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ARTICLE INFO ABSTRACT

Keywords: Alignment studies can offer valuable insights to educators about the effectiveness of the course
Alignment objectives, assessments, and teaching. In this particular study, the aim was to determine the
Analysis

extent to which teacher-made tests aligned with the learning objectives of natural science sub-
jects. The study included a total of 180 learning objectives (46 from Biology, 71 from Chemistry,
Teacher.made tests and 63 from Physics) and 88 test items (30 from Biology, 30 from Chemistry, and 28 from
Course objectives Physics). Bloom’s revised taxonomy was used to identify, organize, and code the objectives and
Bloom’s taxonomy test items. Porter’s alignment index was used to analyze the data, allowing for determining the
Porter’s alignment model degree of alignment between tests and learning objectives. The results showed that the overall
alignment between teacher-made tests with course objectives was 45 % for Biology, 46 % for
Chemistry, and 62 % for Physics. The study also found that a dependable degree of alignment was
not yet established between learning objectives and tests. Therefore, it was suggested that
teachers should use assessment procedures and blueprints that consider higher-order cognitive
levels and expected learning objectives. Further investigations are also required to determine
whether students are meeting the expected learning objectives and moving to the next grade
level.

Assessment
Learning objectives

1. Introduction

According to the Ethiopian Ministry of Education [1], education is crucial for a country to become a knowledge-based society that
effectively utilizes new technology to solve present and future problems. However, educational policymakers are currently grappling
with the challenge of equipping students with the knowledge, skills, and attitudes necessary to thrive in a globalized 21st century [2].
The National School Curriculum, which outlines a program of learning, is a critical document that reflects the nation’s aspirations and
prepares citizens for future challenges. Unfortunately, despite initial excitement during its adoption, many have been left disappointed
with the implementation of curriculum documents [3].

The Ethiopian Ministry of Education has recently implemented a new curriculum framework aimed at addressing educational
challenges in Ethiopia. Among these challenges are inadequate teaching methods and difficulties in assessment implementation, which
have contributed to a decline in educational quality and course objectives. As Yambi [4] notes, well-designed assessment strategies
play a crucial role in educational decision-making and are essential for ongoing quality improvement processes at the lesson, course,
and curriculum levels. Additionally, National Research Council [NRC] [5] emphasizes the importance of aligning educational
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assessments with curriculum and instruction to support students’ classroom learning.

Alignment studies are a valuable tool for researchers to systematically analyze the various components of an educational system,
comparing their content and evaluating their level of agreement [6]. These studies provide insight into the extent to which assessments
and standards align with students’ classroom learning. Standards refer to descriptions of the knowledge, skills, and abilities that
students are expected to develop in a specific subject area [7]. In this study, “standards” refer to the “course objectives” outlined in
science curricular materials. Assessments, on the other hand, are tools used to gather data on what students have learned. Examples
include summative, formative, and teacher-made tests. For the purposes of this study, “assessment” refers specifically to teacher-made
tests, particularly the final exam administered at the end of a semester. These tests are typically designed to measure outcomes and
content in line with the national curriculum and are expected to cover the entire content area with a large number of items. Classroom
teachers rely on assessments to determine what to teach, how to teach, and what instructional materials are appropriate for students’
classroom learning [8]. As such, teacher-made tests play a significant role in maintaining the quality of education. They are used to
establish whether students have met the learning objectives, identify areas for improvement, and provide necessary feedback and
revisions [9]. Teacher-made tests offer advantages over standardized tests in contributing to the achievement of educational goals, as
they are developed directly from the learning objectives of the courses taught in the classroom.

The success of education largely hinges on establishing a significant connection between educational components like learning
objectives and the accuracy and effectiveness of corresponding assessments. The Ethiopian curriculum, newly developed, aims to
integrate higher-order learning into its course objectives, which include critical thinking, analysis, evaluation, creation, and problem-
solving [10]. In light of this, teachers must ensure that there is a match between such higher-order learning and item construction in
assessments. Assessments that focus solely on knowledge recall tend to encourage shallow learning, whereas assessments that
incorporate low to high levels of learning, from basic to critical thinking and creative problem-solving, tend to lead to higher levels of
student performance and achievement [11]. Therefore, teachers must possess the necessary skills and abilities to help their students
enhance and develop their higher-order thinking capacities as outlined in curricular documents [12]. It is reasonable to assume that
students will attain their expected knowledge, skills, and abilities as stated by national curricular objectives when there is a better
alignment between course objectives and teacher-made tests. Conversely, it becomes challenging to gauge a student’s learning when
assessments and course objectives are not aligned [13].

Currently, in the Ethiopian context, almost all students are getting passing marks to be promoted from one grade to another without
any challenge. However, most students are facing a great challenge in scoring pass marks on national exams. For instance, National
Learning Assessments (NLA) conducted in 2000/01, 2004/05, and 2007/08 in grades 4 and 8 showed that the composite scores of
students are always below the national minimum of 50 % [14]. Besides, the mean scores are going down from 47.9 % to 40.9 % in
grade 4 and from 41.1 % to 35.6 % in grade 8 between the first and third NLA. Very poor achievements have also been observed in
grades 10 and 12 NLA report of 2010 [15]: only 13.8 % of Grade 10 students and 34.9 % of grade 12 students have passing marks (50 %
and above) in the science subjects, Mathematics and English [16]. It is also worth mentioning that the 2022 and 2023 students’ poor
achievement (only 3.3 % and 3.2 % of students scored a passing mark respectively) in the National grade 12 Examination [17]. As a
result, what is happening in the education sector requires immediate attention and adjustment.

