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Abstract: It has come to the attention of physics mstructors that the engineering students enrolled in
Malaysian universities do not possess sound conceptual understanding in basic electricity. Preconceptions
and misconceptions regarding this subject matter especially on the topic of parallel resistors have been seen
to exist amongst aspiring engineering degree students. Ironically, to date there are not many effective measures
taken to arrest this issue. In addition, the existence of appropriate instruments within the local mainstream to
measure these students’ conceptual understanding of the related topic of parallel resistors is insufficient.
Among the few claimed instrument was designed by Beh has been used to assess the students’ conceptual
understanding which has revealed some significant findings and led to some suggestions for the improvement
of the current electricity syllabus and teaching instructional methods. However, recent developments within
the Malaysian Tnstitution of Higher Learning in science education system, call for a re-validation and improved
measurement instrument. The aim of this research is to investigate the validity of this instrument, PCCUT _40-
Parallel Resistive Circuit test using Rasch analysis in measuring the conceptual understanding of engineering
students in institutions of higher learning m Malaysia on the topic of parallel resistors. The methods used are
by purposive sampling on recently enrolled engineering students. The instrument focused on the six main
domains which are “the meaning of parallel”, practical knowledge of “current”, “voltage”, “resistance”, followed
by “circuit comection” and finally “the mental model”. Data collected were analyzed using WINSTEPS version
3.71.0.1. The result shows that the instrument has ‘excellent’ item reliability of 0.94 logit, SE 0.33 and ‘good’ item
separation of 3.82 logit, SE 0.30. Quality control procedures have resulted in an item reduction from 40 to only
28 items, thereby producing a better instrument in measuring the students’ conceptual understanding of parallel
resistors, the new PCCUT 28,
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INTRODUCTION

Physics educators, particularly in Malaysia have
come to realize that engineering students in Malaysian
Institutions of Higher Learning (THL) do not have a sound
basic academic background in electricity. They held on
to the preconceptions and misconceptions that they
have acquired throughout their secondary schooling
days. Worst, these altemative conceptions were even
seen amongst the local final year students and fresh
young engineers. It seems that there were not enough
measures taken to overcome the issue of students” lack of
understanding in their academic subjects (MeDermott and
Shaffer, 1992, Metiow et af., 1996, Duit and von Rhoneck,
1998).

BACKGROUND OF STUDY

This gives a research motivation who is deeply
concerned on the students’ conceptual understanding on
the topic of electricity with focus on parallel circuit. It has
become obvious that there 1s a need for a method which
can assist academia m 1dentifying the students’ level of
understanding in basic electricity upon entrance into the
respective IHL’s. An effective method for this purpose
would be a valid mstrument which i1s able to assess
and facilitate academicians in resolving the issue of
incompetent engineering freshies in THL.. This instrument
would be able to identify the areas of difficulties faced by
the students. One such instrument that is available
locally was designed by Beh, PCCUT _40-Parallel Circuit
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Understanding test with 40 items (Beh, 2000). However, in
view of advances that took place in Malaysian education
system overtime, there 1s a need for the mstrument to be
re-validated and tested for its reliability to be assure
relevance for the current set of students. Hence, this
study was conducted to re-validate PCCUT _40.

Respondents: The samples for this research were
purposive where a selected group of engineering students
studying in a local Malaysian university was identified A
random group of 60 students of mixed ability from poor to
excellent from different engineering background and
genders were chosen. There were 42 males (70%) and 18
females (30%) with 31 majoring n Electrical Engmeering,
17 in Mechanical Engineering and 12 in Civil Engineering.

