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0BJECTIVE AND CONTINUOUS ASSESSMENT OF
STUDENT PERFORMANCE IN THE PHYSlCS LAEQRATORY

I. INTRODUCTION . . . .
The laboratory has'long been used in science jnstruction to involve
. studentsin concrete experiences nith objects and concepts.

With the advance-of hew'curricuTa in the 60's.and 70's.which stress

L4

« the process of.sc1ence and emphasize the development of higher cognitive
. v
sk1113 the,]aboratory has acquired a central ro]e Some science educators .

even went as far as regar;hng the 1aboratory as'"... not Just as a place for

]

demonstration and c0nf1rmat1on but rather as the core of t _be sc1ence 1earn1ng
g

‘process”  (Shulman and Tamir, 1973). 0nce the.centrah role of the 1aboratory

in science ﬁhstruction is recognized, the problem of assessment of student.

berformanée in the 1abbratory pecomes one of the utmost importance. _
Y [y
Types of assessment of laboratory work T

@

Severa] different sty]esﬁof assessment of student laboratory skills have
been utilized. The more common §ty1e is hased on written ev1dence, namely
' written reports or items on paper an pencil tests- (Kruglak, 1958, Grobman,
1970, Dordn, 1978, G1dd1ngs and Héfstein, 1980, Lunetta et al, 1981). ‘
However, since pract1ca1 work involves ab111t1es, both manual and intellectual,
— which are in eome measure distinct from those used in non pract1ca1 work
(Kelly and L1ster, 1960), the assessment of students dur1ng practical sessions
' ~’Fshou1d not be overTooEed This argument is also supported by research,
evidence. It has been shown that the corre]ation between students’ achievement
" in practical tests ano their achievement based on written evidence is rather

-

fow: (Robinson, 1969,'BucN1ey,1970, Tamir, 1972, Ben Zvi et al., 1977).
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Thus, there is a need-t6 deve]op speCial measures to assess not only what

the student knows about the laboratory but a]so what he actua]]y does in

- s

the laboratory. ) . s ’ .

Manual skills and resourcefu]ness in dealing with an experiment need to be

hY

—_— _ +

assessed in an actua1 1aboratory s1tuation Practical examinations were ':
used in several research studies by Tamir (1974) in:biology, and by Fg]en '
and Kempa (]974)0and Ben-Zvi et a] (1977)'in chemistry. These'practical
examinations utilized systematic observations hased on a list of specific "y
criteria, as opposed to an open ended, subiective«type'assessment,‘mhich

is very common amongst teachers and examiners.

" During the schoo] year, even those teachers who emp]oy practical work
b}

-as part of their teaching, tend to stay away from practica1 'examinations .

since their imp1ementation is.time consuming and difficult. Pmactical

-

examinations are also in use by severa] Boards of Examination’and in final

examinations in severa] countries (e.g. A-level practical examinations in

the U.K. and the matriculation in Israel). In these examinations, students

are usually examined by external examiners &nd not by their own Eeachers.

Such examinations suffer. from several drawbacks: p
~

. In many cases differéent examiners use different criteria to assess

‘e

2\ .
b. They are limited to those experiments that can be readily administered to

-

student performance

.students during a limited time period. This obviously restricts)both the
scope and validity of the assessment. A
c. Since such examinations are difficult to implement they Cannot be i

“

conducted very often, Consequently the e]ement of chance is ,rather

dominant. This obViously increases anxieSy on behalf of the student.

- I
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d. Because of administrative constraints, practical examinations*will often

. - [N
=

be administered to a large group of students simu]taneous]y. Consequent]y;

; the examiner will not be able to concentrate on observ1ng each student
~ . L' 'y
‘. systematically,’ and w111 have to rely in his assessment on the resu]ts of :

—the experTment—and—on”the'wr1tten—reports ) -

Y

>

In an attempt to overcome these drawbacks, there has been in recent years

» M

a movement towards 1mp1ementat1on of continuous assessment by the teacher in

normal 1aboratory sess1ons

Th1s has been. formalized to some degree in the:

"United Kingdom (University pf Londdn, 1977, J.M.B., 1979). In»this.system of

. contindous assessment the teacher unobtrusively observes each student during

normal lab act1v1t1es and rates him or her on spec1f1c criteria. The assess-

.

