhe foghinecs of
e ball while it 15 curside?

(b) Yacplain g answer abeve,

13 . Ifa bowl of water is Jeft sufside enawarm day i-
(&) What well happon |

(0 tinder what toncutiéns wil any changes (dlescibed above)
ocur fastest?

(© Goplair

. Suppose a 1ar which 1's hal¥ ailed a4 adl
4&%%/ 1% 5(9(/ fetely sealed svey watt (> Biop,
a prece of Jlod wip. U jir 15 i @ warn oo, e

o) what 1s in déea (1) 7
b) IF the jar 15 gently heated what will happen o :-
c)aveq 05}? d)the water level 7



. TBsTC SCIENCE TDPEAS, RKAVIANT ENERGY
The quies feors  felow ask

heal” 7o Honke vbonl SO sciene 1oy
Ttis importent Yial you fry to‘onswer

éﬂfﬁ ucstion in ey swn werds as besC
l

prose

Iy

\

\

. )
AL wATching a condle ’é: 2}
%fw%y% davk /}907/::% — o )

o) Oraw arrows on the picrare above fo show wiat Yu UK hogpens 7‘0‘/7(/@’5//}
What is it Hat allows yor fo see the lpht 7

) How fav does e ljht fravel ?

s ' & of e .
G o T o o

[ 4

o) Suppose some comes wito the reom and  Swfches e electnc
/y/f'z%m, What hipp ens fv/ Hie //yéé trom e anale new?

Qe oy feok M wndle sutside at nikt and pat iF
swt on a4 box, Hent walked to oty sty of
a held — (1eom

) and loked at e condlle . Tiere
1o Wind. %

/s

GOWhat hoppens fo fe /ﬁ/tf bom He candle  now?

(i) o Wf will it be o W‘7
(o, %f/m W answer abere.



®@ Suppese yrou pue M%ch/jf
What 15 i that a//ows you 10 see The /fln"

(B Suppose you ane 1ir a rsomt Wi a heater gfsw o,
What is it thal allows geuto see He gt trom #e heater 2 |

a)/()he/e dves e /z{hz‘ come

@ WW /190 g af We/f
‘n /ﬁe /ﬁ///’&f l ?
from, so ﬁfz%( con ‘see {/w/z,e/fp

b)ﬁ()ﬁm‘% pens )‘0 /ﬁé Laht Gem He mirrsr so
(o se¢ W@/ ﬁ% W

@Wﬁ@ﬂd éédl/ﬁ ﬁf'[ f/li 7rom g ///({/6@/497‘-
SHmes on to a gcteer SO W?‘ﬁ«%c can see a

//&W
QWhy is the beam ﬂm‘ﬂh/e fo be seen i a clear peemt
745% it Wik fle scieen”?

b)é(f/% ot the beam he seen, ina roem fllof smoke ?

C) Howw ane yeo able fo see %e //&M on the scleen
even #ﬁe/myeo%&/ /s pehiiff W



© Ita teof ball ii heldibont of 4 /ﬁ'ﬁf gh?, secy;

as a fabke lamo, a tizzy chad sw adperrs o Hy
wall MMZ?O 7

a)/(/hf 18 e shadsw /%/%7

b) When weld He shadow Ke 6/%7

() Whena ball is held ap i tie pathe o a fph!
such as a fable lamp a4 shaclsw wWlicht has fhe ‘e
out-fine as o b srppens on Ao wall,

ball

@

.

)

Table lamp.

— 5
o) Why 15 fle shadlow much Ae same shape as 1% bale

b)M%ﬁ‘ He area () davker thew He rest of ke lall 7

OWhy s e oneal) ot jet black bat a prey colear?

When part of  a shik ik placed i warter
the stk seems to hend when Jook
asewn ento it: Wiy does it seeito bend? \X




@ Hardviany white ﬁ%/ /5 shone  Hirouih o
ved Hiltey (Gloh as red coleewed glacs).- wlite
a) What kagpens as it passes 7

recl
ffiter

o) Fplasin sy ¥ belhares Heway of does !

©. T ordi W%%g W shimes onto a
15, Wi d/? 50/011/&0%6% The jersey appear
%OW lookmg at (12

b) @W w@ W gave oty an ey above.