The instrument: PCCUT-40 was designed to test the
students” understanding on the topic of basic parallel
resistors. The mstrument was divided in to six sections
which basically are the major problems encountered by
most engineering students. The six sections are:

Section 1: meaning of the term parallel

Section 2: practical knowledge of current

Section 3: practical knowledge of voltage in parallel
cireuit

Section 4: practical knowledge of resistance

Section 5: practical knowledge of circuit connection:
parallel and series

Section 6: Mental Model

OVERVIEW OF RASCH MODEL

It 18 common practice for academicians to assess
students” ability on an examination or test by performing
calculations based on their correct responses and hence
producing total raw scores (Saidfudin et al., 2011). These
scores will provide the ranking order of the students who
took the examimation. A student who obtained 90% m an
examination ranks higher than those who achieved 70%
thus indicating that these scores are of ordinal data. Data
placed in ranking order are not linear but is of continuum
i nature. They do not have equal mtervals which 1s
necessary for statistical analysis. Hence, it must be put to
practice in reading the score of 90% as the odd of success
being 90:10. This type of data which is the ratio data
is  more appropriate purposes
(Stevens, 2010).

Ratio data has a distinguishing feature which is the

for measurement

possession of a non-arbitrary zero value. The Rasch
Measurement Model 1s a formulation that stipulates
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the relationship between a person and an item based on
a mutual latent trait. To be more precise, it is able to
predict the likelihood of a person of a given capability
to correctly respond to an item of a certain difficulty
level.

The probability of success depends on the difference
between the ability of the person and the difficulty of the
item (Bond and Fox, 2007). The Rasch Measurement
Model is based on two fundamental theorems which says
that:
* A person who 1s more capable has a greater
likelihood of correctly answering all the items given
An easier item is more likely to be answered correctly
by all persons

In other words, the Rasch Model assumes that the
item difficulty is the attribute that is influencing the
person responses while the person ability 1s the attribute
that 1s influencing the item difficulty estimates
(Linacre, 1998). Fit statistics by Rasch analysis enable the
researchers to see whether the data they are using is
feasible, specifically higher ability students should be
more likely to answer items of greater difficulty correctly
than the lower ability students (Bradley et af., 2007). Tt
the outfit and infit (mean square and
standardized values) of the persons and items.

According to Greene and Frantom (2002), the term fit
refers to “infit” (weighted by the distance between the
person position and item difficulty) and “outfit” (an
unweighted measure). If the data fit the Rasch Model
then the expected values of the mean square and the
standardized fit indices are 1.0 and 0.0, respectively. Most
of the times, outfit 1s more sensitive to extreme responses
compared to the infit.

Since, Rasch takes mnto account the relationship
between the person’s capability and item difficulty hence
it is desirable to look at the person fit as well as the item
fit. The person fit refers to an index which sigmfies
the responses of an mdividual. An irregular or erratic
response could be a sign of a misfit. Similarly, an item fit
refers to an index which implies the functionality of the
item. A misfit item means that the particular item 1s either
too difficult or too easy for the respondent or it could
mean that the item is not really testing on the desired
latent trait. There are means of checking for quality
control n rasch. In order to verify for fit and misfit items
or persons, the following criteria must be satisfied:

includes

Point measure correlation: 0.32<x=<0.8
Outfit mean square, 0.5<y<1.5
Outfit 7 standard, -2.0<Z<+2.0
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Method: The questionnaires of 40 items were administered
to the students and the data were collected. The analysis
of the data was done using rasch analysis Software
(WINSTEPS 3.71.0.1). The idea of the test is to investigate
on the mstrument construct and investigate whether all 40
items are required during the final conduct of the research.
This research carries all the necessary procedure m order
to test for construct validity.

OVERALL FINDINGS

The first part of the analysis looked at the instrument
fit to test whether the data obtained fit those that of the
Rasch Model. In order to do so the item outfit statistics
values were observed. The expected mean square value
was found to be at 0.92 which is very close to the
expected value of ‘17 and within the expected range of
0.5<x<1.5 while the outfit 7Z-standard value for normality
was found to be at -0.3, very closed to the expected value
of ‘zero” and witlhun the normality range of -2<Z<+2.
Hence, it can be said that the instrument has ‘excellent’ fit
with item reliability of 0.94 (Fisher, 2007). The high item
reliability of 0.94 indicates that the replicability of the
items could oceur 1if these items are to be given to another
sample of the same size. The instrument vields an item
separation of 3.82 which can be round of to 4 different
levels of item difficulty: very difficult, difficult, easy and
very easy. As for the item mean, it is set at 0.00 logit to
ensure that each student has a 50:50 chance of success n
responding to the item that matches their ability.