& ments can be recorded for each student after observations over an extended

"+ period of t1me Norma]]y only a few students will be carefu]]y observed and

5

' rated during'each activity. - .
/ i Continuous assessment on several occasions throughout the year is necessary\'.

M

to adequate]y'coyer the variety of- tasks and skills which comprise a total C

3

y v, N o

program of practical work.

-

)

Purpose of Stuc{y ‘ ' . T

The present study was undertaken'-in order to _develop and implement an

. instrunent for the assessment of the perfortance of hjgggschoo] students in’
. A .?%.?&.

the physi%s 1aboratpry, in a continubus manner. Onceegﬂch‘an instrument was

ava11ab1e and was be1ng used,” we wanted to find out whether 1ts use does :,

“ ) 1ndeed improve "the assessment of students by the1r teachers By improvement

. we mean an ifjcrease in Qrec1s1on, in the sense of ach1ew1ng a better consensus
.o . . Q * . w

amongst teaghers when evaluating @ particular student. Secondly, we hoped
* . IS

"« to increaSe their objectivity, when assessing differemt students who may differ '

in their abilities in various components’ of the performance in the physics

7 laboratory. Clearly, in such a situation, the personal preferences and biases
. N . . . - ~

&
L4




IT.

emphas1ze d1ffe ent components in their assessngntﬁ By conv1nc1ng all teachers\

“ to use the same criteria, one expects to increase thé obJect1v1ty of their

assessment. - »
N\ N ' i

RESEARCH METHOD , ' S B

M v
~

Population . . -

150 physics teachegs in Israéli high schooﬁs (grades 9-12) were contacted

-

“and asked to participate in the exgeniment. A11 were-experienced teachers,

Who have taught physics “in high“school for a number of years and performed
part of their instruction in the Aaboratory. About half of these teachers
agfeed to participate and out of those 25 were randomly chosen. These

eonstitute& the group with which this project was undertaken.

v

Y ,4‘
‘Research Instruments
] _3 A ~ [ .
a. Video .Films and students' reports L ~o

\
[ -
-

As a pre11m1nary stage, 1t was necessary to create a s1tuat1on 1n which
:" all the part1c1pants would be‘able to observe and assess the same
3 1aboratory exerc1ses, performed by 'the same_ students. In considering the .
L var1ous poss1b111t1es to ach1eve this -aim, we tried to sat1sfy the
fo}ﬂow1ng criteria as closely as- poss1b1e‘
1) 14ent1ca1 cond;tIon‘fon the assessment (i.e. all teachers should
- watch the pertorﬁance of the same student performing a 1ab exercise)
" (2) Good conditions. for assessment (every teacher should be able to watch

2

" the student c]ose]y) : . | ’ .

R

,(3) “Natura]" cond1t1ons (the student should work in an environment 'similar

to thatrof‘a regular lab session in school).-




/ We.therefore chose to make video films, in each of which a student was

shown while oerforming a physics experiment in a'schood_laboratory all by

|
é
‘0
i
4

- himself. This: does not fully simulate the sitlation in school, where

* . ) . .
/‘ St ~
- x . . * -

students normally work in pairs or even 1n larger groups, but except for!
that, this method was. adequate w1th regard to our requirements. Three suth
f11ms were made. The experiments were taken from the regular physics course

(Physics Experiment for H1gh School 1975) taught in Israeli high schools
. = o>
., (junior and sen1or years). We chose exper1ments with which a11 teachers
t

were familiar, and wh1ch conta1n many. elements which need to”be assessed.