To address the issue of low student scores on regional and national exams, one potential solution is to assess how effectively
teacher-made tests align with standards, specifically course objectives. It is also important to evaluate tests in terms of Bloom’s
Taxonomy’s cognitive demands, which range from higher-order thinking skills such as analysis, evaluation, and creation to lower-level
skills like remembering, understanding, and applying (For more information on this topic, please refer to the conceptual framework section).
By evaluating whether students are being assessed following the established course objectives, it is possible to gain valuable insights
into their performance. However, there is currently a paucity of research at the national levels on the alignment of teacher-made tests
with standards. While there is literature supporting the use of a table of specifications or test blueprint to determine the validity of
teacher-made tests, there is little information available on how to make these tests compatible with different levels of course objectives
[18,19].

To ensure that the newly developed national curriculum is being effectively implemented, it is crucial to gather empirical evidence
on the alignment between teacher-made tests and course objectives with the revised course objectives and assessment practices [10].
This is particularly important because a lack of coherence between assessment, instruction, and curriculum has hindered the imple-
mentation of a constructivist approach to education, which is the foundation of competency-based learning [20]. Thus, the imple-
mentation of a new curriculum framework is imperative to address Ethiopia’s ongoing educational challenges.

As has been previously mentioned, a decline in educational quality that has not been adequately noticed over the years has come to
light in the public discourse since the 2021/2022 academic year, when the majority of grade 12 students scored a significantly lower
achievement on the national examination. In a similar vein, students frequently struggle to pass the regional exams for grade 8. The
researchers now have the opportunity to more easily question why students who passed teacher-made examinations from primary
school through secondary school did not meet the course objectives set by the regional and national governments. Thus, alignment
studies allow researchers to determine whether teaching, assessment, and course objectives are all working together harmoniously to
provide reliable teacher assessments of student achievement.

To this end, the researchers’ motivation to carry out this study was to find a pertinent solution to this practical problem. Even
though the scope and magnitude of this study are small, it is hoped that the results will help one determine the degree of agreement
between the two components (teacher-made tests and objectives) and may shed light on the “black box” of classroom instruction,
which may reveal some information about what actually happened during teaching and learning in the classroom. This could provide
guidance on corrective actions to be taken during the next national curriculum framework implementation, as well as act as an
indication for educators to reconsider and modify their assessment procedures in accordance with the stated objectives.
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This study aims to determine the degree to which teacher-created tests align with the learning objectives of natural science subjects
for 10th-grade students, as well as their cognitive demands. As Townley [21] notes, science education is intended to foster a scien-
tifically literate society, which includes problem-solving, evidence-based, decision-making, and reasoning-based judgment. The re-
searchers, who possess extensive experience in teaching science and education, undertook this investigation to address this issue. To
guide the research, the researchers utilized the following questions:

1. To what extent do teacher-made tests align with the learning objectives of science subjects?
2. Are the learning objectives of science subjects in agreement with the six levels of Bloom’s cognitive demand?
3. Are the test items constructed by the teachers complement with the six levels of Bloom’s cognitive demand?

2. Conceptual framework

In the context of education, alignment could refer to a variety of concepts. It describes the degree of consistency between two or all
three of an educational system’s constituent parts, namely instruction, assessments, and course objectives [22]. One way to describe
this would be that each assessment item corresponds to one or two course objectives [7]. Thus, one way to demonstrate or assess the
relationship between curriculum, assessment, and instruction is through alignment research.

Despite the paucity of research on the use of alignment research in the classroom [22], the findings of an alignment study may be
able to assist educators, policymakers, and assessment developers in fine-tuning curriculum, assessment, and instruction to better
support student expectations. Researchers can systematically examine the various elements of an educational system through align-
ment studies, comparing their content and evaluating how well they align. Additionally, they offer data on how closely course ob-
jectives and assessments correspond with in-class instruction [6].

Course objectives in education refer to the guidelines outlining the skills and knowledge students should know, as well as how well
they should demonstrate these abilities [7]. The standards-based reform movement is built on the premise that stakeholders in an
educational system can agree on certain content standards for each subject area [23]. Assessment is another critical aspect of edu-
cation, where educators gather, analyze, and interpret data on student performance to make informed decisions and evaluate in-
struction [24]. This process involves tracking progress, motivating students, evaluating instructional approaches, and grading students
based on their overall performance or expected competencies [11]. Teaching, in contrast, involves guiding students in developing the
required knowledge and skills through instruction [25]. It encompasses design, content selection, delivery, assessment, and reflection,
and can be implicitly represented in argument discussions of alignment between course objectives and assessment strategies [7].

As a result, the primary standards-based scientific education reforms prioritize the alignment between the course objectives and
assessments, despite the fact that there are other types of alignment between educational components [7]. In light of theoretical or
empirical educational research, this may be connected to the expectation that course objectives and teacher-made tests alignment lead
to evidence-based students’ learning and professional development [24]. This suggests that empirical research or theoretical un-
derpinnings are needed for the educational components to create evidence-based learning output concerning course objectives and
teacher-made tests alignment. In view of this, the current study investigated how standards (course objectives) and assessments
(teacher-made tests) aligned alongside a theoretical model (in this case, the combination of Porter [26] and Bloom’s revised Tax-
onomy), as depicted in Fig. 1.