The Cronbach Alpha (KR-20) person raw score test
reliability was used to test for the internal consistency of

Table 1: Summary statistics for person and item

the respondents’ responses to all the items in a measure
(Sekaran, 2010). Tt was found that the Cronbach Alpha
value for this pilot test was found to be at 0.98 which 1s
considered as ‘excellent’ according to Fisher. This is
an indication of an excellent internal consistency of the
instrument in measuring the conceptual understanding
of the respondents n the topic of parallel resistors. The
summary statistics displays a person separation of 3.18.
Tt means that the instrument objectively separate the
students into 3 different heterogenecous profiling. As
suggested by Greene and Frantom, the measured persons
obtained are on a continuum rather than on a dichotomy.

The next part of analysis looked at the person mean.
Tt was found that the person mean for the pilot test was
found to be at -0.05 logit, SE = 0.30 which means that
these students have slight difficulty in understanding the
subject matter in general. To ensure that the person fit the
rasch model reasonably well, the data need to fulfil the
quality fit test The Pilot test indicates that the outfit
mean square value 1s at MNSQ = 0.99, 3D = 0.39 which 1s
very close to the expected value of 1’ and the person
Z-standard value 1s exactly at ‘0" which 1s to be expected
at the norm. Hence, it can be said that the persons or
respondents for this pilot test do fit the rasch model very
well. The above information can be extracted from
Table 1.

The person-item distribution map: Tt has been said that
the Person-Item Distribution Map (PIDM) is the heart of
analysis in the rasch measurement model. Figure 1
displays the distribution of the persons and the items
along a vertical ruler (dashed line) measured in logit. The

Infit Outfit
Surmnmary Total score Count Measure Model error MNSQ Z8TD MNSQ Z8TD
60 measured person
Mean 38.1 80.0 -0.05 0.30 1.00 -0.1 0.99 0.0
SD 12.1 0.0 1.05 0.02 0.23 1.5 0.39 1.1
Maximurme 64.0 80.0 2.39 0.36 1.60 3.6 1.99 29
Minimurme 17.0 80.0 -2.01 0.28 0.63 -3.0 0.48 -1.9
Real RMSE 0.31 True 8D 1.00 Separation 318 Person reliability 0.91
Model RMSE 0.30 True 8D 1.00 Separation 3.34 Person reliability 0.92
SE of person mean  0.14
36 measured item
Mean 29.4 60.0 0.00 0.33 0.97 -0.3 0.92 -0.3
SD 13.7 0.0 1.36 0.06 0.19 1.5 0.34 1.6
Maximurme 55.0 60.0 3.04 0.53 1.58 4.2 1.90 4.7
Minimurne 4.0 60.0 -2.85 0.29 0.65 -3.3 0.48 -3.2
Real RMSE 0.34 True SD 1.31 Separation 3.82 Item Reliability 0.94
Model RMSE 0.33 True SD 1.32 Separation 3.93 Item Reliability 0.94

SE of itern mean 0.23

Electric circuits_pilot test (summary stats) Mar. 25, 2011; Input: 60 person S0 itemn reported: 60 person 40 item 2cats winsteps3.71.0.1; Cronbach alpha
(KR-20) person raw score "Test” reliability: 0.98; Maximum extreme score: 4 item
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Electric circuits PILOT test person-item MAP Mar. 25, 201
reported: 60 person 40 item 2CATS winsteps 3.71.0.1
Map of person and item