(D ved 1/ é%[ trem a red coleured plass plare) Is
9%‘1’18 on d@/ggﬁz, what colour wbuid

fle yeisey a///m/ G
0, %f/m ystly onswer g beve.
2ec

$ D Draw a or lmes fo
6{/@ g “ ¢ ZZW /41(;31/3(%{ m’m/{; e
erson, 13 able fo see

ﬁ the free

(») L here does the light cone from 7
© Gacplain how 1l /(ﬁh-}gefs info He persens eyes.




Appendix III

This shows four examples of the main kinds of answers
given by students and the approximate % response. This

method was used to form the.basis for the Final Test Paper.

PRETEST ON FORCES

1. A car is parked on a sloping road with the hand brake

on. It is not moving.

(a) Draw arrows on the car to show which way forces are
acting. If you think there are no forces acting write
'~ NO FORCES under the diagram.

summary of main answers and

% responses

/

2076

107

;; ‘ ‘ 5%

5%

All others 6%



PRETEST ON NATURE OF PARTICLES

I

2. Suppose a jar of water has a drop of blue ink placed
in it.
(a) What would happen to the drop

of ink after a long time?
- make its way to the bottom (22%)

— InK

—— water.

- it would spread out and turn the water blue (24%)

- would spread out (slowly) over the top (15%)

- would spread out over the bottom (10%)

- would spread out evenly through the water (23%)

- other answers (6%)

PRETEST ON RADIANT ENERGY

12. (a) Draw arrows or lines to

show how you think the

person is able to see
the tree.
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DIAGNOSTIC TEST OF PHYSICAL SCIENCE
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1. TEST DESCRIPTION

A. Purpose and Functions of the Test

This diagnostic test has been constructed to provide
information about how well 3rd form science students understand
basic aspects of three physical science topics commonly taught
in New Zealand schools. The topics for which this test has

been prepared are Forces, Nature of Particles and Radiant

Energy.

The test should be used to assist teachers to determine

basic misunderstandings (and misconceptions) the students
have before these topics are taught. It must be emphasized
that this is not a conventional achievement test. The teacher
should focus on what the student thinks is the correct answer
rather than what the correct answer actually is, even though
scores and mean scores of the number correct are reported.
If teachers use the best in this way then it is possible to
get a clearer idea of how much (or how little) the studentg
understand these topics and thus know what teaching approach
they should take.

A Local Norm Group has been tested and a statistical
analysis made of their results. This information about the
test is provided so that a comparison can be made between the
results from the Local Norm Group and

(i) individual schools

(ii) individual classes

(iii) individual students.



The analysis for the Local Norm Group is listed below:

(a) mean number of questions correct

(b) standard deviation

(c) a summary of total percentage responses on each

student answer

(d) a summary of each subtopic grouping of questions.

The answer sheet is also designed in such a way that
a teacher after marking, can make a quick visual appraisal of
each student's performance on the overall test and each
subtopic grouping. However if a teacher wishes to provide
a mean score or standard deviation, a calculator would be
necessary. To produce all information from a to d it may be
necessary to use the computer programme provided (see appendix

).

Please.note: The programme written for this test can
be used in a school for any test, particularly if it is used
across a complete form level. The programme will perform
the same analysis and correlations used to complete the

analysis for this test.

B. " Subjects The Test Is Intended For

The test can be sat by any students who have not been
taught any of the Physical Science topics listed above.
However for valid comparisons to be made between a teachers
class and the Local Norm Group then it is best to have form
three students sitting the test at the beginning of the year

before they have been taught any substantial material. It



is the ideas that students bring with them to their form
three classes which should be identified rather than a test

of how much they can remember of what they have been taught.

2. TEST CONSTRUCTION

The test was constructed in three phases:
(A) Development of open-ended questions.
(B) Pre-testing open-ended questions.

(C) Final test preparation.

A. Development of Open-Ended Questions

In order to work out the appropriate wording and level
of questions a series of open-ended questions was written.
An outline set of questions was prepared and a number of
students were interviewed where they were asked the questions
orally. This way unclear wording could be improved, and the
correct level of difficulty of questions could be determined.
From this a set of open-ended questions were written into
‘three booklets, one for each topic. Many of these questions
were adapted from the Learning In Science Project Working
Papers and the Learning in Science Book (Osborne and Freyberg

1985).

B. " Pretesting the Open-Ended Questions

A sample of approximately 100 representative form
three students were asked to write in their answers to the
guestions. This group was taken from; above average,

average and below average classes. The students were



encouraged to write what they thought might be the correct
answers, even if they were unsure. They were also asked to
use language they were familiar with or draw what they

thought where appropriate.

