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Abstract

It has been a predicament of mankind to comfortably live in the wrong since the famous flat-earthers
theory and subsequent Ptolemic believe that the world is the centre of the universe. Despite such widely
accepted highly scholastic wrong Greek philosophies, the world does not collapse. Similarly in Engineering
Education (EE),  we have been doing the traditional academic achievement reporting the classical way
believing the number of A’s as a measurement of achievement and progress.  Such practise is only an
inference arising an observation made like the expansion of mercury due to heat energy obtained from the
surrounding. However, we need to define the quantum of one degrees centigrade; 1 o C before a scale can
be meaningful and become of good use. This paper describes a measurement model using Rasch Analysis
which provides better fundamentals of measurement to ascertain the subject LO of an engineering subject
quantitatively on a uni-dimensional ruler. The ruler serves as the measuring device; an instrument pre-
requisite to any measurement. The instrument construct is well founded using the odds of event over
expected outcome which give rise to a stochastic probabilistic theorem which is linearised hence the log-
odds  unit;  logit.  An  overview  of  the  measurement  model  and its  key  concepts  are  presented and its
application illustrated using the final exam paper given through KKKF1134 – Introduction to Engineering
as implemented in the Faculty of Engineering and Built Environment,  Universiti  Kebangsaan Malaysia
(UKM). The students performance output were assessed based on Students Observed Learning Outcomes
(SOLO) Taxonomy which gives an indication on the student achievement of the subject expected LO i.e.
Students’ Profiling. The study shows that Rasch model of measurement can classify grades into learning
outcomes more accurately especially in dealing with small number of sampling unit. 

Keywords: Learning  Outcomes,  instructional  objectives,  performance  assessment,  Quality,  continuous
improvement.

1. Introduction

Assessment  is  most effective when it  reflects
an understanding of learning as multidimensional,
integrated, and revealed in performance over time.
Learning is a complex process. It  entails not only
what students know but what they can do with what
they  know;  it  involves  not  only  knowledge  and
abilities  but  values,  attitudes,  and  habits  of  mind
that affect both academic success and performance
beyond  the  classroom.  Assessment  should  reflect
these understandings by employing a diverse array
of  methods,  including  those  that  call  for  actual
performance, using them over time so as to reveal
change,  growth,  and  increasing  degrees  of
integration.  Such  an  approach  aims  for  a  more
complete  and  accurate  picture  of  learning,  and

therefore firmer bases for improving our students'
educational experience [1].

A  good  assessment  recognizes  the  value  of
information for the process of improvement but to
be useful, information must be connected to issues
or  questions  that  people  really  care  about.  This
implies  assessment  approaches  that  produce
evidence  that  relevant  parties  will  find  credible,
suggestive, and applicable to decisions that need to
be made. It means thinking in advance about how
the information will  be used,  and  by whom. The
point of assessment is not to gather data and return
"results";  it  is  a  process  that  starts  with  the
questions of decision-maker that involves them in
the gathering the data and subsequent analysis;
1. How do you  assure  the correct  instrument  is

used for purpose ? and subsequently;
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2. What  is  the  correct  method  of  such  data
analysis ?

It  is  of  utmost  importance  on  the  onset  this
fundamentals  of  measurement  must  be  correct.
Analysis  must  be  based  on  valid  data  and  duly
interpreted  to  generate  a  reliable  report  with
meaningful  information  for  prudent  decision
making  towards  continuous  improvement  of
teaching and learning.  In an earlier paper,  it was
shown  how  academic  reporting  using  Rasch
Analysis proved to be more meaningful and make
students classification hence better management to
improve their achievement in meeting the targeted
learning outcomes [2].

2. Overview of Data Types

Fundamentally  there  are  two  types  of  data;
quantitative  and  qualitative  type  [3].  It  was
generally  perceived  as  countable  and  non-
countable.  Qualitative  begins  with  nominal  data
which is representative in nature say; race, gender,
marital  status etc.  Such data can counted but  not
ordered. Normally it can be assigned a code in the
form of a  number where  the numbers  are  simply
labels i.e. Male, 1; Female, 2 or simply M or F. 