Bloom’s Taxonomy is a hierarchical model that categorizes learning objectives into different levels of complexity. The levels range
from basic knowledge and understanding to more intricate evaluation and creation [27]. The original model, established by Bloom and
his colleagues, included six critical elements: knowledge, comprehension, application, analysis, synthesis, and evaluation. However,
the original taxonomy faced criticism regarding its development and application, leading to its evolution into the revised Bloom’s
taxonomy (Booker, 2007; Chyung & Stepich, 2003). Critics argued that the model’s emphasis on analytic learning and assessment was
not holistic and reduced the acquisition of lower-order learning, such as facts. Consequently, the revised Bloom’s taxonomy was
developed to address these concerns and provide a more comprehensive framework for educational purposes [7,27]. This revised
model consists of six levels of cognitive complexities: remember, understand, apply, analyze, evaluate, and create. It is applicable across all
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Fig. 1. Demonstrates the combination of Porter’s model and Bloom’s Taxonomy as a conceptual framework to guide the alignment study.
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levels of education and subjects and aims to align assessment with objectives.

The Porter model, also known as Surveys of Enacted Curriculum (SEC), is a tool designed to compare different components of an
educational system, such as teaching and assessments, assessments and standards, and standards and teaching in science and math
[26]. It consists of two dimensions: cognitive and content. The content dimension comprises performance standards for students or a
list of science and math topics without a hierarchy. For this study, topics (key concepts under each unit) from science subject units
(collection of different topics) covered in the given semester were used. The cognitive dimension consists of a hierarchical list of
cognitive complexities ranging from low to high levels. The revised Bloom’s taxonomy was used for this dimension. The course ob-
jectives and teacher-made tests were evaluated based on the six levels of Bloom’s taxonomy. Using these two dimensions, the model
determined how well the test aligned with the course objectives and guided data collection, coding, and analysis (refer to Fig. 1).

3. Method
This section describes the research method, the research settings, participants, data collecting, and data analysis procedures.
3.1. Research method

A research paradigm is a perspective based on a set of assumptions, concepts, and values, about doing research (Stringer, 2007).
Besides, the approaches adopted and methods of data collection to be selected depend on the nature of the inquiry and the type of
information required (Bell & Waters, 2018). This section will discuss in detail the method used in the research, which employed the
Revised Bloom Taxonomy Anderson and Krathwohl [27] and Porter’s [26] alignment approach to determine the degree to which
teacher-made tests align with course objectives.

As it was discussed in the conceptual framework section, the combinations of frameworks developed by Bloom and Porter cate-
gorize both content and cognitive complexities explicitly and enable one to analyze the alignment between different constructs.
Bloom’s and Porter’s taxonomy are the most appropriate models to determine the alignment between assessment and standards [7,28,
29]. Hence, for this study, the first dimension involves the science topics covered by a single semester of the high school calendar. The
science subjects (biology, chemistry, and physics) are supposed to cover the three last chapters in the second semester of the school
calendar. The reason for selecting the science subjects is because the student’s scores on the subjects have never exceeded 35 % across
all national learning assessments to date [17]. The second dimension involves the six levels of revised Bloom’s taxonomy. Hence, this
combination provides a way to compute an alignment index that describes the agreement between constructs, i.e. objective and test
items, using cell values [26].

3.2. Research site, participants and sampling techniques

This research investigation was carried out in a school located in the X (to protect confidentiality) zone of central Ethiopia Regional
State, which was recently established. The researchers chose this location for two reasons: Firstly, it provided them with access to
relevant data, as it was situated nearby to the institution where the researchers are working. Secondly, it was one of the zones where
the recently introduced national curriculum was being pilot-tested in selected schools. Hence, it was an appropriate site for this
investigation.

To determine the alignment between the course objectives and teacher-made tests, the researchers collected data from the Ethi-
opian national curriculum materials for content objectives. Consent was established with the teachers in charge of each subject and the
school administration to collect final exam tests from the school. Final exams were preferred over tests constructed by individual
teachers, as the tests are typically developed independently by each teacher for only a specific topic or chapter and are not replicable.
On the other hand, final exams are constructed by a group of teachers, reviewed, and refined by all the teachers involved in teaching
the subjects. The researchers collected a final exam consisting of 28 question items for physics, 30 for biology, and 30 for chemistry.
These were the total number of items constructed for the subjects during the semester that the research was conducted.

3.3. Data collecting procedures and its coding

The Porter model was preferred for this study due to “its relative simplicity in calculation and broad applicability” [29] and allows
to one to use educational models such as Revised Bloom’s Taxonomy. The Porter’s alignment index can be used to analyze the degree of

Table 1
Objective table for the three subjects.
Biology Chemistry Physics

Remember 11 27 24
Understand 16 15 20
Apply 4 17 15
Analyze 11 8 2
Evaluate 3 2 1
Create 1 2 2
Total 46 71 63
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match between any two educational variables. It allows for determining the alignment between two variables, in this case, course
objectives and teacher-made tests using two tables (Table 1 for curriculum objectives and Table 2 for teacher-made tests).

In order to code the materials (the course objectives and teacher-made tests), we utilized Porter’s [26] coding scheme, which
incorporated a revised version of Bloom’s Taxonomy (which we will explain in later sections). To ensure accuracy, we enlisted the help
of three subject matter experts who possess extensive background experience. The first expert has taught college physics and science
research project methods, as well as courses on teaching methodology, and has published articles in reputable journals. The second
expert is a curriculum specialist who has taught biology, curriculum, and education courses, and has also published articles on research
methods. The third expert is a chemistry instructor who has taught chemistry and teaching methodology courses for over 20 years,
both at the high school and college levels.

The alignment investigation started with a review of the literature and discussions among experts on commonly used action verbs
for science subjects. The objectives were collected from three units (unit 4 to unit 6) of each subject because the final examination of
the three subjects is expected to involve these three units from grade 10 science subjects according to the school’s calendar. Addi-
tionally, the three units of each subject are the units that should be covered during the semester according to the school program.
During this time, teachers are supposed to create common items that include all of the content areas.

