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Abstract

The goal of this research was to create and develop a table of test specifications
based on the approaches of "Marzano and Kendall" and "Anderson et al." for
the sixth-grade basic science curriculum, using a developmental method. The
study population encompassed all web-based testing tools and experts in the
fields of assessment and measurement, software, and science. This article
outlines two phases of the research and development process, taking an
architectural perspective into account. The first phase involved a thorough
analysis of needs and background, while the second phase encompassed the
design, architecture, and formative evaluation. In the initial phase, we examined
research literature and software related to question design. In the subsequent
phase, two software prototypes were developed. The first prototype established
the initial software framework based on a combined approach, employing
artificial intelligence chatGPT-4 to generate 406 behavioral verbs and 5137
behavioral objectives, whose validity was confirmed by assessment and
measurement experts. In the second prototype, the software architecture was
designed as a web application using the PHP language for the backend, the
Laravel framework, JavaScript language, and the React framework for the front
end, along with a MySQL database and the REST protocol for server
communication. This phase also addressed and resolved the initial sample's
issues and bugs. Furthermore, the input and feedback from other experts were
incorporated into the final design.
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1. Introduction

This paper aims to examine the role and benefits of a table of test

specifications in designing questions for high levels of learning. A table

of test specifications is a matrix that shows how questions are aligned
with learning objectives and their weights in the curriculum. The paper
reviews various classifications of learning objectives, such as Bloom’s
taxonomy and its revisions by Anderson et al. (2001) and Marzano and
Kendall (2007). These classifications are hierarchical and focus on
different dimensions and levels of cognitive skills. Using a table of test
specifications can ensure the validity and quality of the assessment and
align it with educational objectives. The paper also discusses the use of
different software and websites for designing online questions and the
lack of attention to the cognitive levels and learning objectives in these
tools. The paper proposes a new software that can design questions
according to the behavioral verbs and definitions based on Bloom’s
revised taxonomy and Marzano and Kendall’s classification. The
software can have features such as providing feedback and preventing
output if the question is not suitable for measuring the desired level.

The software is intended for designing test questions for science

courses, considering their importance and role in shaping higher levels

of education.

Research Question(s)

— What are the features of a valid and practical supportive tool that
has the potential effectiveness on teachers’ performance for
empowering them in designing high quality questions in assessing
at a high cognitive level?

— Can the software-based educational assessment tool solve the
challenges of designing questions involving higher cognitive
levels?

— Can the software-based educational assessment tool solve the
challenges of enhancing teachers’ abilities in designing high-
quality questions?

This includes:

— Who should be the target audience?

— How should this tool be accessible to the audience?

— What aspects should the software support for the assessment
development?
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2. Literature Review

The classification of educational objectives by Anderson et al. (2001)
is based on Bloom’s classification but with some changes. The
classification has two dimensions: knowledge and cognitive process.
Knowledge includes four types: factual, conceptual, procedural, and
metacognitive. The cognitive process includes six types: remembering,
understanding, applying, analyzing, evaluating, and creating. Marzano
and Kendall’s (2007) classification of learning tasks is based on the
level of awareness and mental control. It describes three mental
systems: self, metacognitive, and cognitive, and how they interact with
knowledge to perform a new task. An example is a student who has to
decide whether to pay attention to science class or social activity. Each
system plays a role in the decision and the action. The classification has
two dimensions: mental processes and knowledge. Mental processes
have six levels, from retrieval to self-system, and knowledge has three
domains: information, mental processes, and psycho-motor processes.
Based on these two classifications, the research designed and developed
a combined classification that can describe the complexity of learning
tasks more accurately.

3. Methodology

This paper used a developmental method for designing and developing
a software tool that helps teachers create science questions for
elementary students based on a table of test specifications. The method
consists of three main stages: needs and context analysis, design and
development, and evaluation. Each stage has multiple cycles of
activities that involve different groups of participants, such as experts
in assessment and measurement, elementary education specialists,
teachers, and software specialists. The paper is based on a doctoral
dissertation on the same topic, so it focuses on the first two stages,
which are needs and context analysis and design, architecture, and
formative evaluation. The needs and context analysis stage aims to gain
knowledge about the goals, user groups, and domains of the software
tool. This stage includes reviewing relevant literature, interviewing
experts and specialists, and visiting various question design software
tools. The findings of this stage are used to design the initial model of
the software tool and to get feedback from experts and teachers. The
design, architecture, and formative evaluation stage uses the
prototyping process to develop the software tool iteratively. The
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prototyping process is a way to involve the target group and experts in
the design and development activities. The figure below shows the three
main stages of the study (analysis, design, and evaluation) and the scope
of the cycles within the main stages (in terms of the participants
involved and the time spent).

needs and context
Y. analysis

160
140
120

general evaluation
designing, devaloping,
architecturing and

formative evaluation

prototype  prototype
1 2

time

4. Results

The first stage:

1. The first stage includes needs and context analysis of software
development.

2. The design, architecture and formative evaluation

Prototype 1:
In the continuation of the software development process, second stage
of the software development process involves designing the patterns
and cycles that make up the software. The first prototype of the software
was based on modern approaches to learning objectives, and a
combined classification was created by integrating two existing
classifications from Anderson et al. (2001) and Marzano and Kendall
(2007). So the cognitive, metacognitive and self-systems were
considered in the design of the software. In the continuation for defining
behavioral objectives for a combined classification of Anderson et al.
and Marzano and Kendall, using an artificial intelligence chatGPT-4
feature. The method involves the following steps:

— Collecting 127 behavioral verbs from theoretical sources for

each class
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— Using chatGPT-4 to produce English equivalents of each verb,
increasing the number of verbs to 406

— Using chatGPT-4 to produce definitions, similarities,
differences, examples, and applications of each verb in the field
of education and learning

— Using chatGPT-4 to produce the steps of performing each verb
in detail and step-by-step

— Using chatGPT-4 to produce an example of a behavioral
objective for each verb for each class

— Using chatGPT-4 to produce an example as an exercise for each
verb

An example for the verb (gives an atypical example) is as follows:

— Behavioral objective: The student will be able to give an
atypical example according to the following instructions about
vocabulary in science class. The steps of giving an atypical
example are as follows:

Define the topic: First, you need to define the topic that you are

going to provide an atypical example for. This can be anything from

a specific group to a general concept.

Understand common assumptions: Then you need to have enough

understanding of the assumptions or common ideas about this topic.

This can be obtained by research, study, or observation.

Choose an atypical example: In this step, you need to choose an

example that is not usually used in describing this topic or group.

This example should be appropriate and valid, but at the same time

challenge common ideas.

Explain the example: Next, you need to explain your example in

detail and completely, showing how it goes beyond common

assumptions.

Emphasize why it is atypical: Finally, you need to emphasize why

your example is atypical and how it can change our understanding

of the topic. This part can include a critical review of common
assumptions.

The process of producing behavioral objectives for a combined
classification of Marzano and Kendall’s and Anderson et al. using an
artificial intelligence chatGPT-4 feature involves the following steps:

— Producing 5137 behavioral objectives for different classes using
chatGPT-4
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— Preparing a checklist to verify the validity of the verb
classification and the quality of the behavioral objectives
— Designing a software algorithm to implement the method
Due to the extent of the work done, it is not possible to show all its
views in this space; but for showing part of the work, the below image
is shown. Software schema was designed with teachers’ feedback and
some of their ideas were applied in the prototype.

Software architecture:

The software architecture of a test specification was designed based on
a web application for online access through web browsers on various
devices and operating systems. Web apps eliminate the need for
installation and provide dynamic interactions, such as forms, enhancing
user engagement and promoting business growth. They enable data
storage on online servers and centralized updates for users to access the
latest version. The web app consists of two main components: the client
or front-end, responsible for user interaction and visible elements, and
the server or back-end, managing logic and processing. Programming
languages like JavaScript, PHP, and frameworks such as React and
Laravel are used for implementation. Communication between the
client and server is facilitated through REST APIs. The combination of
PHP and MySQL for data storage offers robust tools for web
development, meeting the requirements of modern web applications.

The prototype (2)

The first cycle

The evaluation performed on the first output of the designed software
had a set of product specifications that were used for further
development. The initial prototype helps users to design questions and
then open the output in a word processor and print them. Some
suggestions and corrections were given in the steps to reach the final
specification table to evaluate the initial prototype, and meetings were
held with software experts to fix bugs and misunderstandings in the
initial prototype.
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The second cycle

During the screening of processes, a main model of the software was
prepared. Meetings were held online and in person between the
developer and other experts in different fields mentioned to review the
designed structure. This happens at the beginning of the second cycle
and the ideas obtained after registration and review were considered in
the design of the software.

5. Discussion

To answer the first question, an extensive literature review and
assessment of question design software were done. The outcome was
the development of a tool that harnesses test specification capabilities,
and helps in assessing higher cognitive levels and content
representation. Various studies support the use of technology in
education, highlighting its role in test design and enhancing students’
learning experiences (Alifard and Kamyab, 2013; Sohrabloo, 2017,
2018; Newman et al., 2013; McLaughlin et al., 2005).

To answer the second question, the study explores designing
educational assessments using software with a focus on higher
cognitive levels. A prototype-based iterative approach was used,
integrating Anderson et al. and Marzano and Kendall's combined
classification. Aurtificial intelligence aided in refining behavioral
objectives, resulting in 5137 behavioral objectives. Teachers' feedback
guided software enhancements, aligning with prior research
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demonstrating effective test organization and assessment of deep
subject knowledge (Patel et al., 2016).

Question 3 of this research explores the potential of a software-based
educational assessment tool to improve teachers' question design skills.
The study, informed by Patel et al (2016), revealed that the tool, Test
Blueprint, effectively assigns topic weights, aligns questions with
learning objectives, and reduces examiner variability. To enhance user
accessibility, the software was designed as a web app, offering easy
updates and cross-platform compatibility. It also allows customization
of test content and offers diverse question formats, enriching the
assessment development process. These enhancements signify a
concerted effort to advance assessment practices in education.

6. Conclusion

Developing software with appropriate quality based on user needs and
scientific principles is one of the important tasks in software
development. The features, architecture, and design of the software, as
well as the methods to eliminate the weaknesses and challenges that
may affect the software quality, must be considered. In this paper, we
used artificial intelligence and expert opinions to achieve the best
solution for the software. Therefore, we aimed to design a type of
software with acceptable quality based on scientific and practical
principles by identifying user needs with a suitable architecture in order
to meet them.
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