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ABSTRACT

Each question in examination question set consists of keywords from
Bloom's taxonomy. This kevword determines the cognitive level of the
question. Students must be evaluated according to six cognitive levels of
Bloom's taxonomy. Preparing examination questions and determines the
cognitive levels take huge amount of time. A computer application is
required to ease this task as it becomes critical since Outcome-Based
Education (OBE) enters the education world where it requires students to
be evaluated in many aspects according to related fields. Raw questions
are the main input of this computer application. Using an appropriate
technique, this application will extract keywords from question and
determine the cognitive level by itself. Previously, these tasks are done
manually by responsible committee and it takes time to complete all the
questions. This computer application helps the committee until the final
part of preparing question set which is preparing camera ready of
question sets where it can be printed out as well.
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Introduction

Creating examination questions is not a simple task. Several standard
procedures have to be followed starting from collecting raw questions
until printing out the draft of question sets. The introduction of Outcome
Based Education (OBE) makes the processes of setting question sets have
to be carried out carefully. In order to deliver good and understandable
examination question, Bloom’s taxonomy is used to design the
examination question. Even though Bloom’s taxonomy has already been
used in Universiti Teknologi MARA (UiTM) in designing examination
question, several research questions arose regarding level of difficulties
of each question in the question sets. Does the question use appropriate
keywords in delivering the message to student? What is the level of
difficulty of each question? How many questions available according to
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six cognitive levels in Bloom’s taxonomy?

The research aims to propose an information system that is able
to assist in creating the examination question sets. Several standard
procedures are remained as usual, however, only certain procedures are
going to be changed since the introduction of the information system. The
purpose of the information system is to identify cognitive level of
questions which previously done manually by people. It is believe to
reduce amount of time used in identifying and determining the cognitive
level and time required in creating the question sets.

Cognitive Domains in Bloom’s Taxonomy

Bloom (1956) created this taxonomy and since that it contributes a lot
especially in academic field. Three main domains which are Affective
domain, Cognitive domain and Psychomotor domain are identified and
each domain has its own focus. This research focus on Cognitive domain
which primary focus of this domain is mental skills required students’
ability to recall specific facts, patterns and concepts. Bloom (1956)
identified six cognitive levels in Cognitive domain as depicted in Table 1.

Table 1: Six levels in Cognitive domain

Level Skills Demonstrated

Knowledge Able to recall data or information of previ-
ous learnt

Comprehension Able to describe, tell, elaborate using their
own words based on scenario or material
given.

Application Able to apply what they have learnt in
class in any situations.

Analysis Able to distinguish or differentiate be-
tween facts and inferences.

Synthesis Able to form or create a new meaning or
structure from different elements.

Evaluation Able to judge or argue about ideas.

Bloom (1956) put Knowledge level as the most basic level and this is
followed by Comprehension, Application, Analysis, Synthesis and finally
Evaluation. Each level demonstrates different skills and it has keywords
that must be used in the examination question. This research is carried out
for diploma level students which it focuses on giving basic skills for semi
-professional work with firm foundation and it must be useful if students
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decide to further study to the higher level (M Mustafa M Ghazali, 2008).
Bloom (1956) provides keywords for each cognitive level in Cognitive
domain. Appropriate keywords must be used during question construction
and keywords represent level of difficulty of the question. This is to
ensure students are able to understand the requirements of the question
and students are tested with different kind of difficulty levels. This is also
to ensure there are many difficulty levels in a set of examination
questions. Table 2 depicts keywords available in those six levels.

Table 2: Verbs or keywords in six levels of Cognitive domain

Cognitive
Level

Verbs/Keywords

Knowledge

Who, what, why, when, omit, where, which, choose,
find, how, define, label, show, spell, list, match, name,
select, recall, tell, name, relate

Compre-
hension

Compare, contrast, demonstrate, interpret, explain, ex-
tend, illustrate, infer, outline, relate, rephrase, translate,
summarize, show, classify

Application

Apply, build, choose, construct, develop, interview,
make use of, organize, experiment with, plan, select,
solve, utilize, model, identify

Analysis

Analyze, categorize, classify, compare, contrast, discov-
er, dissect, divide, examine, inspect, simplify, survey,
take part in, test for, distinguish, list, distinction, theme,
relationships, function, motive, inference, assumption,
conclusion