In Ethiopian schools, there could be more than ten sections in a single grade. As a result, more than three teachers could teach the
same subject. The teachers who are teaching the subject together will create the final test items. It is expected that all teachers
collaborate, review, and approve a common test item set that will be given to every student who has learned the subject matter. These
items act as a model for the national exam that will be given after completing grade 12 and help students prepare for it.

To analyze the alignment between these tests and course objectives, a discussion was held among the experts on how to code and
categorize objectives from syllabi materials and test items into six levels of revised Bloom’s taxonomy. The following action verbs were
derived from literature and used for coding purposes to allow the representation of each item or objective in line with one of the
relevant action verbs:

e Remember: list, indicate, name, recall, identify, recognize, define, state, tell, and describe

e Understand: interpret summarize, explain, paraphrase, differentiate, demonstrate, classify, outline, report, point out, draw, label,
and compare.

e Analyze: analyze, organize, contrast, distinguish, discuss, examine, find out, explore, devise, collect, and interpret.

e Evaluate: evaluate, estimate, debate, judge, defend, criticize, justify, recommend, choose, verify, infer, predict, and argue.

e Create: generate, plan, produce, construct, create, design, formulate, imagine, improve, inventpropose, develop, and report

After having a common consensus on the action verbs for each level, the experts began to list objectives from the curriculum
materials, identify the key terms or phrases for each item and objective, and then the experts categorize (i) objectives of the three
subjects’ syllabi materials from the three units and (ii) test items developed to measure the three units of each subject into different
cells and six levels (see the steps below). Every objective and test item’s keyword or phrase is first identified, then categorized, coded,
and assigned by each expert into one or more of the cells that determine the intersection of cognitive demand and topics. The data was
coded using letters like O and T to stand for objectives and tests, and B, C, and P to denote the three subjects: Biology, Chemistry, and
Physics, respectively [30]. To indicate the units from which the items and objectives were derived as well as the cell in which the item
or objective is situated with respect to Bloom’s cognitive level, numbers were assigned. For example, a Biology objective with the code
“B0-6.4.3” belongs to unit 6, Section 4, and is the third objective in the section.

The coders completed their tasks independently using agreed-upon action verbs on the revised Bloom’s taxonomy. The inter-rater
reliability was determined using Cohen’s Kappa index of reliability. The inter-rater reliability was 0.86 (n = 46, p < 0.000) for biology,
0.81 (n =71, p < 0.000) for chemistry and, 0.89 (n = 63, p < 0.000) for physics objectives. Likewise, the inter-rater reliability was 0.79
(n = 30, p < 0.000) for biology, 0.76 (n = 30, p < 0.000) for chemistry, and, 0.85 (n = 28, p < 0.000) for physics test items. Hence,
there is an acceptable agreement for the experts [31,30].

The experts then discussed some disagreements and differences to resolve the concerns [32] and finally developed common tables
for both objectives and test items (see Tables 1 and 2). Two constructs are used for coding in the Porter [26] alignment index. Ac-
cording to Porter [26], to determine the alignment between two constructs, there is a need to create tables for the constructs (both
objectives and tests), compute ratios of the constructs, and their absolute discrepancies [27]. To accomplish this, common rating tables

Table 2
Test table for the three subjects.
Biology Chemistry Physics
Unit 4 Unit 5 Unit 6 Unit 4 Unit 5 Unit 6 others Unit 4 Unit 5 Unit 6

Remember 1 16 0 6 2 3 5 2 3 3
Understand 1 9 0 2 1 3 3 2 1 0
Apply 0 0 0 0 0 1 4 5 3 9
Analyze 2 1 0 0 0 0 0 0 0 0
Evaluate 0 0 0 0 0 0 0 0 0 0
Create 0 0 0 0 0 0 0 0 0 0
Total 4 26 0 8 3 7 12 9 7 12
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were prepared for analysis, ratios, and their discrepancies were computed, and the alignment of the tests and objectives was computed.
All of this is displayed below under steps a, b, c, and d.

3.3.1. Objectives and test item identification

To determine the alignment index, the initial step is to construct tables that display the number of objectives and items representing
the constructs. Tables 1 and 2 present a two-dimensional matrix that outlines the objectives and final exam assessments of three
different subjects. The objectives were collected from the last three units of grade 10 science subjects, specifically units 4 through 6, as
they culminate in the final examination. For biology, the experts agreed upon 11, 16, 4, 11, 3, and 1 objectives for remembering,
understanding, applying, analyzing, evaluating, and creating, respectively. For chemistry, the objectives for remembering, under-
standing, applying, analyzing, evaluating, and creating from unit 4 through unit 6 are 27, 15, 17, 8, 2, and 2, respectively. For physics,
the objectives for remembering, understanding, applying, analyzing, evaluating, and creating from unit 4 through unit 6 are 24, 20, 15,
2, 1, and 1, respectively.

According to the agreement of three experts, the number of biology teacher-made test items for remembering, understanding,
applying, analyzing, evaluating, and creating in units 4 through 6 is 17, 10, 0, 3, 0, and O respectively. For chemistry, the numbers are
16, 9, 5, 0, 0, and O respectively, with 12 additional items from other contents categorized as “Others”. In the case of physics, the
agreed numbers for the same categories in units 4 through 6 are 8, 3, 17, 0, 0, and 0 respectively. On the other hand, the biology test
items did not measure any content standard listed under unit 6, ecological interactions.