C. Final Test Preparation

Using the information from the pretest described
above, questions were selected to make up the final test.
Where 80% or more students gave the correct answers, these
questions were not used, as 1t appeared the students had
no real difficulty understanding the idea behind the
question. Also questions which students had difficulty
reading were either not used or reworded to make it easier
to follow.

Most of the questions are of the multichoice type
where the students select one answer from the four alter-
natives offered. There are a total of 36 questions, 29
are multichoice type, four are true or false type and three
are Yes or No type questions. Where approériate, particularly
on multichoice items, the possible answers (altérnatives)
were written using the same wording or the same diagramic
ideas that the students used in their pretest answers.

The questions were separated into 9 subtopics and a
number of questions allocated to each subtopic. These are
summarised in Table 1.

The separation of subtopics is more clearly

represented in the answer sheet than in the test booklet



Table 1. Summary of Subtopic Test Questions
Topic Subtopic Question Nos. Description
Forces (i) Forces in motion 1-4 Circumstances when forces exist.
(ii) Forces on a moving car 5-8 Existence of forces when speeds
are steady and changing.
(1ii) PFriction 9-10 Static and moving Friction.
(iv) Force of gravity 11-13 Circumstances when gravity forces
are present.
(v) Force on a moving ball 14-18 Direction and extent of gravity
forces on a falling ball.
Nature of (i) Particles 19-23 Characteristics of particles in
Particles different states.
(ii) Particles in gases 24-28 Characteristics of particles in
gases.
Radiant (i) Light Rays 29-33 Presence of light rays in different
Energy circumstances.
(ii) Colour 34-36 Circumstances of colour formation




(see Appendix I). This breakdown in the answer sheet is for
the convenience of the teacher, whereas the test booklet is
simply a set of 36 questions which the students work through.
However each of the questions are grouped together in the

appropriate subtopics (see Table 1).

3. TEST ADMINISTRATION AND MARKING

Introduction

In order to get the best possible responses from the
students it is important that they:
(i) Be familiar with multichoice type gquestions.
(ii) Have a room which is as quiet as possible to
write the test.
Some of the questions require considerable concentration and
a room with as little disturbance as possible is important.
(iii) Be allowed as much time as they wish to finish
the test.
(It should take no more than one hour even with limited
ability students).
(iv) Should sit the test in the morning if possible

when the students are likely to be more fresh.

(a) " Introducing the test

It is important to explain to students what the teacher
is trying to find out from this test. As it is a diagnostic
test the students need to understand that they must try to

answer each question as well as they can and not leave any




blanks., They should do this even though they feel they may
not know the correct answer. It must be emphasized again

that the test is designed to see what they think about each

question.

(b) " Distributing materials and explanation

The students should receive a test booklet together
with an answer sheet. They should put their name in the
left hand box, leaving the other blank. In order to help
familiarize students with the questions (particularly the
multichoice ones) and the layout of the answer sheet, it is
most important to go through the two sample questions at the
start of the main test.

They should put a cross'under the letter which they
think is the correct answer. Remind them not to write in the
extreme right hand series of boxes as they are for the teacher
to score each topic. TIf they wiéh to change a choice they
have made then they should shade in that box and make another

choice.

(c) Running of the test

The student should all begin the test at the same time
and they have as much time as they wish to finish. The
lowest ability student should take no more than three quarters

of an hour to complete the test.



(a) Marking the test

A marking schedule is supplied for the teacher. The
teacher should cut out the squares (below the letters which
correspond to the correct answers) and use the master as a
stensil overlay. It is advisable to cut out the name square
and the "total” square so that the student's score can be
recorded easily. Many teachers find making an overhead
transparency an advantage as the student's answer sheet can
be seen easily underneath. This way it is possible to check
quickly if more than one response has been marked.

The answer sheet has been made up go that each group
of questions are arranged in a row. The rows correspond to the
~groups of questions made into topics listed in table 1 (Pg 4).
This way the teacher marking the test can get a subtotal
for each topic (as well as the overall total) so that a
comparison can be made between each student. This can be
done fairly gquickly by casting one's eye down a pile of
answer sheetswhich are sitting on top of each other and the
right hand side topic boxes exposed. To get more detailed
information it would be necessary to use a calculator or the
computer programme to determine such things as mean, standard
deviation, percentage responses, and compare the class

results with the Local Norm Group tested.