1]

The students' teachers were consulted;Lso that each of the students performed
an experiment he had not done before but for which he had the necessary
* ) " théoretical preparat1on Each student received the re]evant phys1cs text
'book and the.lab guide wh1ch deschbes the ‘expériment and eXp1a1ns what .he
was expected to do All the equ1pment necessary.was availtab}e on ‘the bench,
> and a teacher was on hand to answer any, questions he wa\ted to ask be}ore
* he started to‘work. The student was asked to taJk while working and explain
what he was doing, much in the same manner as he would talk to his partners

~ ' N . M \

in a regular”lab session in school.

After_performing: the experiment and recording his data, the student was -
asked to write a lab report. These reports, in the students' handwriting,
were photographed and later used by the teachers in their assessment.,

b. Assessment Scheme

The central part of the 1nv§s¢:gat1on cons1sted of testing the use of a

common 1ist of-cr1ter1a for assessment by all the teachers

We surveyed the 11terature for s1m11ar 11sts, both in phys1cs and in _
other natura] sc1ences (Mathews, ‘1969, Tam1r and Glassman, 1971, J.M.B. 1975).
. o
A quest1onna1re was distributed amongst Phys1cs.teachers 1n~Israe1 and in it

they were asked for ‘their opinions about the 1mportance of var1ous”components

Q . . e

7
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" Procedure

"'6"' . \ (.

;.

of' the work in the physicsx}aboratory.'
" . . /

After analyzing the anSwers rece%ved we interviewed a selected group

P

of exper1enced teachers and d1scussed the op1n1ons reflected in these

" answers. Ut11121ng all the above 1nformat1on a list was made up, which

consisted of the following five components:

1. Constructing the experimental set up and manipulative skills.

2. Observations and measurements. - .
"3, Ordered and organized work. b
. ‘ rganized ’ . ’\\
© 4. Organization and processing of data (inc]uding graphs) .-,

5. DraW1ng conclusions and cr1t1ca1 d1scuss1on

Under each of these five headings, there is a more detailed 1ist. which

»

contains the component-skills belonging to this heading. The detailed list

is given in Append1x‘1 . . ' ., *

Components 1, 2, 3 refer to practical skills, i.e. those wh1ch have to do
with manipulation and d1regt performance during the experiment. Under 4 and
5 are the cogni®ive-type skilistwhich connect the laboratory performance to

the theoretical thinking and drawing of conclusions, and depend on the |

.

. abi]jty to process information, digest'it and uttlize it in the 1earning

process.

. - - ' ,‘ )
The laboratory experience should combine all these e]ementg in order

to be a'wofthwhi]elactivity in the science teaching process, and it is
therefore imperative that all of them be’assessed.

>
) . . £
The teachers who participated in the project met twice. The first meeting
Al : ’ . . ' - v ’
consisted of two parts, First, the teachers watched two of the fi]ms- Before

&
watching d film, the participants received the instructions wh1ch wefe g1ven

to the studgnt whose performance they were about to watch. They were a]so

shown the equipment and apparatus used by the student in the exper1ment

s
, Tw

.8.

-
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l Aiter watching the film, each participant received a copy of the original 1ab

report submitted by the student in his handwritdng.' Each teacher mas asked
to assess the student's overall performance (the performance of the actual

experiment, and the lab report)-as he would usua11y do in h1s ‘everyday teaching.

" In what follows we shall refer to this grade as the grade in the "subJect1ve"

(S) assessment. - S -

In the second part of the ftrst'meeﬂing, the teachers received the check-
list we have deve]oped. 'The‘structure of this 1ist'and the method of its use
were exp]ained In order'to train them in the use of this instrument, the
teachers were then shown a third film, and given the student's lab report.