3.3.2. Ratio calculations

At the outset, we meticulously planned and organized the two tables - one delineating the objectives and the other enlisting the test
items (see Tables 1 and 2). Both tables were meticulously designed using a two-dimensional matrix, where the columns represented the
three units of each subject and the rows indicated the levels of cognitive demand. We then proceeded to calculate the ratio of each cell
value by dividing the number of objectives or tests under each cell by the total number of objectives or tests, and arranged the results in
Table 3. By doing so, we first calculated the distribution of tests and objectives across the six cognitive levels individually, as illustrated
in Table 3 before discrepancies between tests and objectives were determined.

3.3.3. Discrepancies calculations

Upon computing the ratio of objectives and tests, the discrepancies between them were calculated for each cell and recorded in
Table 4 for biology, chemistry, and physics. The discrepancy between the test and objective of the iy, cell was computed using the
formula X; — Y;. The overall absolute discrepancy was then determined by summing the absolute discrepancies across all cells.

3.3.4. Alignment calculations

In summary, the process involved identifying the number of objectives and test items obtained from the curriculum materials and
school item bank respectively, calculating the ratio of objectives and tests for each level of cognitive complexity, determining dis-
crepancies for each cognitive level, and ultimately computing the alignment between the objectives and tests using Porter’s alignment
index equation [26] shown below.

n

P=1-)Y"

i=1

X - Y;
2

P in Ref. [26] indicates Porter’s alignment index and ranges from O (refers to no alignment) to 1 (refers to highest alignment), X;
indicates the ratio of standards in the iy, cell of curriculum objectives table and Y; represents the ratio of tests in the iy, cell of
teacher-made tests table, both are with a value from O to 1.

3.3.4.1. An example of how objectives were categorized and coded. One of the objectives in the biology grade 10 curriculum course
objectives, under unit 4 is, “At the end of this section, the student will be able to define cell cycle”. The action verb used in this objective
is “define,” and it falls under the “remember” level of the revised Bloom’s cognitive level. This objective requires students to remember
the definition stated in the textbook. It is categorized under the “Cell division” column and the “Remember” row because this cell is
denoted for the first level of cognitive demand (Remember) and in unit four (Cell division). It is coded as BO-4.1.1 (see Table 5). “B"
represents biology, “O" represents objective, “4" stands for the unit where the objective was placed, the first “1” represents the topic

Table 3
Objectives and tests ratios for natural science subjects.
Biology Chemistry Physics
Objectives Tests Objectives Tests Objectives Tests
Remember 0.237 0.563 0.38 0.53 0.385 0.291
Understand 0.345 0.333 0.212 0.3 0.313 0.107
Apply 0.087 0 0.236 0.17 0.24 0.61
Analyze 0.243 0.099 0.113 0 0.032 0
Evaluate 0.065 0 0.028 0 0.016 0
Create 0.022 0 0.028 0 0.016 0




T. Abate and E. Mishore Heliyon 10 (2024) 31869

Table 4
Discrepancies of objectives and tests for natural science subjects.
Remember Understand Apply Analyze Evaluate Create
Biology 0.434 0.312 0.087 0.19 0.065 0.022
Chemistry 0.383 0.2 0.336 0.113 0.028 0.028
Physics 0.124 0.206 0.37 0.032 0.016 0.016

under which the objective is located, and the last “1” stands for the objective number (in this case, the first objective under the
mentioned topic).

Another example from Unit 6 biology is, “At the end of this section, the student will be able to construct food chains and food webs
based on observed feeding relationships among common organisms in their locality.” The action verb used in this objective is
“construct,” and students are expected to construct the food chain and food web by analyzing to create a link between the feeding type
with the locally available organisms involved in the food chain in terms of producers, primary consumers, secondary consumers, and so
on. It is categorized under the row of unit 6, “ecological interactions,” column of “Analyze,” and coded as BO-6.1.2. “6" stands for the
unit where the objective was placed, “1” represents the topic under which the objective is located, and the last “2" stands for the
objective number (in this case, the second objective under the mentioned topic of the textbook).

The same procedure was followed to categorize and code the remaining objectives of biology, chemistry, and physics as well.

3.3.4.2. An example of how tests were categorized and coded. One of the physics items constructed by the school teacher was presented
as follows. A school teacher created a physics problem involving two charges of equal magnitude but opposite sign, Q1 = 9 x 10°C and
Q2 = -9x10°C, placed 60 cm apart. The question requires students to use the electric field concept and the formula taught in class to
calculate the net electric field midway between the two charges, using the value K = 9 x 10° Nm?/C2. The question uses the action verb
“calculate”, which is classified under “apply” in Bloom’s revised cognitive levels. This question is identified as one of the questions
measuring students’ application level from the topic of static and current electricity under Unit 4. As a result, it was coded as PT-4-23,
where P stands for physics, T for test, 4 for the unit number, and 23 for the item number (see Table 6).

Another example is the statement “Magnetic field lines never intersect each other,” which requires students to write true or false.
This question assesses students’ ability to recall what they have learned or read in the textbook. The verb used in the question is not
explicitly stated, but it requires students to remember what they have already read in their textbook. This verb is classified under
“remember” in Bloom’s revised cognitive levels. As a result, this question was coded as PT-5-6, where P stands for physics, T for test, 5
for the unit number, and 6 for the item number.

The same categorization and coding procedure was used for all other physics, biology and chemistry questions.

4. Results

The following section pertains to the data analysis and interpretation of research findings to address the fundamental research
questions of the study.

