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Abstract—Worksheet is a common tool for teachers guiding
students learning a subject. This research designs an automatic
worksheet generator for constructing a worksheet according to
the results of student's online exam. We focus on the worksheet
of botany observation and analyze 47 different activities in the
worksheet. The relation between the worksheet activity and its
cognitive ability can be used to decide what activity should be
constructed based on students' test result. A simple example is
demonstrated in the end of this paper.
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L INTRODUCTION

Bloom's Taxonomy is a well known -classification for
teachers setting learning objectives for students. Bloom
categorized the educational objectives into cognitive domain,
affective domain, and psychomotor domain [1]. Bloom's
Taxonomy has already been used for over 30 years. During
the 90s, Anderson and Krathwohl proposed revised
cognitive levels called Revised Bloom's Taxonomy (RBT)
[3]. Based on the Revised Bloom's Taxonomy, Kuo (2009)
uses Knowledge Map [4] as knowledge base to construct an
automatic item generator [5]. The teacher can manipulate the
Knowledge Map with web-based editor. The automatic item
generator then constructs true/false items and multiple choice
items according to the knowledge stored in the Knowledge
Map and put the generated items in the Answer Sheet
database. After students filled the answer sheet, the system
generates a cognitive evaluation report for the students and
the teacher.

This research designs an automatic worksheet generator
to help teachers constructing worksheet based on student's
exam results. Section 2 describes how we analyze the
traditional paper-based worksheets. The system flow is
designed in Section 4 with a simple example demonstration.
Section 5 gives a brief summary and describes possible
future works
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II.

Worksheet is a sheet of paper containing problems or
tasks for students to solve and is a common tool for teachers
guiding students learning a subject [6]. To design an
electronic worksheet for botany course, this research
investigates the worksheets from the Enchanted Learning
website [2]. There are 203 activities separated into 23 parts
and 9 parts of them describe the worksheet design with 94
different worksheets. We eliminate those spelling, writing,
and math relevant worksheets and focus on those field trip
and observation relevant worksheets, e.g., "Learn About
Plants and Plant Worksheets" and "Drawing Worksheets".
The worksheet names have some words which can be used to
identify what kind of tasks the students may be asked to do.
These words are summarized in the second column of Table
1.

WORKSHEET ANALYSIS

Table 1. Worksheet type analysis

Activity Type Worksheet Name # of Worksheet "ls"gltga;l
Classifying Draw and Compare 2 2
Color 1
Draw 1
. Draw and Compare 2
Drawing Follow the Instructions 2 13
Quilt Coloring Page 2
Symmetrical Picture 5
Essay Printable Read and Answer 3 3
Label Me Label Me 6 6
Match Match 1 1
Multiple Choice Multiple Choice Quiz 4 4
. Printable Read and Answer 3
Printout - 12
Printout 9
Report Chart Report Chart 2 2
Sequencing Card Sequencing Card 2 2
Writing Adjective Describing 2 2
Total 47 47

According to the instructions described in the website,
the worksheets can be classified into 10 different activity
types as the first column in Table 1 shows. Some worksheets
only cover tasks belonging to single activity type and some
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Table 2. Activity Characteristic and Cognitive Ability Analysis

Characteristics Cognitive Ability

LGNS b ofOI_gzglmg b Oé‘(l;lf:;:tmg i:&f Typ\c]:lflé\ttr‘ List Describe | Summarize Classify Order
Classifying N 1 N nominal data \
Drawing 1 N - - \%
Label Me 1 N - - \%
Match N 1 1 nominal data \Y
Printout 1 N - - \
Report Chart N N N - \% \4
Sequencing Card N 1 1 ordinal data \Y
Find Plants by Characteristics N 1 N - \ \Y
Take Picture 1 N - - \

N: the number is greater than 1

- : the characteristic is not important

V: the activity tvpe has relation to specific cognitive ability
others have tasks in multiple activity types. For example, the
worksheet with keyword - "Color" belongs to the "Drawing"
activity type, on the other hand, the worksheet with keyword
- "Draw and Compare" belongs to both "Classifying" and
"Drawing" activity types. The amount of worksheets in the
Enchanted Learning website is listed in the third column of
Table 1 and we sum up the amount of worksheets for each
activity type in the last column.

Considering applying the worksheet into the mobile
learning devices and environment, two activity types,
"Essay" and "Writing", are excluded. We also eliminate
"Multiple Choice" activity type to avoid making students
have feelings of they are taking examination while doing the
worksheet.

We consider two additional activity types which are
suitable for observing plants with mobile devices: "Find
Plants by Characteristics" can guide student observing
specific characteristics of learning objects; students can use
mobile devices to take photos of learning objects for the
"Take Picture". The nine worksheet activity types this
research considered are listed in the first column in Table 2.

Each activity type has its characteristics, such as the
number of learning object involved, the number of learning
concept mentioned, the number of learning concept's
attribute that students should observe, and the type of the
attribute value. Column 2 to column 5 in Table 2 shows the
activity characteristics that we analyzed the 47 worksheets.

Take "Classify" activity type as example, the teacher may
ask students classify multiple plants into two groups
according to the learning concept - "leaf". Students should
consider the attributes of leaf while classifying the plants,
e.g., leaf shape and margin. The attribute value in this
example is nominal data. If the concept's attribute value is
ordinal data, like leaf size and growing elevation, the teacher
should consider using "Sequencing Card" activity type for
construct the worksheet. By doing "Sequencing Card" based
worksheet, students are required to arrange the learning
objects according to its ordinal attribute values, i.c., the leaf
size.