A set of data is said to be ordinal if the values or
observations belonging to it can be ranked or put in
order or perhaps a rating attached. It can be counted
and  ordered,  but  not  measure,  ordinal  data.  The
categories for an ordinal set of data have a natural
order,  for  example,  siblings.  It  is  always  brothers
and  sisters  but  no  equal  interval  exist  between
them.  Suppose  a  group  of  people  were  asked  to
taste  varieties  of  biscuit  and  classify each  biscuit
given  a  rating  of  1  to  5,  representing  strongly
dislike, dislike, neutral, like, strongly like. A rating
of 5 indicates more enjoyment than a rating of 4,
for example, so such data are ordinal. However, the
distinction  between  neighbouring  points  on  the
scale  is  not  necessarily  always  the  same.  For
instance, the difference in enjoyment expressed by
giving a rating of 2 rather  than 1 might be much
less than the difference in enjoyment expressed by
giving a rating of 4 rather than 3. 

An interval  data  is  when the  distance  between
any two adjacent units of measurement is the same
but the zero point is arbitrary. Scores on an interval
scale  can  be  added and  subtracted  but  cannot  be
meaningfully  multiplied  or  divided.  For  example,
the time interval between the starts of years  1981
and  1982  is  the  same  as  that  between  1983 and
1984, namely 365 days. The zero point, year 1 AD,
is  arbitrary;  time  did  not  begin  then.  Other
examples of interval  scales include the heights of
tides, and the measurement of longitude. It can be
subtracted and the differences make sense, but it’s
ratios do not; e.g., 30°-20°=20°-10°, but 20°/10° is
not twice as hot!

Ratio  data  is  of  the  highest  order;  it  can  be
ordered  and  has  a  constant  separation  which  is

meaningful i.e., to say that 10 m is twice as long as
5 m is well understood and quantifiable. This ratio
hold  true  regardless  of  which  scale  the  object  is
being  measured  in  (e.g.  meters  or  yards).  The
Scores  on  an  interval  scale  can  be  added  and
subtracted and can also be meaningfully multiplied
or divided.

Total  marks  of  a  student  obtained  in  an  exam
gave a rank order but the distant between the next
student  ability  having  lower  or  higher  marks  is
never the same. In reality, crudely speaking we are
only  counting  the  number  of  correct  answers.
However,  it  has  been  grossly  misunderstood  and
treated like a quantitative data which is somehow
blatantly added and subtracted and even multiplied
or divided.

Modern  measurement  method  as  practiced
using item response theory with a focus on Rasch
measurement  model  now  provides  the  social
sciences  with  the  kind  of  measurement  that
characterizes  measurement  in the natural  sciences
i.e. the field of metrology [4]. The fundamentals of
measurement calls for an instrument to be used for
purpose to have specific unit of an agreed standard
amount [5].  An instrument must have  the correct
construct of linear scale which can be zero set and
duly  calibrated.  A  valid  instrument  can  then  be
replicated for use independent of the subject hence
measurement  taken  thereof  is  therefore  a  reliable
data  for  meaningful  analysis  and  examination  to
generate useful information. This information is of
utmost importance to be the prime ingredient in a
particular decision making.

3. Measurement Method

Responses from the students in an examination,
test  or  quizzes  is  normally  marked  against  a
marking scheme comprising keywords; where when
there is a match then the student would be given a
mark or otherwise. This is the traditional ‘park and
mark  system’.  In  theory,  at  this  stage  truly  the
assessors  is  only  counting  the  number  of  correct
answers which is then added up to give a total raw
score.  The  raw  score  only  give  a  ranking  order
which is deemed an ordinal scale that is continuum
in nature [6]. It is not linear and do not have equal
intervals which contradicts the nature of data fit for
the  due  statistical  analysis.  It  does  not  meet  the
fundamentals of sufficient statistics for evaluation .