4.1. Comparison of teacher made tests against learning objectives of science subjects

Fig. 2 shows the comparison of emphasis placed on course objectives and teacher-made tests about the cognitive demand. As could
be seen from Fig. 2, test item construction overemphasized cognitive skill-remember (56 %) because it accounted for more than twice
as much emphasis on the biology objectives (24 %) indicated in the policy document. Concerning understanding, the attention given to
the objectives (35 %) and teacher-made tests (33 %) shows a fair representation or a closer variation between the two components. A
moderate variation is exhibited in the proportion of analysis (24 %) for objectives and (10 %) for the test. For objectives, (8.7 %) apply,
(6.5 %) evaluate and (2.2 %) create given emphasis at a decreasing proportion yet they are overlooked during test construction.

According to Fig. 3 above, there appears to be an overemphasis on tests for remembering (53 %) and understanding (30 %), while
the course objectives for remembering (38 %) and understanding (21 %) are given less attention. Whereas (17 %) of tests seem to
underrepresent (24 %) objectives for the cognitive demand apply and the remaining objectives for analyze (11 %), evaluate (2.8 %),
and create (2.8 %) had no representing test item at all. Apart from a heavy emphasis placed on remembering and followed by apply; the
objectives are distributed across all the cognitive levels. Instead, the tests focused on lower-order cognitive skills which favor learning
by remembering or rote memorization.

Based on the data presented in Fig. 4, it appears that the Physics subject objectives place greater emphasis on remembering (38 %)

Table 5
Demonstrates how objectives were categorized and coded.
Units Remember Understand Apply Analyze Evaluate Create
4: Cell Division BO-4.1.1
5: Human biology
6: ecological interactions BO-6.1.2
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Table 6

Demonstrates how tests were categorized and coded.
Units Remember Understand Apply Analyze Evaluate Create
4. Static and Current ... PT-4-23
5. Magnetism PT-5-6

6. Electromagnetic Waves
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Fig. 2. Comparison of biology learning objectives and teacher made test by cognitive levels.
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Fig. 3. Comparison of chemistry learning objectives and teacher made test by cognitive levels.

than understanding (24 %) or application (15 %). On the other hand, the higher-order cognitive levels of analyze (3.2 %), evaluate
(1.6 %), and create (1.6 %) seem to be given less weight, as they are represented by comparatively small percentages. However, when it
comes to testing, the emphasis shifts toward application (61 %) and remembering (29 %), with understanding (11 %) receiving the
least emphasis. The remaining cognitive levels are not given any attention in testing.

Tests reflect what has been taught in the classroom which is also dictated by the course objectives stated in the policy document.
Thus, other than variations exhibited in the extent of emphasis both the objectives and test item construction placed higher attention to
the lower cognitive levels. Again, very high application knowledge demonstrated in the test is not supported by giving adequate
emphasis to understanding that gives sufficient conceptual background knowledge for application.

Fig. 5 presents a striking deviation in the application and remembering of scientific knowledge, as shown by a line graph. Spe-
cifically, in biology subject, there is a notable difference between the test results and the course objectives. The gap between the two is
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Fig. 4. Comparison of physics learning objectives and teacher made test by cognitive levels.

most evident in the area of remembering (43 %), followed by understanding (31 %), and then further reduced in the area of application
(8.7 %). However, the gap widens once again in the area of analysis (19 %). This suggests that biology test items are less aligned with
the stated course objectives, which could be due to the curriculum’s emphasis on understanding, followed by remembering and
analysis. On the other hand, test items that require application, evaluation, and creation have been overlooked, resulting in a lack of
emphasis in these cognitive areas.

Even if the trend of the line graph appears similar for Chemistry and Physics subjects and the discrepancy between tests and ob-
jectives is not as evident as in biology, misalignment persists in both subjects. Accordingly, Chemistry bears its highest discrepancy on
remember (38 %) and apply (33 %) with the subsequent decline from understand (20 %) to the other respective higher order levels. In
Physics, on the other hand, a considerable discrepancy between tests and objectives is shown on apply (37 %) along with a substantial
decrease from understanding (20 %) to remembering (12.4 %) and the discrepancy becoming much insignificant in the remaining
higher levels. Apart from the extent of discrepancy varies from one another, the two most influential discrepancy levels between tests
and objectives among science subjects have been exhibited in remembering and understanding Biology, remembering and applying
Chemistry, and applying and understanding Physics indicating more significant discrepancy lies between the first three cognitive
levels. On the contrary, in the next three higher-order levels the discrepancy between the two components gets narrower and narrower
from Biology to Chemistry and then to Physics which demonstrates that tests and objectives are more likely aligned than the lower-
level.

According to Porter’s alignment index, the alignment between teacher-made tests and objectives is 45 % for Biology, 46 % for
Chemistry, and 62 % for Physics. As a result, the alignment between tests and objectives in Physics (62 %) is relatively better when
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Fig. 5. Discrepancies between objectives and teacher made tests among the science subjects.
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compared to Chemistry and Biology, though it may still not meet the necessary threshold.

4.2. Comparisons of learning objectives by cognitive levels across the three subjects

According to Fig. 6, the natural science subjects place a significant emphasis on the first three lower-order cognitive levels, with
some variations. Chemistry and Physics objectives appear to receive similar emphasis and are closely linked. For example, both
subjects prioritize cognitive demand in the areas of remembering (38 % and 39 %), understanding (21 % and 31 %), and applying (24
% and 24 %) respectively. Biology objectives, on the other hand, prioritize understanding (35 %) and give slightly less attention to
remembering and analyzing (24 % each), while applying (8.7 %) receive less emphasis compared to the other two subjects.