4. USING THE RESULTS

A. Formation of Local Norm Group

A cross section of ten schools from Christchurch made

up a Local Norm Group. This comprised students from;



co—-educational schools, state single sex schools and separate
(private) schools. The classes chosen were high ability,
average and limited ability groups. There were 438 students
used to make up the Local Norm Group. Each of these students
were tested in February 1987.

A similar group was tested in December 1986. The
purpose of this was to see if there were differences in
performance between this group (having been taught a full
year course) and the Local Norm Group (before they had been
taught any substantial high school science). This was
done to give an indication of how much growth in their
understanding had occurred in the course of their form three
year.

The analysis performed for the Local Norm Group is
listed below:

(1) lean score.

(2) Standard deviation.

(3) % response on each answer and hence their main

misunderstan@ings.

(4) % response on each topic.

In addition the following analysis was performed:
(5) Split-half reliability for the whole group.
(6) Various tes£ scores from the Local Norm Group
were correlated with those of TOSCA.
Also a separate representative 3rd form group from one high
school (outside the Local Norm Group) sat the test in
February 1987. Their scores were correlated with the

following:



(ii)
(iii)
(iv)

(v)

10.

TOSCA.

PAT Mathematics.

PAT Reading Comprehension.
Internal Science Reference Test.

Re Test.

This group comprised 73 students and made up three classes.

These classes were from below average, average and above

average levels within the school.
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USING THE RESULTS AND TECHNICAL INFORMATION

As stated before the primary aim of this test is to
indicate to teachers the students' misunderstandings about
the three physical science topics in question. It can also
show how much the students do understand (by how many guestions
they get correct) and provides an opportunity for teachers
to compare their class and individual student performances

with the Local Norm Group (L.N.G.).

" Steps to Take After Marking the Test

The information below summarizes the steps which can
be taken in order to make full use of the results of the
test to interpret the students' performance, particularly

what misunderstandings they have .

—
. Technical
Type of Result Steps to take Instructions
1. Raw Scores Individual raw scores can be com- | mean of LNG
(a) Individual pared with the mean score of the 13.9
L.N.G. (39% correct)
(b) Class mean The class mean score can be
: calculated and compared with the
L.N.G. '
(c) School mean | This can be calculated and com-
pared with the L.N.G.
(d) Standard | Calculating the standard TTSTD. of LNG
deviation deviation of the class and/or = 3.8
whole school would need a
calculator. The results can
be compared with the L.N.G.
2. Multi-choice
answers
(a) 1Individual | Individual responses on each See the print-
responses question can be compared with the| out of the
% response by L.N.G. responses
below.
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Table 2: Analysis of Multichoice Answers for the Local

Norm Group.
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Explanation

From the analysis above major misunderstandings can
be indentified. The asterix indicates the correct answer and
the figures under each option (A to D) are the percentage
response that the L.N.G. gave for each alternative. Column
E represents those who did not answer anything, or who
selected more than one answer.
For example:
(a) Question 1; 10% of the LNG sample chose A

65

oo

of the sample chose B

11

oe

chose C etc.

This pattern indicates that B 1s a major misunder-

standing.

(b) Question 19; because 23% chose A and 39% chose D

then this wouid indicate that there are two areas of major
misunderstanding.

The "Disc Fact" column shows the extent to which
the question discriminated between the upper quarter and
the lower quarter. The closer the figure is to one, the
more the question discriminates between the two quarters.

The "Diff Fact" column shows the degree of difficulty

indicated for the L.N.G. The closer the figure is to 1 the

easier the question was.
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Type of Result

Steps to Take

Technical
Instructions

2., Multi-choice

simple task to turn those sub-
totals into a percentage. This can
be compared with the overall per-
centage correct for the L.N.G.

answers.
(b) Class It is possible to work out the class| See the print-
responses | percentage on each response man- out of the
ually. By asking all students to responses
show their hands (for each option above.
chosen) and listing this number
the percentage response can be
calculated.

(¢) Whole This again can be done manually. See the print-
School However it may be more desirable out of the
responses| to use the computor programme where responses

all the individual responses have above.,
to be loaded and the programme will

print the percentage responses

(plus all the other information)
automatically. Details of the

programme are included in the

enclosure at the back of the

teachers' manual.

’ Technical
Type of Result Steps to Take Instructions
3. Subtopic

analysis

(a) Individual By using the answer sheet and See the
counting the scores on each section following
the teacher can record the student's | table.
performance on each of the sub-
topics. The total correct can be
recorded in the right hand column
on the answer sheet and it is a
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Table 3: Summary by subtopics: Percentage correct for L.N.G.

for each group of questions.