[7].
Rasch  focuses  on  constructing  the

measurement instrument with accuracy rather than
fitting the data to suit a measurement model with of
errors.  In  Rasch  philosophy,  the  data  have  to
comply with the principles, or in other words the
data have to fit the model. In Rasch point of view,
there is no need to describe the data. By focusing
on  the  reproducibility  of  the  latent  trait
measurement; in this case the students’ LO instead
of forcing the expected generation of the same raw
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score, i.e. the common expectation on repeatability
of results being a reliable test, hence the concept of
reliability  takes  its  rightful  place  in  supporting
validity rather than being in contentions. Therefore;
measuring LO ability in an appropriate way is vital
to ensure valid quality information can be generated
for  meaningful  use;  by  absorbing  the  error  and
representing  a  more  accurate  prediction  based  on
Rasch probabilistic model [8].

An attempt of a student to answer a question
can be seen as a chance of him being able to get the
correct  answer  or  successfully  accomplishing  a
given task. Now, for a given normal score of 7/10
which is normally read as 70%; there is need of a
paradigm  shift  to  read  it  as  the  odds  of  success
being 70:30; thus a ratio data. A mark of 6/10 shall
now be seen as odd of success 60:40 and, so on.
After all percentage is statistically recognized only
a  data  summary;  which  is  somehow  largely
confused as a unit of measurement. 

 This enable us to construct  a log-odd ruler of
probability an event  taking place with the odd-of
success as shown in Figure. 1 with unit termed as
logit , derived from the term ‘log-odd unit’; as unit
of measurement of ability akin to meter to measure
length or kilogram to weight.

Figure 1. Probabilistic line diagram

In order to achieve an equal interval scale, we
can  introduce  logarithm  of  the  odd  probabilistic
value. Maintaining the same odd probabilistic ruler
as  in Figure 1,  starting with 0.01 to 100, we can
create an equal interval separation between the log
odds units on the line, hence the measurement ruler
with  the  logit unit.  This  can  be  verified  by
computing the value of log10 0.01 (10-2) equals to
-2.0; value of log10 0.1 equals to -1; value of log10 1
equals to 0 and so forth. Figure 2 shows the newly
established  logit ruler as a linear scale with equal
interval  separation.  It  is  just  like  looking  at  a
thermometer with ‘0’, as water being ice and 100 as
boiling  point  whilst  the  negative  extreme  end  as
-273oC, the point where all atoms of any element
come to a standstill. 

Figure 2. Logit ruler

Thus,  we  now  have  a  valid  construct  of  an
instrument to measure the students ability for each
defined LO.

4. Results and Discussion
 The  test  was  administered  on  1st year

Engineering  and  Architecture  students  from  the
Faculty  of  Engineering  and  Built  Environment,
University  Kebangsaan  Malaysia  (UKM)  for  the
course  code  KKKF1134  –  Introduction  to
Engineering.  The  result  from  the  tests  were
assessed based on SOLO Taxonomy [9] and ran in
Winsteps  v  3.6.8, a  Rasch  analysis  software;  to
obtain the logit values. Figure 3 shows the Person-
Item Distribution Map (PIDM) where the  persons;
i.e. the Students is on the left whilst  the items;  the
learning topics were plotted on the right side of the
logit ruler  as  in  Figure  3.  By virtue  of  the same
ruler with the same scale; then the correlation of the
person,  βn and  item,  δi  can now be established. In
Rasch, the probability of success can be estimated
for the maximum likelihood of an event as;

where;
e  =  base  of  natural  logarithm  or  Euler’s

number; 2.7183
βn = person’s ability 
δi  = item or task difficulty

Figure 3 -Person-Item Distribution Map :
Item Location

The PIDM Map as in Figure 3 is the heart  of
Rasch analysis. The vertical dashed line represents
the  ideal  less-to-best  continuum  of  quality.  The
Items  and  Students  now  share  the  same  linear
measurement  units  known as  logits.  On the  right
hand side of the dashed line, the items are aligned
from too easy to too hard, starting from the bottom.
The distribution of student positions is on the left
side of the vertical dashed line in increasing order

P(θ) =
e (βn – δi )         