Synthesis

Build, choose, combine, compile, compose, construct,
create, design, develop, estimate, formulate, imagine,
invent, make up, originate, plan, predict, propose, solve,
solution, suppose, discuss, modify, change, original, im-
prove, adapt, minimize, maximize, delete, theorize, elab-
orate, test, happen

Evaluation

Award, choose, conclude, criticize, decide, defend, de-
termine, dispute, evaluate, judge, justify, measure, com-
pare, mark, rate, recommend, rule on, select, agree, inter-
pret, explain, appraise, prioritize, opinion, support, im-
portance, criteria, prove, disprove, assess, influence, per-
ceive, value, estimate, deduct

These keywords have to be in place together in the examination question.
That makes each question has different cognitive level. This is to ensure
in each question set, it contains variety of cognitive level questions.
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Diploma students should be tested at all cognitive levels but too many
questions at Knowledge level will not fulfill the requirements of OBE of
the course. Table 3 shows examples of questions using cognitive levels:

Table 3: Example of examination questions containing keywords from six
cognitive levels

Cognitive Verbs/Keywords
Level

Knowledge | List five comiponents of information cycle

Compre- Explain briefly all five components of information cycle
hension

Application | Identify five types of information system and its uses

Analysis Compare and give example of storage media and stor-
age device

Synthesis Construct an Entity Relationship Diagram (ERD) ac-
cording to scenario given

Evaluation | According to scenario given, recommend a solution to
solve the problem face by the company

Examination questions are designed by lecturers appointed by faculty.
Current method used is lecturers have to design the questions in softcopy
format and submit the raw questions to committee using storage media
such as compact disc. Committee will review the questions and determine
which cognitive level of each question is. This is what we call as raw
questions coming from lecturers. This research will change this procedure
where lecturers no longer need to submit the questions in a compact disc.
An information system runs on intranet of UiTM will be developed and it
can be accessed by lecturers of UiTM. Appointed lecturers will design the
raw questions and save those questions in this information system
according to duration given. System will automatically identify and
determine cognitive level of each question by extracting keywords
available in the question. If currently this process is carried out manually,
the introduction of this information system will reduce or eliminate
human interaction towards this process. Questions are stored in the
DBMS as structured data and it can be retrieved anytime and anywhere
by committee.
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Structured, Semi-Structured and Unstructured Data

Raw questions are categorized as structured data as it is going to be stored in
the DBMS. Bergman (2005) described Wood’s statement said that these
three categories of data can be found nowadays as depicted in Figure 1
below. Further explanation about these three categories of data can be found
in the next section.

DBMS Information Retrieval
(search engine)

BT edTUE e ri:.—_.::
’ I’ =
¥
| "
=

Structured Semi-structured Unstructured

Source: http://www.mkbergman.com/

Figure 2: Sources of data

Structured Data

Dorion (2007) explained that data is organized in a structured way where
usually always being displayed in a tabular format. It makes the data easily
identifiable by user. DBMS is used to keep data in a computer (Wang, 2010).
It is organized in semantic chunks (entities) and similar entities are grouped
together as classes or relations. Similar entities placed in a same group that
has similar descriptions, in other words we call them attributes. It has schema
that represent descriptions of all entities in a group such as format, length,
must exist, and follow the same order. To retrieve information from the
source, it allows users to select according to columns and rows in a field.

Semi-structured Data

Semi-structured data has some kind of structure but it still cannot be
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categorized as structured data due to certain differences. Wood explained,
semi-structured data organized in semantic entities and similar entities are
grouped together. However, the entities may have different attributes, not
all attributes are required and order is not necessary. Wood added that
size and type of similar attributes in a group may differ. Semi-structured
data can be found in flat records, XML files, RSS feeds and a few others
as described by Wang (2010). Semi-structured data comes from DBMS,
hence, it can be searched and organized neatly regardless to any output
format since it does not has any strict formatting rule (Loshin, 2005;
Wang, 2010).

Unstructured Data

Wang (2010) said more than 80% of data we have seen today are
unstructured data. Sources of this kind of data include email, audio,
video, images and many more. It can be of any type and do not have
specific format or sequence as explained by Wood.

As for this research, it is required to apply information technology to
ensure its success. Lecturers come from different campuses, separated by
different geographical locations. Buy putting this system online as an
intranet application, lecturers are able to contribute in supplying the raw
questions into the question bank server. This is where the raw questions
become as structured data because DBMS is going to be used to keep the
raw questions safely (Wang, 2010). Next section is about applying
information extraction (IE) to extract cognitive keywords from the
sentence.