Subtopics Question Numbers L.N.G. Percentage
correct on all ltems
Forces in motion 1l to 4 28
Forces on a moving car 5 to 8 45
Friction 9 to 10 31
Force of Gravity 11 to 13 57
Force on a moving ball 14 to 18 35
Particles 19 to 23 25
Particles in gases 24 to 28 44
Light rays v 29 to 33 41
Colour 34 to 36 49
'Explanatioh

From the table above it can be seen that for the
subtopic "Forces in motion" 28% of the Local Norm Group had
all those questions correct. This means that just over one
quarter had a clear understanding of all the ideas about
"Forces in Motion" which were in the test.

For the subtopic "Force of Gravity" 57% managed to
~get all those questions correct. This means that just over a
half had a clear understanding about "Gravity Forces" (as

it relates to those questions in the test).
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By comparing the individual classes (or schools)
performance with the LNG performance it is possible to see
if the class in question is as typical in the understanding as

the LNG is.

Type of Result Steps to Take ‘ Technical
Instructions

3. Subtopic
analysis

(b) Class Results | This can be obtained manually, by See the table
asking individuals in class how above

many they got correct in each sub-
topic and calculating the

percentage for the class. Using

the computer programme and loading
each student's response will result
in this information being listed
automatically.

(c) School Results| Unless it is more convenient to get
each teacher to collect their class
results and combine each teacher
together, than it is best to use the
computer programme for this.

OTHER INFORMATION

Comparison with 1986

Table 4: Mean scores and standard deviation of 1986 sample and

L.N.C.
L.N.G. (Feb. 1987) L.N.G. (Nov. 1986)
Mean score 13.9 (39% correct) 15 (42% correct)
sS.D. 3.8 4.1

Table 4 shows there is some increase in mean score between the
two year groups tested. As the 1986 sample were tested at the
end of their form three school year it would seem that teaching

has had some effect on improving their performance. However
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in terms of the questions answered the improvement has been
slight and the mean score is still below half marks. This
would indicate that there is little change in their
understanding of the topics questioned in the test during

the form three course.

1. Reliability

Reliability is the consistency with which this test
is measuring the understandings assessed in these topics.
It is an indication of how "dependable" the test is.
Statistically it is expressed as a correlation coefficient
and it gives an estimate of the stability of what the
test is trying to measure.

Reliability (correlation) coefficients are expressed
as a range frbm 0.00 (zero relationship) to 1.00 (perfect
relationship). The closer the reliability coefficient is
to 1.00 the more dependable the test results may be said to
be.

The method that was used to estimate internal
consistency was test-retest relaibility, using a High School
group which was separate from the L.N.G. This group was
fairly representative of form three students as they had a
mean TOSCA score of 32.6 compared with the score of 35.4 on
the equivalent sample used in standardizing TOSCA. Exactly
the same test was rerun approximately five days later with
the same group. The correlation of the results of the

second run with those of the first run was 0.62.



18.

This means the students are responding to the questions
in much the same way on the second test. However it compares
poorly with say TOSCA test-retest reliability correlation
which is from .90 - .92 with the different forms. The
reasons for the difference is more than likely due to the
fact that there is a greater guessing factor, reflected
particularly where there is an even distribution of
percentage responses on each alternative answer. This is
because students have found these questions difficult and
were instructed to respond whenever possible. Where there
have been high percentage responses on some alternative
answers this means there is a major misunderstanding which
students have opted for. These factors together probably

contribute to a rather low correlation.

" VALIDITY

Validity can be assessed by providing information
which shows the extent to which the test measures adequately
the aspects it was designed to measure. Some aspects are

judgmental and others are statistical.

(1)  Face wvalidity (judgmental)

The test seems to have reasonable face validity.
Five practising teachers went over the test carefully to
determine if it was measuring the misunderstanding it was
supposed to measure. Suggestions were made by those

teachers and they were written in to the final test format.
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(2) Content validity (judgmental)

The test was divided up into subtopics (see table 1)
according to the areas which have traditionally caused
problems with students understanding. These were allocated
a limited number of questions which asked about these areas
from slightly different viewpoints.

This strategy was designed to get a range of responses,
which have been grouped as the total percentage correct for

each subtopic.

(3) Predictive Validity (Statistical)

This is not possible to determine at present.