Equ.(1)
1 + e (βn – δi )
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of ability; the best naturally being at the top and the
poorest student is at the bottom of the rung. Letter
“M” denotes the student and item mean, “S” is one
standard  deviation  away  from the  mean  and  “T”
marks  two  standard  deviations  away  from  the
mean. In Rasch Model, since we are interested in
the  person’s  ability  for  a  given  task,  it  is  most
prudent to zero set the scale where the item mean is
zero  when the  ability  is  deemed 50:50  being the
tipping point. Rasch Analysis  tabulates the item’s
location  in  a  very  clear  graphical  presentation
which is easy to read and easier to understand. Each
item  can  be  coded  with  attributes  of  Bloom’s
Taxonomy that  is  assessed  affecting  the  students
learning  process  [10].  This  will  enable  in  depth
analysis  of  their  study  pattern  to  be  evaluated
meaningfully. 

Before delving any further, it is best to look at
the analysis Summary Statistics as in Table 1. The
prime information we are looking for in this table is
the  validity  of  this  assessment.  The  value  of

Cronbach-α =0.33 is disturbingly low which is well
below  the   acceptable  level  0.6  and,  in  normal
statistical  analysis  this test evaluation would have
been disregarded. However, Rasch analysis offer a
better  evaluation  where  it  shows  the  two
components  of  the  test;  the  Person  and  the
instrument,  i.e.  item  reliability.  Rasch  found  the
Person  Reliability  rather  low at  0.31  and  a  very
high Item Reliability of 0.99. This conclude that the
students  need  further  scrutiny  and  yet  we  can
proceed with the analysis  as the instrument has a
very  high  reliability  in  measuring  what  is
supposedly to  be  measured.  This  is  where  Rasch
has the major strength as the better model is making
measurement [11].

Table 1. Summary Statistics

The  Summary  of  8  measured  items  gave  a
measurement  of  Maximumitem=+1.82logit and
minimumitem= -1.71logit. One item is identified to
be  classified  as  minimum  extreme  score.  Close

study revealed in Table 2 –Item Measure shows the
item to be JKKP= -7.42logit. 

Table 2. Item Measure

Item  measures gave the indication on the level
of difficulty the students encountered in attempting
a given task. The logit scale; -ve means they are to
the  left  of  the  ‘thermometer’,  i.e.  easy  task,  +ve
means they are located to the right of the scale, a
difficult task, the lesser the probability of success a
student to get it right in accomplishing a given task.
Now we can sense and have a better appreciation if
the  students  have  trouble  or  not  since  now  their
performance is duly measured on sound metrology
principles  hence  JKAS  is  the  most  difficult  task
whilst  JKEES is the easiest.  JKKP point  measure
correlation = 0.00 with extreme measure, a match
of  100%  means  the  item  cannot  discriminate
between a good and a poor student. 

Generally,  the  item separation,  G=11.67  is  a
big value which indicates that there is a very good
differentiation  of  item  difficulty  to  separate  the
students into distinct difficulty levels. So, if sample
separation  is  2,  then  strata  are  (4*2+1)/3  =  3,
means;

Separation= 2: The test is able to statistically
distinguish  between  high  and  low
performers.
Strata=  3:  The  test  is  able  to  statistically
distinguish  between very high,  middle and
very low performers.

Thus, a student separation G=11.67 was computed
into  the  strata  formula  which  yielded  a  distinct
15.89 strata. This indicate there is a large separation
between a very easy question and a very difficult
question. This call for a review of the assessment
done  to  close  the  gap.  Rasch  item  characteristic
curves  (ICC)  gives  a  simple  and  clear  graphic
presentation to show if it is an easy or a difficult 
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Figure 5a. Item Characteristic Curve –JKEES Easy
item. So, item 3-JKEES being at the lowest of the
PIDM; being  is reflected in Figure 5a whilst JKAS
at the topmost hence  most difficult  is  graphically
shown in Figure 5b. Note the respondents in Figure
5a is located to the top right, being easy and, Figure
5b respondents is to the left bottom,  being difficult.