Measure Measure
<MOre>==m—m————————m Person-+-Item ——————————- <rare>
4 + 73,75,77,79 4
3 29 3
T Difficulty gap
X
2 T+ 2531 2
X 33
X
27,45
X 21
1 XXXXXX S+ Difficulty gap
P § LTI R
| 43,47
1
X 1 g%, 57 Ttem
1 =
I 37.39.60.71 | et eros.(())r?
0 XXXXXXXXXX M+M 17,59 gitp
XXXXX | mean = -0.05
XXXXX : %% 41, 55, 67 logit
: 19
|
XXX 1 65
X o+
-1 XXXXXX S| 15 -1
XX 19
X 1S 61
XXXXX |
o
I 3,49
-2 X + -2
' : 11
I'T
| 1
-3 + 3
<lesg>——————m—————- Person-+-Item  —=————=—- <frequent>
Fig. 1: PIDM item deletion using Point Measure

Correlation (PMC), outfit mean square and Z-
standard

vertical dashed line represents the ordering of the persons
and items from less to best (bottom to top). The items are
situated on the left and arranged from the easiest (bottom)
to the most difficult (top). As for the persons, it can be
seen that the ordering goes from the less smart (bottom)
to the smartest (top of the vertical line). At the centre of
the vertical line is the letter “M” which denotes the
average of the mean for the item and the persons. The
letter “S” reflects one standard deviation away from the
mean while “T” indicates two standard deviations away
from the mean. In Rasch Model, the scale has been set to
zero for the item mean when the person’s has a 50:50
likelihood of answering successfully (Saidfudin et al.,
2011).

The items’ spread is about +7 logit while the persons’
ability stretches about +4 logit. This 1s an indication that
this instrument contains some items which are beyond the
current students” ability. As can be seen m Fig. 1, items
73, 75,77 and 79 are situated at extremely difficult level
with no respondents to the left of the map. Items 1 and 11
are situated at extremely easy level with no respondents
as well. The distance between item 29 and items 25 and 31
is quite large (about +1.0 logit) with no item in between.
However, there 1s a student situated on the right but with
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no item compatible to his/her ability. Therefore, there
might be a need to add an item there. According to
Baghaei (2008), mn order to perform a uniformly precise
measurement, the difficulty of the items should match the
ability of the persons and the items should be reasonably
spaced. Another obvious gap is between item 51 and 35.
Perhaps more items can be added in this region to obtain
amore precise estimate of the students” ability. As for the
set of students, it is obvious that there are vacant spaces
between them which mean that the instrument can even
cater to more students.

Item deletion: Figure 2 displays all the items in the order
of decreasing level of difficulty. There were 40 items
originally but the analysis indicated that there are four
extreme score items found These four are those entry
number 73, 75, 77 and 79. They can be elimmated since
they are not assessing the students’ understanding at all.
A Ingh stake test 1s a test with important outcome towards
the student who took it. As suggested by linacre and
bond, the cut off Point Measure Correlation (PMC) for
a high stake test 1s at 0.32 or rather the range is
0.32<x<0.80.

Point measure correlation is used to check that the
string of response do make sense and reflecting the
correct order of expected response. ITn other words, it is
use to check on response validity. Hence, any items that
do not meet these standards do not qualify to be in a high
stake test and can be discarded. The items that have been
identified not meeting the standards are identified in blue
in Fig. 2. It can be seery, all 10 items have the PMC values
out of the expected range. However, there are a few that
can be highlighted upon removal.

For instance, item 55 has a PMC of -0.09 logit. The
negative value gave an indication that there might be
some strange responses pattern occurring for this
item. An inspection on the scalogram confirmed this
assumption where majority of the smart students gave
incorrect responses to this easy item (-0.31 logit) while the
mediocre and weak students are those who were able to
provide the comrect answers. Hence, item 55 can be
discarded.