T ey were asked to assess the student's performance, this time using the 1ist:
Each of the‘teachers.was asked to start using the instrument in his regular
1aboratory 1essons J

During the four months fo]]ow1n; the first meet1ng, the teachers used
the list to assess their students' performance in’ the physics laboratory 1n‘
their schools.. . . - t /

At the end of this period, a second meeting took place, and 21 of the
25 teachers who started the prOJect took part. In this meeting the teachers

were_shown the same two fi]ms wh1ch they had seen in the first meeting; and

the same pre]iminary procedure was followed (i.e. they were given the instructions

[

for the student and could check the equipment he had used). After watch?ng
each film, they again received the lab report, and were asked to assess the .
student s performance This time, however, they were requested to use the .
1nstrument to wh1ch they were by now accustomed Each teacher mas asked to
assign five grades to the student, one grade for each o? the five components
of the Tist. Thé teachers were asked to state what we1ghts would be aﬂequate.
in their op1n10n for each component (1- 5) in the list. The average (over all

teachers) for each of the f1ve components- was computed and rounded off.

"

¢ . J
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Since there was, in general, good agreement between the teachers on this
po1nt we(%ons1dered use of the avérage to be the best choice. _The grade
-each of the students obtained in this manner, will be referred to as the

"objective" (0) grade.

At the énd of the project, the teachers wha participated were asked to ¢

express their opjnions about the use of the proposed assessment scheme in

¢

their physics teachimg.

. RESULTS AND DISCUSSION

-

As described in the previous section, the data collected and used in our

analysis can be summiarized as follows:

" Each of the 21 teachers gave a “subjective (S) grade, to student A and to

4

student B. Then, each teacher assigned 5 grades (07, 02, ey 05) to each

student, for the five coonnents.appear1ng in the 11st. The weighted average

A

of these constituted the "objective" (0) grade for -each student.
SN

In Table I, the means and standard deviations over all 21 teachers are

4

presented. . . e

Insert Table I about here *

These data will be discussed in reference to the objectives of our study.

) »
Increase in precision

t

¢« As already stated “we aim ‘for an 1mprovement in the-consensus among
teachErs when assess1ng the same student’ From the data in Table I it is

seen, that even though the change in the mean grade (from S to 0) is moderate, '
there is a substantial decrease in the standard deviations for both student A
and student B. '"horgan" tests (Morgan, 1939);shoWee this dechease to be
significant in both cases If wefteéard‘the mean as our best appreaiﬁation

for the "correct" grade, then more teachers came closer to grading the student

correctly in the objective mode of assessment. This improvement in precision

]
1 -

1 U;
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is undoubtedly due to the use of well.defined cyiteria by &11 the teachers,
— v -

- rather than grading the student éubjective]&_acgqrdiag to their own pfeferences.

Increase in Objectivity . T

o l‘t .
A second aspect of student assessment concerns pbjectivity. If a teacher |

¢considers in his assessment some.aspects of §tudentyperformance and disregards
gthgrs, he will obviously grade high{y a stud;nt who performs well in the
aspects he considers. Another student, who may even ggrform well in some
‘asﬁects this teashe[‘does not consider, will receive a 1pw grade, if pis
performance is weaker on the skills the téacher‘qug consider. .This situation
(or similar ones with different, combﬁnatiéns of studeht sgill vs. teacher
preferred aspects of performange) clearly occurd in classroom situations, in

N -
which teachers have to evaluate different students on different occa§ions.

By using a well defined Tist of qriter}a, every t;aqher is forced to
consider a]]laspects of student pgrformance whjch are included in the -1ist.
C]ear]y; some Feachers are more 1enient3thaq'others, but this 1gnien;y (o}

- lack of it) should manifest-itself.in all the aspécts which they assbss..
Hence, objectivity should manifest itself in tpat.the.gnades teachers give
to different students will be highly borrqla;éq.‘ Wg:ébmputed the correlation
(Pearson r) between the setd of scores obtainéh by student A and by student B, .
'.both for fhe subjective ($) and(fhe obz;E;TVe (0) modes of assessment.