Figure 5b. Item Characteristic Curve –JKAS Difficult

Rasch has a unique ability in recognizing the
students  development  based  on  the  students
responses.  Table  3  shows the  Item  Misfit  Order.
This  table  gives  an  indication  the  validity  of  the
person responses whether it fits the model or not.
The topmost being worst where the data provided
are outfit to the model thus multi-dimensionality. 

Table 3. Item Misfit Order

Item3  –JKEES  measured  at  -1.71logit which  is
approaching  +2.00logit thus  overly  easy  item has
been  identified  to  have  the  most  misfitting
responses.  All  243  students  attempted  the  task
where a very high N=187 (77%) get an ‘A’(5) and
N=31(13%) obtained a ‘B’ giving a strong bias of
90% of the total students getting a very good grade.
The  outfit  MNSQ=1.60  is  above  1.5  upper  limit
showing there are far items that need review.

Rasch examine item or person fit by looking at
two types  of  fit  values  known as  infit  and  outfit
Rasch  typically  examine  ‘outfit’  which  is  less
threatening to measurement and easier to manage.
Hence, we look at “outfit MNSQ” where the mean
square (MNSQ) outfit for the item is expected to be
near 1.0. Acceptable MNSQ outfit shall be between
0.5 and 1.5.

Closer  examination  of  the  scalogram  pattern
response in Table 4 shows that Person 158 onwards
to the end are somehow not well assessed and need
review.  Those  rating  1  could  have  been  more
appropriately be higher value. 

Table 4 . Scalogram of Item Misfit Response String

Further analysis of the expected value is shown
in  Table  5  –Item  Most  unexpected  Response
Prediction.  The item Z-STD =3.80  is  beyond  the
upper  limit  +2.00.  It  can  be  generalized  that  the
item has been under rated and Rasch would ask the
researcher to identify the reasoned argument ‘why’
does this happen. One possible conclusion is that
these cohort could have been careless in attempting
their works which lead to such a grossly under rated
works. 

Table 5 . Item Most Unexpected Response Prediction

Table 5 shows a very interesting finding where
the most difficult item; Item 4 -JKAS was found to
be the reversed where it is observed to be generally
over rated with quite low point measure correlation
of 0.28. Conversely, for this difficult item  suspects
could probably have special interest or knowledge
on the topic. On the other hand, they could have a
very kind hearted assessor who is gave away marks
rather  easily.  Rasch  has  this  particular  predictive
properties embedded in the model to make it a very
reliable validation  model.

5. Conclusion
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Rasch  Model  provides  a  sound  platform  of
measurement  equivalent  to  natural  science  which
matches the SI Unit measurement criteria where it
behaves  as  an instrument  of  measurement  with a
defined  unit  and  therefore  replicable.  It  is  also
quantifiable  since  it’s  linear.  Rasch  Model  has
made it  very useful  with its  predictive  feature  to
overcome missing data [12].

The logit ruler has been developed with purpose
to  measure  ability;  in  this  case  students  learning
ability of specific learning outcomes. It can define
the students profile and most important we are now
able to validate a question construct on line. It is a
noble  innovation  where  the  ability  ‘ruler’  can
transform ordinal  data  into measurable  scale.  It’s
graphical output is great which gives better clarity
for quick and easy decision making [13].

The  measurement  conducted  reveals  the  true
degree  of  cognitive  learning  abilities  of  the
Engineering  undergraduates[14].  Previously,  lack
of such measurement in Engineering Education has
made the necessary corrective actions in the form
of  skills  development,  education  and  competency
training difficult to formulate. This major problem
faced by Engineering Education Administrators in
an  IHL  to  design  the  necessary  curriculum  to
mitigate  the  going  concern  is  therefore  resolved.
Rasch has all the capabilities to rigorously analyse
examination  results  more  accurately  thus  making
evaluation clearer to read and easier to understand.
This method of reporting was found to consistent
with  research  done  in  other  countries  treating
ordinal  data the correctly by application of Rasch
Analysis to obtain a more meaningful information
of the item validity hence prudent LO measurement
[15].  
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