4.3. Comparison of teacher made tests by cognitive levels across the three subjects

There is a notable distinction between the values of test items in Fig. 7 and the objectives outlined in Fig. 6, which are based on
cognitive demands. Tests should accurately measure the objectives stated in the curriculum document and should also take into ac-
count theoretical models about students’ competence-based performances. For example, the “remember” cognitive level has the
highest proportion of test items in Biology (56 %) and Chemistry (53 %), while “understand” consists of only (33 %) and (30 %) of test
items, respectively. In Chemistry, “application” is less emphasized and is completely ignored in Biology, as it seems to be replaced by
“analysis.” In Physics, however, an over-emphasis is placed on “applying” (61 %), while “remember” (29 %) and “understand” (11 %)
take up the remaining share.

On the other hand, none of the three subjects have a single item that represents all three of the higher cognitive levels, except for
Biology, which has a proportion of roughly 10 % for the level of analysis. Despite variations in emphasis across subject areas, objectives
are distributed across all cognitive levels, but test items are largely concentrated in the first three lower cognitive levels. This highlights
an over-emphasis on lower cognitive levels and a lack of attention to the higher levels of test item construction.

5. Discussion and conclusion
5.1. Discussion

The basic assumption of a standards-based approach to science education is the alignment among instruction, assessment, and
content standards to create equal opportunities for students to achieve expected learning outcomes [24]. Thus this study intends to
analyze the alignment of teacher-made tests with the course objectives of science subjects. Since tests are designed to measure the
objectives stated in the policy document, it would be logical to compare how the objectives of science subjects are emphasized and
displayed across cognitive levels concerning tests.

Even though both teacher-made tests and science course objectives have a major focus on lower levels in common, the results of the
current study indicated that the distribution of test items did not align with the stated objectives. This can be seen in the discrepancies
between the test and the objectives. For example, in biology, remembering 0.434 (43.4 %) and understanding 0.312 (31.2 %)
constituted the highest discrepancy 0.746 (74.6 %) followed by 0.719 (71.9 %) which is attributed to remembering 38.3 % and apply
33.6 % in Chemistry (see Table 4). In Physics, on the other hand, the highest discrepancy between tests and objectives reaches its
highest at 57.6 % by adding up apply 0.37 (37.0 %) and understand 0.206 (20.6 %). The highest discrepancy demonstrated in biology
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Fig. 6. Comparison of learning objectives by cognitive levels across three subjects.
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Fig. 7. Comparison of teacher made tests by cognitive levels across the three subjects.

reveals that the tests are the least aligned with the objectives in comparison to Chemistry and Physics.

When examining learning objectives across three subjects, the focus was on the lower-order thinking level (as shown in Fig. 6).
Chemistry and Physics placed significant emphasis on the least cognitive level, remembering (38 % and 39 %, respectively). In
contrast, Biology placed comparable emphasis on the next cognitive level, understanding (35 %), and then on the higher-order
cognitive skill of analysis (24 %). This is in line with previous studies that reveal most assessment items in education focus only on
low-level cognitive skills [33-36]. The Ethiopian policy document, however, describes the new curriculum framework as being based
on competency-based education, which prepares learners for the challenges of the 21st century and equips them with the necessary
coping skills. To achieve this, there needs to be a shift in relative emphasis from lower-order thinking skills to higher-order cognitive
demands.

Though the Porter model does not provide an explicit acceptable range for the alignment index, some literature suggests an average
acceptable degree of alignment. For instance, some studies indicate that an acceptable degree of alignment between objectives and
assessments is at least 70 % and that an alignment of between 60 % and 70 % is also seen as a weakly acceptable level (Webb, 2002),
others suggest that more than 75 % response rate was considered as a good indicator of alignment between any two educational
components [6,26]. Some others also reported on the work of Porter [26] and computed an inter-rater reliability coefficient of 0.7 for
two raters and an inter-rater reliability coefficient of 0.8 for four raters considered an acceptable range [30]. In this respect, though
Physics (62 %) had a comparatively better alignment of tests and objectives than Chemistry (46 %) and Biology (45 %), the three
subjects did not exhibit the high level of alignment as suggested by the literature.

This generally suggests that the procedures used by teachers to create items did not adhere to a standard-based assessment
methodology which demands a checklist for the match between learning objectives and items, item development procedures,
assessment blueprint, and performance-level descriptors [37]. According to Alade and Igbinosa [38], there is frequently a genuine
discrepancy between the content covered in class and the assessment at the end of the unit test. Additionally, a test that lacks coherence
makes it impossible for teachers to make an accurate assessment of a student’s academic performance. Carpenter et al. [39] also
pointed out that as teachers are the ones who implement the curriculum, they have an enormous impact on whether it succeeds or fails.
If the teacher who is supposed to facilitate knowledge to students is incompetent, inexperienced, and unqualified, it will affect the
performance of students.

As Carpenter et al. [39] pointed out alignment may vary from subject to subject, as well as from year to year. It can be again argued
that changes in test question formats, such as including a performance assessment component to supplement a paper-and-pencil test,
may also change the alignment between the standardized test and the content standard. Besides, the below-average alignment of tests
and objectives evident in Biology and Chemistry may be related to the strategy adopted by the teachers during test item construction.
For instance, the collected data analysis indicated that Biology lacked any representing test item for 15 % of objectives distributed at
varying cognitive levels, particularly in unit 6 (see Table 2). Chemistry, on the other hand, incorporated 12 test item questions that
don’t directly represent the expected content areas (see Table 2). It seems that teacher-made tests suffer from content validity which is
largely a function of the content to which test items are a truly representative sample of the content and skills to be learned [40].