Another item to be discarded 1s item 29, a difficult
item (measure order +3.04 logit) where the PMC 1s +0.23.
An mspection of the scalogram confirmed the fact that the
4 students who answered correctly for item 29 were not
the bright students but rather the mediocre ones. The
other 2 items which are eligible for elimination are items 49
and 1. Both have low PMC values (+0.15 and +0.31,
respectively). The scalogram shows that the low PMC
value of item 49 was contributed by the mistakes done by
the bright students while the wealer students were the
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Electric circuits_ PILOT test

Input: 60 person 80 item

Reported: 60 person 40 item

ZOU383WS.TXT Mar. 25 21:59 2011
2 CATS WINSTEP 3.71.0.1

Person: Real SEP.: 3-18 REL.: .91...Item: Real SEP.: 3.48 REL.: .92

Item Statistice: Measure Order

| Infit | Outfit |
Entry Total Total Model PT-meas |

: number  Score Count Measure SE | MNSQ zSTD !MNSQ ZSTD| corre. | Item |

T T

| 73 0 60 5.76 :g;: Maximum measure : 0.00 0.00:I ES6_a M P |

| 75 0 60 5.76 gl Maximum measure | 0.00 0.0 | ES6 b M P |

| 71 0 60 5.76 183' Maximum measure | 0.00 0.00] | ES6_c M P |

| 79 0 60 5.76 0'53| Maximum measure | 0.00 0.00] | ES6_d M_P |

| 29 4 60 3.04 oyl 103 02] 076  -0.1] (0.23 023| | ZS2_Cl1_bA3_P |

| 25 9 60 00! 117 08] 1.02 02] (021 033 | ZS2_cl bAI P |

| 31 9 60 %) 0.92 03] 067 07] 042 033 ] US2.c2 cAl P |

| 33 T 60 77 036) 003 03] 072 -0.7] 044  036]| US2c2 cA2P |

| 27 13 60 0.34) 1 01 0.1] 083 041 040 038 | AS2cl bA2P |

| 45 13 60 0.34) " 0.95 02] 078 -06] 044 038 ] US3c VIV2P

| 21 14 60 41 033) .69 2.1) 049 201 067 039 ZSl_glb_pl P |

| 51 16 60 1.20 0.32) 127 1.7] 1.63 211 (013 041 | ZS4_q2_i P

| 35 19 60 0.90 0.31) 1.14 1.0) 131 141 {027 0.42| | KS2.c2 cA3 P |

| 43 21 60 0.301 .78 -1.8] 0.66 -191 064 0.43] | AS3.b VIV2 P

| 47 21 60 0.30] 1.08 06] 128 141 034 043]] US3_d VIV2 P

| 57 23 60 0300 127 20] 147 241 (018) 044] | 7S84 3ii P

| 23 24 60 0291 091 -0.7] 0.86 08l 0.53 0.44] | US2cl aP

| 53 25 60 029! 1.15 12] 126 151 fo30 045 | AS4_q2_ii_P

I 37 26 60 029! 084 -14) 084 .10l "O33 045] | KS3_a_VIV2_P

I 39 26 60 020 0.9 0.7] 092 05! 052 045) | AS3b_VIP

| 69 26 60 020! 0.65 33] 057 32l 0s 045] | ZS6_¢c P

I 71 26 60 029! 060 28] 061 28! 07 04s) | zsedrp

I 17 30 60 020! 0.83 5] 079 15l 060 045 | KSIlaco P

I 59 30 60 029! 1.05 05] 1.02 02! om 0.45] | AS5_aP

I 13 32 60 020! 0.82 -1.5) 0.77 a6l 060 04s] | KSI_laC7P

I 41 32 60 0_29: 0.69 3.0] 0.64 -2.7: 0.71 045] | AS3_b_V2_P

I 55 33 60 020 158 42] 1.90 47 044] | AS4 q3iP

I 67 33 60 0.29) 080 181 076 16 062 044] | ZS6bP

I 63 34 60 029 109 0.7] 1.08 05, 037 044] | 7S5cP

I 19 35 60 020) 102 02] 097 01 043 044 | ZS1 qlb_srs P

I 65 39 60 030] 074 23] 062 21 066 042 | ZS6.aP

I 15 42 60 031] o1 0.11 083 0.7) 043 0.40] | KSI la ct P

I 9 43 60 031) 088 0.9] 082 0.7 050 040] | KSI_lac8 P

I 61 45 60 o] 103 031 1.00 0.1 036 038 | AS5bP

I 7 48 60 oas) 095 02| 088 02] 039 035 | KSI_lac4 P

I 3 49 60 oagl 108 051 1.04 02 034] 7| KSI la c2 P

I 49 49 60 03l 116 08¢ 167> 1.6] |0.I5 0.34] | AS4 q1 P

I 5 50 60 > 085 071 062 09| 047 032 | KSI_lac3 P

| 1 54 60 037, 088 -03] 048  -09] 041  026] | KSI lac6 P

| 1 55 60 gi? 0.94 001 064 04 | KSI lacl P

| A8y : : : |