(4) " Concurrent Validity (Statistical)

Concurrent validity involves the relationship of the
test with other criterion-related measures. Validity in this
situatioh is expressed as a correlation coefficient with the
other test. This gives an estimate of whether or not the
test is measuring aspects which the other test is also

measuring.

Correlation with Other Tests

The separate High School groups' results were
correlated with TOSCA, PAT mathematics, PAT comprehension

and internal science reference test.
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Table 5: Correlations with Four Tests Taken by Separate Form Three

Group.
Diagnostic | TOSCA | PAT Maths PAT Science Re~Test
Test Read Comp. Reference
Mean 13.0 32.6 20.8 28.7 18.4 13.0
SD 3.6 _13.4 10.3 15.4 6.2 4.1
T - 0.60 0.60 0.63 0.58 0.62

Generally these correlations should be higher, particularly
with the science reference test used in the school. It

seems that the upper limited for correlations with other tests
is set by the relaibility correlation. This reflects the

kind of test that it is, in that students are not selecting
their choices in a totally consistent way. This probably
indicates that they are either selecting the alternatives in

a haphazard way by guessing or they are drawn to the answers
which seem logical to them. Probably students are doing both

throughout the test.

" Conclusion

Because the scores on the Local Norm Group are rather
low it would indicate that:

(a) the test is very difficult for most students

(b) the test did show that students had a number

of misunderstandings in various subtopics for the three
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physical science topics being tested. It is the misunder-

standings which are of greatest value to the teacher.



A‘vpenohic T

PHYSICAL SCIENCE IDEAS

INSTRUCTIONS

. The questions below ask what you think about some ideas
in science. It is important that you try to answer each
question as well as you can.

SAMPLE QUESTIONS
Read these sample questions first and check on your answer

sheet to see how to answer them.

sl The planet which is closest to the sun is:

(a) Mexcury (b) The Moon (c) Mars (d) Neptune

S2 What is the biggest animal on earth?

(a). an elephant (b) a Lion {(c) a sperm whale
(d) a cow.

DO NOT BEGIN UNTIL YOUR TEACHER TELLS YOU TO.

1. A car is parked on a sloping road with
the hand brake on. It is not moving.
Which of the following best shows
the direction of forces on the car?

@) (b)

Reaction force from the Force pointing down the
road up is equal and slope.

opposite to the force
due to gravity down.

© @)
There are no forces of any
P”—,,4V

kind as the car is not mov1ng.
Force pointing up the

slope.




A person is trying to push
the car, but the car is not
moving. The engine is not
going and the hand brake is

on, Which of the following best

between the car and the gerson?

shows the direction of forces

@) o (®)

Force pointing forwards

o

Force pointing backwards.

©)

—>

Force from the car is
equal to the force from

@)

No forces, as the car is not moving.

the person.

3. A space craft is travelling

no gravity and no friction.

craft is not speeding up or
the left

rocket
mmm off

mmmm

no force

steady

[

Its engine is switched off.

through deep space where there is

The

slowing down and is travelling to

P

speed n a slrmghl Ime

HTEE T

Which of the following best shows the forces on the craft?»

@)

-«—

Force point to the left.

(®

“r—_jl

Forces point to the left and
down.

©

Forces point in all directions.

()

No forces are on the craft.




A person is sitting on a bike

but not pedalling.
is slowing down.

The bike

Which of the following best shows the direction of the

forces on the bike which affect its motion onlx?

(@)

Force points to the left.

(b)

Force points to the right.

©

—

The force to the left is
bigger. :

(@)

No forceson the bike.




The information below is for the next 4. questions.

The diagrams below show a car travelling in 4 different

situations.

You have to mark (T) for true or (F) for false, if you

think each statement is correct or not.

STATEMENT

SITUATION

The force to the left (&) is
greater than the force to the
right (—% ).

Travelling at a steady speed

of 50 kilometres per hour.

All the forces left and right
are equal.

Travelling at a steady speed
of 80 kilometres per hour.

The force to the left (€—) is
greater than the force to the
right (—$ ).

Car is sEeeding'ug (getting
faster).

AT,

All the forces left and right
are equal.

Car is slowing down (coming
to a stBETT_—i-___
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The information below is for the next 2 questions.

A person is playing on a slide. The pictures show"
what is happening at three different ‘times. The questions
are about friction between the person and the slide.

(i

coming down the coming down ‘the -
slide fast and getting slide slowly and steadily.
faster.