Extracting Cognitive Keywords from Structured Data Using
Information Extraction (IE) Technique

There are various techniques in retrieving information from sources either
documents or databases. One of the techniques is Information Extraction
(IE) which is very useful for this research. According to Grisham (1997)
and Eikvil (1999), IE as the identification and extraction of instances of a
particular class of events or relationships in a natural language text and
their transformation into a structured representation such a database. The
actual process in preparing the questions begins where lecturers design
the raw questions and save the questions in a softcopy format using
common file format, for example in Microsoft Word file and put the
questions in a compact disc. Instead of saving the questions in a compact
disc, once this information system gets online, those raw questions can be
saved straight to the question bank server. Once the raw questions are
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stored in the database, it becomes structured data and using IE technique
it helps committee in retrieving and determining cognitive level of
question (Gaizauskas, 2002).

Figure 3 shows the new approach and it shows the aims of this research in
re-engineering the current approach where certain processes are done
manually before, now will be incorporated with information technology.
A graphical user interface (GUI) is going to be developed to allow
appointed lecturers enter the raw questions including the answers. The
committee will be able to view all raw questions in the database,
however, at this moment, the committee will not do anything yet. Once
the raw questions are fully submitted to the question bank server, then the
committee will start their tasks in reviewing all raw questions including
making any amendment if necessary.

Committee

U_.

Cognitive Level

/ Keywords

->c

Extract and match
keywords

(] [oR——
N f l
-Q) _—— —
Appointed Gul Question B ...k\

Lecturers Database
Raw Questions

Cognitive level
updated

Figure 3: New approach of preparing examination questions

An algorithm is going be designed in order to extract keyword(s) from
raw questions. It then will be compared with existing cognitive keywords
stored in the database. System will update cognitive level of each
question automatically and store in the database. However, this process
can be done once the committee completely reviews all raw questions.
During the reviewing process, there maybe some amendment to be done
to the raw questions, for example sentences re-phrasing, grammatical
checking and a few others. To avoid repeating processes, it is
recommended to execute the process once all raw questions completely
being reviewed through some action triggered by the committee.

Figure 4 below shows how exactly the process in determining the
cognitive level will be executed. As usual, each raw question must have
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at least one keyword. If there are more than one keyword exist in one raw
question, system will extract those keywords in the first place then
determine which keyword has higher cognitive level. If the keyword does
not exist then system will assign 0 (zero) value as a cognitive level to that
particular raw question. System will notify the committee of the raw
questions with 0 (zero) cognitive level. Therefore the committee will be
able to review the questions where there might be amendment to be done
on the raw question before it can be used as examination question.

Cogutive level updated

Level | Keyword Extract & match
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1| State ‘~~,‘. ‘*..‘s @
15...:« “—~.:;_.===:\\ No_| Quetion _ Level
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3| Construct 2 | State and describe two ady antages of usmg computas |2
3 Demonstiate 110 | nguiestion
4 Compare
4 Identify
s Create
6 Reconunend
wlevel | wkevword

Figure 4: Determining cognitive level of raw question

Example A shows one keyword is found in the raw question. It then will
be compared with existing keywords on the left table and cognitive level
of the question will be updated. Example B shows another possibilities
where two keywords are found in the sentence. “State” is a Level |
keyword while “describe” is a Level 2 keyword. Since there are two
levels can be assigned to the same question, system will choose highest
level for raw question which is Level 2. By incorporating IT to simplify
this task, it will reduce the amount of time used by the committee to
determine the cognitive level of raw questions.

Each raw question is categorized according to chapters in a text book. It
is important to include this feature to help the committee while preparing
the question sets. Researchers realize the committee will pick any
questions randomly from all chapters which normally start with choosing
the chapter and displaying all questions created under the selected
chapter. Then, the committee will chooses which questions to be put in
the question sets. Once everything is ready, draft of final examination
question sets are ready to be printed out and reviewed by faculty.
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Conclusion

Planning and designing examination questions are critical activities in
evaluating student performance. It should fulfill Outcome-Based
Education (OBE) standards which require students to be evaluated in all
aspects. Here come the six cognitive levels of Bloom’s taxonomy that
will play a key role in performing student. Information Extraction (IE)
technique is used to determine cognitive level of each question based on
keywords exist in question. Therefore, this computer application will help
responsible committee in performing their tasks especially reducing the
amount of time spent to determine the cognitive level of questions.
Further research will be conducted on several techniques in order to find
better technique that can be applied on this computer application.
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