| Mean 26.5 60.0 0.57 048] 097 031 092 -0.3] [

| SD 157 0.0 2.16 045] 0.19 51 034 1.6] 8

Fig. 2: Ttem measure table

ones who answered them correctly. The Outfit Mean
Square (Outfit MNSQ) value of item 49 shows an
unexpected value of 1.67 which is not within the range of
0.5<y<1.5. Hence, it does not comply with the fit
behaviour. As for item 1, it can be discarded since it is an
extremely easy item (-2.85 logit) which 1s not really
assessing the students” ability.
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Ttems 25, 51, 57, 35, 53 and 3 are the other items
possessing PMC values not within the accepted
range of 0.32-0.80. They are eligible for elimination
but an investigation conducted on each item
proved otherwise. The removal of these items would
disrupt the content validity of the particular
section.
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Redundant measurement: The analysis done by Rasch
analysis has a mean of showing redundancy of items
in the result. As suggested by Greene and Frantom,
redundancy enables items reduction in order to reduce the
length of instrument. Raw score residual correlations are
used to detect dependency between pairs of items or
persons (Table 2). Yen (1984, 1993) suggested a small
positive adjustment to the correlation of size 1/(1.-1) where
I. is the test length. A large positive correlation would
mean local dependency.

Highly locally dependent items (Correlation=>0.7),
such as items entry number "31" and "33" share more
than half their "random” variance, suggesting that only
one of the two items 1s needed for measurement. Item
pairs due for consideration are those having large
standardised residual correlations such as items 31
and 33.

Ttems 39 and 43 are also scrutinized due to high
proximity of Residual Correlation to +0.7 (these values are
highlighted in the Fig. 2). An inspection on the PMC,
Outfit MNSQ and Outfit Z-Standard shows that these
items (items 31 and 33 and items 39 and 43) satisfy the
quality requirements and hence do not need to be
discarded.

Another form of redundancy can be seen from items
that have “same measure and same domain” (Fig. 2). Any
two or more items that have the same measure order and
also testing on the same domain are not allowed to
co-exist with each other since they are performing the
same task at the same difficulty level. To avoid the
redundancy, the item that has the lower quality (or lower
point measure correlation) needs to be eliminated from the
instrument.

In the case of item 25 and 31, both are displaying the
same measure of +2.04 logit. Both of them are testing on
two different conceptual understanding of electrical
current. Ttem 25 is asking the students to provide the
reading of the ammeters when one of the parallel resistors
is removed while item 31 needs the students to identify
the reading of the ammeter when a battery of similar
voltage is added parallel to the existing one. By rule of
thumb, item 25 which has the lower PMC of +0.21
compared to item 31 has to be discarded. However, an
earlier analysis has identified item 25 to be one of the
items to be retained due to its important contribution to
the content validity of section 2. Therefore, in this case
for items 31 and 25 are retained for the instrument.