According to Gronlund [41], the practical application of a table of specification is to assist classroom teachers in creating
well-aligned summative assessments that reflect the subject matter studied and cognitive processes utilized during instruction. Asuru
[19] similarly views a test blueprint or table of specifications as a grid displaying content, objectives, and the proportion of questions
allocated to each behavioral objective and content topic, all of which aid teachers in testing students across all cognitive domains. The
present study’s findings reveal that underrepresentation and de-prioritization of certain cognitive skills in test construction may be
attributable to a failure to fully utilize the test blueprint or table of specifications.
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Furthermore, it has been stated that the updated curriculum framework is connected with competency-based education, which is
anticipated to be more rigorous. However, the objectives of the science subjects seem to focus more on lower-order cognitive levels
rather than higher ones. For example, remembering and understanding levels combined to account for 27 (58.70 %), 42 (59.15 %), and
44 (69.80 %) of the overall objectives in Biology, Chemistry, and Physics, respectively. Consequently, the majority of science objectives
are comprised of lower-level cognitive skills. The literature suggests that this calls for a reconsideration of the distribution of course
objectives to align with the aspirations of science subjects [13,42]. This indicates that the content distribution of the newly established
curriculum requires reevaluation to incorporate theoretical learning models and high-level student learning. Thus, it is necessary to
consider a model-based standards approach in developing or revising the new curriculum, which necessitates higher-order objectives
in curricular materials [37].

Concerning item construction in relation to considering theoretical models, although the extent of attention drawn by each subject
varies, Chemistry and Physics test items totally (100 %) focused on the first three cognitive levels by neglecting the higher levels.
Likewise, in Biology, 89 % of test items were found to consist of remembering and understanding; and 10 % of analysis by simply
ignoring apply, evaluate, and create. Thus both tests and objectives placed higher emphasis on the lower levels; however, the apparent
difference exhibited on tests is either over or under-representation of test items against the stated objectives at a desired cognitive
level. The results from this study show that item construction doesn’t demonstrate a model-based assessment approach in which
assessments should consider various levels of students’ learning and demand a match between test developments with lower and
higher-order students’ learning [18]. In light of this, Saher et al. [43] argue that assessment strategies that focus predominantly on the
recall of knowledge will likely promote superficial learning. This may be related to the fact that teachers are not skillful in constructing
test items that fairly represent the objectives across the cognitive levels.

Studies have revealed that merely covering topics is not a reliable indicator of student success on standardized tests. It is the
combination of topic coverage and cognitive emphasis that significantly predicts student performance on state standardized tests [44].
Unfortunately, traditional paper-and-pencil test strategies employed by teachers often do not align with the competency-based edu-
cation outlined in the curriculum. Ahmad et al. [45] and Abate et al. [33] contend that traditional assessments tend to focus on a
learner’s ability to memorize and recall which are classified as lower-level cognitive skills. While the effectiveness of teacher-made
tests depends on their skill in test design, research has shown that many teachers lack this expertise.

Classroom-based performance and portfolio assessments differ from traditional assessments in that they primarily evaluate higher-
order thinking skills [34]. Some studies suggest that performance-based assessments are necessary for measuring these skills [12]. To
develop higher-order thinking skills, experts suggest that teachers from different subjects and levels of study collaborate and use
various strategies [43,46]. Traditional testing, on the other hand, may hinder the assessment of these skills and other crucial 21st-cen-
tury competencies due to its item format [34].

5.2. Conclusion

Alignment studies offer teacher educators valuable insights into how well teaching, content standards, and assessments are
functioning, and enabling informed decision-making. It is worth noting that alignment may differ from one subject to another, and
from year to year [29]. Teachers design tests to gauge their students’ learning outcomes, and the alignment between these tests and the
objectives is crucial to measuring the extent to which students have achieved the standards set. Thus, teachers’ evaluations of their
students’ achievements can be more meaningful when based on this alignment. Based on the research findings presented so far, it can
be concluded that the alignment of tests and objectives may vary from one subject to another, especially in science subjects, for various
reasons. For example, some teachers lack the necessary techniques and skills to use the table of specifications or test blueprint that
would enable them to arrive at a representative sample of instructional objectives and subject matter covered in class. Additionally,
traditional assessment strategies, such as paper-and-pencil tests, may suffer from content validity issues when certain units are
overlooked, or when test items are included from content not expected to be covered in a given semester. Finally, assessment strategies
may not be compatible with competency-based education, which demands alternative assessment methods that can evaluate
higher-order thinking skills and other essential competencies required in the 21st century, as noted by Saher [43].

Each traditional and alternative assessment strategy has its own merits and demerits; therefore, teachers should maintain a
reasonable balance between the two assessment strategies while designing for test items so that the weakness of one can be
compensated with the other. Besides, teachers should be equipped with different assessment strategies and skills so that the table of
specifications would receive proper concern during test item construction.

According to the findings of this study, there appears to be a lack of alignment between teacher-made tests and the course objectives
of science subjects, with only 45 % of Biology, 46 % of Chemistry, and 62 % of Physics matching the curriculum objectives. This lack of
alignment may make it challenging to assess students’” higher-order thinking abilities if the curriculum’s goal is to develop such skills,
but the teacher’s test only measures factual knowledge. It suggests that teachers may need to improve their skills in creating tests that
align with learning objectives and instructional techniques to accurately determine students’ knowledge, skills, and abilities.
Therefore, it is recommended that teachers should use assessment procedures and blueprints that consider higher-order cognitive
levels and expected learning objectives in the curriculum. Additionally, it is also required to carry out additional investigations to
determine whether students have to comply with expected learning course objectives in order to advance to the next grade level.
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