= 0.11) while for the 0 scores

<

For the S scores Qe pbtained r= 0.36.
we*find r = 0.70 (p = 0.0004).

v These results are also clear from Figs. 1 and 2, where we plot each score
A T
received by student A vs. the score received by student B from the same teacher.
. - ~ ‘

-~

Insert Figures 1 and 2 about here

>
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The rgsu]ts coﬁfirm the hypothesis that by usiﬁg assessment schedules
which were based on ready made criteria, teachers wére forced pp asséss

students much more objectively: they assigned grades to each of the abilities

Al

s » » ) ) : y 3 .
- “which-should be considered, and consequently became much more consistent in

their overall assessment of studéQt achievement in the physics laboratory.

t
»

Teacher's Attitudes

When trying to introduce a neW‘asgessmént scheme into schools, teachers'
attitydes and their willingness to adopt it should not be overlooked. " I

: qﬁgef to eva]gate this aspecf a 16 item Lyké?t type questionnaire was . v
adminispergd to the 25 teachers who started this project. fn this questionnaire
thé teachers were asked to express their opinions;about the usqbi]ity of the
1i§t, whether they thoughtwit:helped them to arrive at a better -assessment of
their students, and whether they would continug us}ng ithin the future.

It was fodnd, that teachers agreed that the use of the list greatly imprdved
the quality of their assessment. However, the 4 teachers who’did'noy Eaké
part in the second part of the ex;eyiment‘(the objective aésessﬁent) did not
_use it in their ;1assrooms. They agreed that the iist EHould be-used in the
final practi§a1~examinqtions, to ensure precision and~objectivity;“bqt'they )
found jt difficult to use it continuously in their regular teaching in school.

We also interviewed all the teachers at the end of the project, and they
expressed'their opinions about the assessment scheme..:éope bf ghe-remarks
made by teachers during these interviews are gugied Be]ow: °

- "... presently, the criteria (for assesshment) are totally vague, and such

a 1ist is an absolute must..."

"~

- "... one single experiment and the impression of it (in the matriculation

examination) cannot come instead of continuous observations by the teacher

during the year"




-1 - ) ' a
Je ' . ,.

- . B >

- "... if in the first meeting (i.e. where the assessment was done subjectively,
without the’ 11st) there was such a wide d1str1but1on of grades, based on
all kinds of arguments, then the use of such a list shou]d be made compulsory..

- "... I had some difficulties using the 1ist, so .l posted it at the entrance

\ to the Tab. My students could read it and check which of the skills (in the

T list) is necessary in the experiment they were performing. I think this was

.

even more important than the grades I gave them at the end."

V. CONCLUSIONS =

+

-

. 3
For many years, science educators have recoghized, the 1mportance of the

laboratory in science teaching and 1earn1ng If one agrees that the 1aboratory

is a unique mode of 1nstruct1on, then the assessment of this mode’ shou]d not be

?;;3?1ooked both by teachers and by those involvedin teacher training. Assessment

»
T Y

of 1aborat§%} skills, which is based exclusively on written evidence’ will,
‘5necessarily neg]ect°those skills which manifest themselves during the actual

PO performance of the 1aboratory exercise. Even practical examinations have

”;Q; v . severe drawacks, if they are used on]y mh special occas1ons, such as 1n final

P

examinations. Furthermore, practical exam1nat1ons in wh1ch the assessment is

not based on clearly defined criteria are not very usef;}, since their outcome

will be greatly influenced by persgrial preferences and Biases of the particular ~
N . ' . i .
examiner.

1
1
We have tried out an assessment scheme which is based on a clearly defined ]

1ist of criteria. It{was found that by using this procedure, the essessment of ™

. laboratory performance was greatly improved, both in precision and in objectivity.
Furthermore, th;;/scheme is adequete for continuous assessment by the teache?'\\ 1

in his classrooft during the school,year,-and therefore offers a remedy to most

&7,

of the disadvantages discussed abgve.

N




.