T % -

The person is holding the sides
of the slide. 1

In which of the pictures above would there be friction?

(a) (i) only. (b) (i) and (ii) (c¢) (iii) only
(d) all 3 pictures.

In which picture would you expect greatest friction?

(a) (1) (b) (ii) (c) (iii) (d) all 3 pictures have
the same friction.

annOVﬂ?
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12.

13.

The information below is for the next 3 questions.

Put a (¥) for yes or (N) for no, for each of the following
situations.

Is there»gravity acting on a person standing on the moon?
Is there gravity acting on a person swimming under water?
Is there gravity acting on a sky diver falling from a plane?

(Turn over)

g



;
i
|
|

The information below is for the next 3 quesﬁions.

ot N

A ball is thrown in the air - ~
g \
and follows the path in the /’ '
' G
diagram. F4 Y

14.

&

. Which best shows the direction of forces
f on the ball in the position opposite?

15,

16

(a) /

() ‘1

Forces due to gravity and

Force in direction of
throw .

Force in direction of
flight friction .
(¢) L (ay

No forces on the ball at all.

Which best shows the direction of forces

(c) e

Force due to friction
only.

d
/7 on the ball in the position opposite?
/
/
(a) =P (b)
Force in direction of Forcesdue to gravity and
flight friction .
(d)

No forces on the ball at all.

- ~~

Which best shows the direction of forces
on the ball in the posiﬁion opposite?

(a) L

Force in direction of
£light.

(b)
Forcesdue to gravity and friction.

(c)
Force due to friction
only. : ‘

(a) o
No forces on the ball at all.
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18.

The information below is for the next 2 questions.

A tennis ball is dropped from a window on the second storey

of a building.

What effect does gravity
have on the force on the
ball as it falls?

(a)
(b}
(c)

(@)

The person does the experiment
a second time. This time she
drops 2 balls which are the %
same size. One is made of lead:

the other made of wood,‘whiéh'

is very smooth. They are dropped

@ —— =~

It becomes greater because the ball gets faster.
It becomes less and is zero when the ball hits the ground.

It remains much the same as the ball falls.

It is greater at first then decreases steadily.

at exactly the same time.
The metal ball: '

(a)
(b)

(c)

@

Falls at the same speed as the wooden ball.

Falls faster then the wooden ball because thereis more
force on it.

Falls more slowly than the wooden ball because its heavier.
Falls more slowly at first, then speeds up and travels
faster than the wooden ball.



PARTICLES

All materials are thought of as being made up of tiny particles.

o (] ° °
o o

o o o

e.g. o o o
o o o] Jor;
water
/
/

Imagine the particles above to
be making up water in a jar.

P
Lo

Asmall sechon

- highly magnified.

19. Which of the following best shows the arrangement of particles
in the enlarged section.

(a) (b) (c)

a

TR B —
Eof Z o0y goo
K o oé‘? oooc?o
:;OFOO{,; © oo

particles mixed | regular stacking | moving over

3 \ Lo gaps between
in with liquid and vibrating. each other

the particles.

20. Sdppose a person blows up a balloon.
All the particles in the balloon can
be thought of as being like this
(enlarged) .

‘ Asmall section
What is in the area between the

enlarged.
particles?
%
) (a) air
} (b) Moisture from the person's breath

(c) nothing
(d) oxygen.



10.

21. Suppose a jar of water has a drop of

blue ink placed in it.

Which diagram shows what would

happen to the ink after a long U ink,

time. water.
(a) | (b) (e) (@)

[ ]
sink to bottom spread out on spread out spread out
stay as a drop bottom everywhere over surface
. ‘ evenly
22. When a sugar cube is dissolved in a

cup of very hot water the particles i;ﬁ???fgg;a

making up the sugar seem to disappear.

What

(a)

(b)

(c)

happens to the particles?

The individual sugar particles break down into smaller pieces
and can't be seen.

The sugar particles break off the sugar cube and as

single particles can't be seen.

The sugar particles spread out over the bottom of the cup

so thinly they can't be seen.

(d) The sugar particles move into the water particles and

eventually become water particles themselves.
23. When sugar is put into hot water it
dissolves more quickly than in cold /
water. Why does this happen?
i

(a) The heat melts the sugar particles.

(b) The sugar particles are attracted to the water particles
more because they are hot.

(c) The water particles are moving faster and so collide with
the sugar particles more quickly.

(d) The heat rises from the bottom and causes the sugar

particles to rise also.



24.