We also analyze the cognitive ability that each activity
type based worksheet may cover in training students as Table
2 lists. List is the basic cognitive ability and usually asks
students to observe the outlook of one specific learning
object which covers multiple learning concepts, such as the
leaf and the flower. "Drawing", "Label Me", "Printout", and
"Take Picture" are four relevant activity types. Describe and
Summarize focus on the attributes of the learning objects in
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one or multiple learning concepts. Two correspondent
activity types are "Report Chart" and "Find Plants by
Characteristics".

If the activity asks students think over the meaning of the
attribute, students needs higher cognitive abilities, e.g.
Classify and Order, to complete the activity. If the attribute
value is nominal data, the activity is related to Classify
cognitive ability, such as "Classifying" and "Match"
activities. On the other hand, if the attribute value is ordinal
data, the activity is related to “Order” cognitive ability. This
research use “Sequencing Card” as the activity for “Order”
cognitive ability.

III.

According to the worksheet analysis in section 2, this
research designs a system to generate a worksheet according
to students’ online-test result. We use the automatic item
generator mentioned in section 1 as the online-test system.
After students having the test, the system retrieves the
cognitive diagnostic data from the online test system as the
first step is Figure 1. The cognitive diagnostic data will be
transformed to the remedial learning data, which records the
learning object name, the learning concept, the attribute
name, the attribute value, the cognitive level, and the depth
of the learning object in Knowledge Map. The third step is
using cluster theory to cluster each record into several
clusters. In step 4 and step 5, the system will view the
characteristics in each cluster and retrieve suitable activity
which follows the analysis in Table 2. At the last two steps,
these generated learning activities will be constructed as a
worksheet and delivered to students’ mobile device.
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Figure 1. System flow of worksheet generation.
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Here is an example of the automatic worksheet generator.
The system retrieves the cognitive diagnostic data from the
online-test system mentioned in section 1. The data includes
the correct answer, student’s answer, the stem of the item,
the options in the item, and the cognitive ability of the item.

The system transfers the cognitive diagnostic data to the
remedial learning data, which includes:

1.  Knowledge depth: the major concepts in the item can be

found in the Knowledge Map and the knowledge depth
is the depth of the concept node exists in the
Knowledge Map. Take Figure 2 for example, the
knowledge depth of “Botany” is 0, and the knowledge
depth of “Cerasus serrulata” is 1.
The knowledge depth of attribute name is related to its
belonging concept. For example, the knowledge depth
of the attribute name, Arrangement, is 3 because its
belonging concept, Leaf, is in knowledge depth 2.
Similarly, the knowledge depth of the attribute value is
related to the attribute name it belongs to. For example,
the knowledge depth of “Alternate” in Figure 2 is 4,
which is one plus the knowledge depth of its belonging
attribute name, “Arrangement”.
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Figure 2. Knowledge Map Example

One record of remedial data has more than two concept
nodes of the Knowledge Map. We choose the deepest
knowledge depth of concept for presenting this record
of the remedial learning data.
Cognitive level: each item is related to its cognitive
ability. This data can be easily found in the cognitive
diagnostic data.
Concept name: the concept name is the concept which
students should learn of the learning object, such as leaf
or flower. The data can be retrieved from the item stem
or the options.
Attribute name: the attribute name is the attribute of a
learning concept, such as the leaf margin or leaf
arrangement. The data can also be retrieved from the
item stem or the options.
Attribute value: attribute value is what kind of attribute
the learning object has corresponding to a specific
attribute name. The data usually exists in the item
options.
In the third step of Figure 1, the system will cluster the
records in the Remedial Learning Data into several clusters
according to two dimensions, which are cognitive level and
knowledge depth. As Figure 3 shows, five clusters are
generated by the system. Each cluster has information about
number of learning object, number of learning concept,
number of attribute, and number of attribute value.
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The system will retrieve the suitable learning activity for
each cluster according to the analysis in Table 2. Take
cluster A for example, the cognitive level of this cluster is 1,
which is corresponding to “List” cognitive ability.
“Drawing”, “Label Me”, “Printout” and “Take Picture” are
the available learning activities. The system selects
“Drawing” activity by randomly.When all five activities are
generated, the system will construct a worksheet and deliver
it to students’ mobile device.

: £ A
e Comapts1 C | | Concam

D
Attributes: 3 Attributes: 4
Aftribute values: 8_| | Attribute values: 8

26

24

Object:3

Object:2
Concepts:1
Attributes: 4

B Concepts:1
Attributes: 3 :

Aftribute values: 5 | |

N}
[N}

Knowledge Depth

)

Object:1 ;
Conceptst A
¥

25 3 35 4
Cognitive Level

Figure 3. An example of clustering remedial learning
data.
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IV. CONCLUSION

This research analyzed the worksheet characteristics and
found the relation between worksheet activity and Bloom’s
Taxonomy. Based on the worksheet analysis, this research
also constructed an automatic worksheet generator to
generate worksheet according to students’ online-test result.
An example is demonstrated in the end of this paper.

To know the usability and reliability of the system, we
should execute the experiment for gathering teachers’ and
students’ opinion. We should also consider the location
factor for deciding the learning object selection in each
activity for the future work.
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