Finally, we feel that those‘iﬁVo1ved in teacher trafhing should realize -

- v

:

that there is a needsto incorporate such methods of evaluation of student

performance in the laboratory into their training programs, so that €n the

future it will be used by the ?éachers as part of their physics instruction.

A
-*

\.ﬁ . Y o~

[

LR




v . > ¢ )
. ¢ ’
- ‘e
v . t “ 3
. ‘ - ACKNOWLEDGEMENTS , - . d .
¥
We wish to thank Batia Levi, Bat-Sheva Eylon and Yeti Salomon for
~ . LY
.8
their help in conducting the experiment and analyzing .the data. ’
< %'g% R . ‘u
- \ )"_‘—/_/e<
- - . .
g" o\“ . < ' .
o I % ' -
. ~ L )
- '\
: N
L}
A { - ~ -
(8 s //
i ']
?, N b i
. : ~ P




References,
o ) : 2

Ben-Zvi, R., Hofstein, A., Samuel, D. and Kempa, R.F. Modes of instruction

in hfﬁh school chemistry. Journal of Research in Science Teaching, 1977,
TS '

14, 433-439.
. “'.
Buckley, J.G. An investigation into the assessment of practical abilities in

6th form chemistry courseé, unpublished M.Sc. dissertation. The University
' 3 N

of East Anglia, 1970.

Doran. R.L. Assessing the,outcomes of sciehce laboratory activities.

L

Science Education, 1978, 62, -401-409.

Eglen, J.R. and Kempa, R.F. ‘stessing maﬁipu]ative skills in practiba] chemistry,

{

School Science Review, 1974, 56, 26]'2732

- i
Giddings, G. and Hofstein, A. Trends in the assessment of laboratory performance

'

in high school science instruction.” Australian Science Teacher Journat,:1980,

26, 57-64. . ' " ,
% . J -

Grobman, H. Developmental curriculum projects: decisiénggpints énd processes

Ttacg, I11inois, Peacock Publishers, Inc., 1970. . ~

-

J.M.B. (Joint Matriculation Board) «The internal assessment of practical skills
.in chemistry, Universities of Manchester, Leed§,°tive{p001; She?fie]d and

NB}rm%ngham, Jgnuary, 1979. .
Kelly, P.J. and Lister, R.E. Assessiﬁg practical ‘abilities in Nuffield A level

* — A v .
biology .in J.F.E. Eggelston and J.F. Kerr (Eds.) Studies in‘Assessmént,
London, English-Universities press, 1969.

Kruglak, H.‘ Evaluating laboratory instruction by the use‘of objectives type

tests. American Journal of Physics, 1958? 26, 31-32.

Lunetta, V.N., Hofstein, A. and Giddings, G.’ Evaluating science lapgratory.

The Science Teacher;, 1981, 48, 22-25, - ] ’

Mathews., J.C. The Nuffield A-level chemistry examinations, Education in

~ Chemistry, 1969, 6, 205-207.

e
N




‘\.,/““;

S

Morgan; W.A. A test for the significance df the differences between the two

variances in a sample from a normal bivariate population. Biometrika,

1939, 31,713-19. .- -

°

"Physics Experiments for Hidh School", Rehovot (Israel), The Weizmann

Institute of Science, Departmént of Science Teaching, 1975 (in Hebrew). '
ﬁobinson; J. Evaluating laboratory work in high school biology. American

Bipology Teather, 1969, 31, 236-240.

Shulman, L.S. and Tamir, P.. ZResearch on teaching in the natural sciences in

R:M,w. Travers (Ed:) Second Hand@ook.gf Research on Teaching. Chicago:
Rand McNally, 1973.
Tam{r, P. The practical mode - A distinct mode of pefformance in biology.

Journal of Bio]ogjéa] Education,_1972, 6, 175-182.