The information below is for the next 2 questions.

bubbles .
When water has been boiling for a long .
W ——
time, bubbles are produced at the bottom »
and rise to the surface.
burneyr
flome

What are the bubbles mainly made of?

(a) hot air (b) oxygen {(c) water vapour {d) carbon dioxide.

How do you think the bubbles above form?

(a) Many particles of the same kind join together to make a
‘big particle which rises to the surface.

(b) The water turns into a gas where the heat is applied.

(c¢) The air in the water is heated, forms into bubbles and
rises to the surface.

(d) The particles grow too big and rise to the surface.

26.

Suppose you pump a football so that it is
hard,and‘put it outside when the weather
was very cold.

What would you expect to happen to the

ball while it is outside?

(a) It would become soft because the air particles inside would
move closer together.
(b) It would become soft because the air particles move
apart slightly. ‘
(c) It would become harder because the air particles would
move closer together.
(d) It would become harder because the air particles would
move apart slightly. ‘



27.

28.

12.

The information below is for the next 2 questions

Suppose a jar which is half filled with Ve

X
water is completely sealed over with a piece / glad

of glad wrap. The jar is in a fjif/iigf;,,/f’/ wrap
VOLUME X water |

What is in volume x?

(a)
(b)
(c)
(a)

Jar ——

air only

water vapour only

water vapour and air

a vacuum {(nothing in area x).

What will happen to volume x as the jar is placed on a

hot element and heated.

(a)

(b)
(c)
{d)

The total number of particles in this area will

increase.
The total number of particles in this area will decrease.

The volume will become-smaller.
The particles in x will be absorbed into the water.

(Tum over) (
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A
:’q|\‘:
Radiant Energy
Suppose a person is standing a o
short distance from a tree, looking ,{h)
at it. Which of the diagrams best ?/{‘“3
shows how the person is able to see ’5
the treez ‘]0[} ﬁ
The arrows represent light rays. '
iy, wie,
(a) 10 (b) 308

(e) /,5’ (d) | 38
f"}}s/// ????7!
i ¢ X

Use the information below to answer the next 2 questions.

Two people are looking at a candle in a dark room. Jane is
sitting 1 metre from the candle, and Peter is sitting 3 metres
from the candle.

Peter. ‘ Jane, .
\" qrﬁ‘ o ”%
< 3m >€—|m >

How much light would you expect Peter to get compared with Jane?
(a) Less light than Jane as the light spreads out.
(b) The same amount of light as Jane as the light is much

the same everywhere. |
(¢} More light than Jane as some light bounces off the walls.
(d) None, as the light only travels as far as Jane.



31.

A person comes into the room and

switches the electric light on.
What happens to the light from
the candle now?

(a)
(b)
(c)
(d)

14.

[] éww

The
The
The
The

liqht given off by the
light given off by the
light given off by the
person would hardly be

candle is weakened.

candle is made stronger.
candle is not changed.

able to see the candle

because the strong electric light would make it hard

to - see.

(furn over)



15,

32. Suppose a person is sitting

and watching T.V. There is a
light on in the room. [:::]

Which of the following best shows the pathway of the light
so that the person can see what's on the screen? (The arrows
represent the light rays).

(a) (b)

o
.

A\Y l,.
W

(c) (d)

33, A'beam of light from a projector shines on to a screen so
that a person can see the picture from the side

progector.

Why is the beam not able to be seen in a clear room until it
hits the screen?

(a) There is nothing in the air for the beam to reflect off.

(b) The beam is so strong it passes through the air easily.

(c) The beam is very small until it hits the screen so can't
be seen.

(d) "Because there is as much light in the room as the projector
produces’so it doesn't show up at all.



34.

35.

36.

16.

If ordinary white light is ‘ ted filter

shone through a red filter l%ﬁbde Y
(such as red coloured

cellophane or glass) red —
light passes out the other side. ﬁ?ﬁt

Why does red light pass out?

(a) As the white light goes through the filter it adds red
- colour to the white light.
(b) All the colours in white light are removed by the filter
except red.
(c) Because the red light is reflected back along the rays.
(d) The white light is removed by the filter and the red
light bounces off the walls behind.

If white light shines onto a pure green jersey, what colour
would the jersey appear to you looking at it?

(a) white (b) black (c) green (d) grey.

If pure red light only shines on to a pure green jersey
what colour would the jersey appear to you looking at it?

(a) white (b) black (c) green (d) red.

FINISH
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