The next pair of items that has same measure are
items 27 and 45. Both are at +1.52 logit but these 2 items
can be retained since item 27 is testing on electrical
current while item 45 is about electrical voltage. Hence,
there is no redundancy here. The situation is similar for
items 43 and 47 where both have the same measure order
at +0.72 logit. However, each of the items is testing
on different conceptual understanding of the electrical
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Table 2: Targest standardized residual correlations uvsed to identify
dependent items

Correlation Entry number item Entry number item

0.84 31 US2_circuit2 cAl P 33 US2_circuit2 cA2_P
0.71 39A83 b V1 P 43 AS3 b _VIV2_ P
0.56 15 KS1_la_circuit8 P 17 K81 _la circuit9 P
0.55 1KS1_la_circuitl P 11 K81 _la_ circuits P
0.54 25 ZS2_circuitl_bAl P 29 782 circuitl_bA3_P
0.52 41 AS3 b V2 P 43 AS3_b_VIV2_ P
0.47 7KS1_la_circuitd_P 1KS1_la_circuité P
0.43 49 AS4 ql P 53 AS4 q2 i P

0.41 43 AS3 b VIVZ P 45 US3 ¢ VIV2 P
-0.41 S5AS4qg3i P 09786 ¢ P

Largest standardized residual correlations used to identify dependent items

voltage. Item 43 requires the readings of the two
voltmeters when one of the parallel resistors is
disconnected while item 47 requires the reading of the
same voltmeters when the parallel resistors are replaced
by parallel capacitors. Since, this mstrument 1s testing on
the conceptual understanding of parallel resistors and not
on capacitors, it would be more appropriate that the item
47 which has a lower PMC of +0.34 than item 43 with PMC
at +0.64 to be discarded.

As for items 37, 39, 69 and 71 all four of them have
the same measure of +0.28 logit. A scrutiny of the measure
order table (Fig. 2) shows that items 69 and 71 are both
items related to the topic of mental models and in fact are
the same circuit, drawn mm a different mamner. It was
decided that item 71 1s to be retamned simce it is more
relevant to assess students’ capability compared to
item 69.

As for items 37 and 39, both are items testing on the
students” understanding of the electrical voltage. The one
that 1s not quality compliance needs to be taken out and
1n this case it would be item 39 since its PMC 1s only +0.52
compared to item 37 with +0.58 correlation value.

Another pair of items that needs scrutiny is items
17 and 59. Both have same measure at -0.06 logit.
However, each of them relates to different domain with
item 17 on parallel circuit diagram while item 59 on parallel
circuit connection. Therefore, both can be preserved.
Similarly, items 13 and 41 are also testing on two different
domains with item 13 testing on the combine diagram of
resistors while item 41 is testing on the electrical voltage.
Both items need not be taken out from the instrument but
1t has been identified earlier that item 41 displayed a misfit
behaviour where it did not comply with the normal
response range and had to be discarded.

Both items 55 and 67 have same measures at
-0.31 logit but they are not measuring the students’
understanding on the same domain. Ttem 55 is related to
the electrical resistance while item 67 1s on electrical
mental model. According to this requirement, none
should be discarded but item 55 has been identified
as a misfit item earlier due to its irregularity of responses
PMC = -0.09 and need to be taken out from this
instrument.
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The last pair of items that needs to be examined is
items 3 and 49 where both items have a measure order of
-1.86 logit. Ttem 3 is related to the parallel diagrams while
item 49 1s about the electrical resistance. Since, they are
measuring the students’ abilities on different domains,
hence they do not need to be discarded. On the other
hand, item 49 has been discarded earlier since it did not
comply to the quality control by having a low value of
PMC of +0.15 and a high Outfit MNSQ value of 1.67.

CONCLUSION

The results of analysis indicate that the person
distribution fairly matched the items that measured the
students’ conceptual understanding of parallel resistors.
In terms of refinements, several actions were conducted.
Some of the existing items which were identified as
“misfit” were eliminated in order to match the students’
capability. A few of the items which do not fulfil the
quality requirement were retained to ensure that the
content validity of that specific domain has not been
disrupted. In conclusion, the orignal PCCUT-40 test items
has been identified as having 12 “misfit” items which do
not fit the Rasch Measurement Model. The new validated
instrument version, PCCUT-28 now consists only 28 items
but having better measurement accuracy with smaller SE.
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