" Tamir, P. An inquiry-oriented laboratory examination. Journal of Educational’

N

‘Measurement, 1974, 11, 25-33.

faﬁir, P. and Glassman, F. A practical test for BSCS students: a progress

5

report. Journal of Research in Science Teaching, 1971, 8, 307-315.

University, of London, Notes and guidance and report. form for the optional.

(4

internal assessment of special studies, University of London, 19771

+

#

\ g




.

- App e'n,d ix 1.

ASSESSMENT LIST

. - ‘ .
1. thstructing,the experimental set-up and manipulative skills (15%)* ~
- — 4 |
- identifies the tomponents of an experimental set-up from a P j

Y 1

schematic diagram.

constructs the experimental set-up according to a scheme

,) . or to instructions.

uses the correct equipment for .each measurement or observation. |

overcomes simple malfunction of equipment. - | .

2.. Observations and measurements ' (25%) *

- reads the instruments correctly (scale,.parallax, etc.)

1

- performs observations and measurements correctly.

- ~ records the results (of observations and measurements) clearly.
3. Ordered and Organized Work | . | (10%)* ‘ |
! - arranges thé equipment on the begch i an orderly manne}. Q e 4
- keeps tidy and orderly ned@?ﬁs in the notebook.. . .
- - gbserve; safety regulations. - ] zl~
T ,~ completes the ﬁrescribed task in the time allotted.
| o - congentgqﬁg%&qn his work and dées not disturb his fellow students.'
—j ‘ 4. Organi;at}oniand.prbcessing,of data (including graphs) (25%)* {
. o . processés the reéu]ts of observations correctly. . ‘ ]
"r organizes tables of measured data efficienf!y and ctearly. . }
- records results of measurements with correct units'and\ , % ] |
significant digits. » S ' i
- constructs graphé correctly (scales, mark data points in ‘ !
/r) . coordinate system, best line through data points, ...) . |
' - obtains numerical values from graphs. i
y ) - chooses correct formulae ?orica]ch]ating,unknown variables.
18 0 :




- substitutes data correctly in formulae.

- perforﬁs computations correctly. .
‘ . 5. Drawing conclusions and Critica} discussion R (25%)* ' / i
. o - understands the objectives of an experiment, and the c&nnection o '?
,'f‘ | b between them>and the experimental procedure of its'pxecution. j
. ) - decides .how.many measurements are necessary in ord&r to find ) |
. _ . relations between variables.

A

- identifies the shqgsuof a graph and use it to find a functional
| dependence between variables.
LI . . .-

discovers and iden;ifies reasons f9r illogical results.

- identifies reasons for improper performance of an experimental -system, .
k ]
“\ - - understands the limitations of an experiment, and tr?gz'to/find ways
. for improvement. . ’ . Q( 1
} = formulates new assumptions ‘in view of experimental results.
. ‘ . . .
T * ' - . ) 7 - N
. ® n \ ’ M '
) . . ' . . . Y om /
! ' * percentage of the component in the total grade. - .
. ¥ . '3 i ’. - ] ‘ ~ N 1
4 ~
»’ ned " v ¢ ! .
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JABLE

I

.

Means and Standard Deviations

- of teachers' grades (N = 21) . v
' T .
' Student A Student B
" Average } std. Dev.]- Average| Std. Dev.
S | 7.60 ~1.23 * 7.0? 1-04 **
0.| 8.79 0.90 Z.Gd-\ 1.24
0, | 840 0.89 %05 | 0.92
.03 8.h2~ 0.91 7.?1 1.05
04 6.90 1.30 6.38 - 1.07
05 7.33 1.29 6.14 ) 1.01
o | "k | o1 x| 6.7 0.64 %
* Mbrg%n test': t=2.15 p = 0.02
*k Morgéé te;t : t= 3;94 “p = 0.003




> \ ‘
Figure Captions S v
/L_' . - ‘ ) N
grades received by student A versus grades received by

.

student B - subjective (S) assessment.

grades received by student A yersus’érades received by ®

student B - objective (0) assessment. - *
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