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ABSTRACT

Background and Objectives: Analyzing exam questions through a framework specific to chemistry is
essential and has rarely been examined. The purpose of the present study is to investigate the level of
application of Smith, Nakhleh, and Bratz cognitive framework in the final exams of 2019 to 2023, given the
importance of evaluation in the twelfth grade of high school. This framework is a brief analysis of
chemistry and has a superficial and secondary appearance. Methods: The research method was descriptive
and based on the analysis of all questions. The statistical population included all questions from the final
exams of June, September, and December of the textbook, and according to the purpose of the present
study, all questions from 2019 to 2023 were selected. The data collection tool was the Smith, Nakhleh, and
Bartz index question analysis List. Descriptive statistical indices and inferential statistical method of
Shannon-Topsis entropy were used to analyze the data. Findings: Regarding data analysis, in each exam
round, the secondary level, image analysis followed by data analysis, has the highest amount. In some
rounds, macroscopic-microscopic, macroscopic-analytical and prediction of survey results levels had not
been taken into account. Conclusion: Considering the role of the final exam in the career life of students, it
is suggested to use them in specialized design questions in a balanced manner.

Keywords: Smith, Nakhleh and Bretz model, Shannon-Tapsis entropy, Content analysis, Cognitive levels, 12th
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Extended Abstract

Introduction

Evaluation is one of the most important and sensitive components of curriculum development, playing
a key role in its design and development. It helps identify its strengths and weaknesses. Evaluation for
any content area, including chemistry, is designed with the specific goals of that area in mind. It also
influences the revision of those goals, demonstrating a close relationship between objectives and the
aspects being evaluated. Additionally, when designing any curriculum, it's essential to specify the
intended objectives, their scope, and their sequence from the outset. Achieving a conceptual cognitive
level is the primary goal of education. One of the most well-known frameworks is Bloom's taxonomy,
which addresses the cognitive, emotional, and psychomotor domains. The cognitive domain encompasses
processes related to human mental and intellectual activities. Bloom identifies six levels within the
cognitive domain: knowledge, comprehension, application, analysis, synthesis, and evaluation.

In Iran, Bloom's taxonomy is more widely embraced in research and evaluations compared to other
approaches. For instance, Ghalkhani and colleagues, in 2016, analyzed the end-of-term chemistry exam
questions of high schools in Boukan (2011-2013) and the university entrance exam questions (2006-
2013) based on Bloom's cognitive levels. Similarly, Barari and colleagues, in 2019, utilized Bloom's
taxonomy to design educational standards aimed at providing feedback in e-learning environments.

However, Bloom's cognitive levels have certain limitations. For example, some researchers argue that
the hierarchical nature of the learning levels does not necessarily reflect the reality of learning processes.
They also contend that the taxonomy does not adequately address the advancement of science or
emerging fields of knowledge, leaving gaps in coverage. Some of these limitations stem from the inherent
differences in content areas, such as chemistry. For instance, terms like "analysis" and "synthesis" hold
specific meanings in chemistry that correspond to levels four and five in Bloom's taxonomy, leading to
potential misunderstandings. Considering these challenges, the development of a cognitive taxonomy
specifically tailored for chemistry, offering greater clarity and alignment with chemistry concepts, seems
essential to resolve these inconsistencies.

In the field of chemistry, various experts such as Zoller, Stamovlasis, Dori and Hameiri, Wolfskill &
Hanson, Johnstone, Mahaffy and Smith, Nakhleh, and Bretz have proposed diverse cognitive objective
taxonomies. Among these, the Smith, Nakhleh, and Bretz (2010) taxonomy stands out as one of the most
comprehensive chemistry-specific cognitive frameworks. This taxonomy builds upon Zoller’s framework
and the work of other influential chemistry educators over the past three decades. It also integrates the
Bloom-Anderson taxonomy with the specific needs of chemistry as a discipline. Within this framework,
macroscopic quantities like volume and mass, microscopic quantities like moles and particle counts, and
symbolic representations such as formulas and equations are emphasized. Chemistry questions are
categorized into three primary levels: Definition, algorithmic, and conceptual, each further divided into
sublevels.

The "definition" level includes questions requiring students to recall, comprehend, or identify a
definition, subdivided into recall and recognition of definitions.

The "algorithmic" level involves tasks where students must apply prior knowledge and experiences to
macroscopic phenomena, microscopic particles, and symbolic representations like formulas and
equations. This level encompasses four sublevels: macroscopic-microscopic conversions, Macroscopic-
dimensional analysis, Microscopic-symbolic conversions, and multi-step analyses.

The "conceptual” level tasks students with non-algorithmic analysis, with four sublevels: Explanation
of underlying ideas, Analysis of pictorial representations, Analysis/interpretation of data and Prediction of
outcomes.

In-depth evaluations of exam questions using frameworks specifically tailored to chemistry are rare,
both in Iran and globally, yet they are considered crucial. Given that the educational content of our
textbooks closely mirrors that of many other countries, our exams hold potential for international
comparisons. Moreover, the 12th-grade chemistry textbook is designed based on a contextual approach.
Considering the aforementioned points, as well as the significance of evaluation in the 12th grade, this
study aims to assess the application of the Smith, Nakhleh, and Bretz cognitive framework levels in the
final exam questions from 2019 to 2023 (common to the mathematics-physics and experimental sciences
tracks). The primary research question is: Which levels of the Smith, Nakhleh, and Bretz cognitive
taxonomy, and to what extent, have been addressed in the 2019-2023 final exams?



Research in Chemistry Education o i jgel 3O g}

Methodology

This study adopts a descriptive approach, analyzing all questions in its scope. The research is applied
in nature and focuses on quantitative analysis of exam questions (evaluative content). The statistical
population encompasses all final exam questions from June, September, and December across the target
years. Given the study's objective, all questions from 2019 to 2023 were selected, employing a full
enumeration strategy. Data collection was guided by the Smith, Nakhleh, and Bretz question analysis
checklist. To ensure the validity of the study and selection of components, categories from the Smith,
Nakhleh, and Bretz model were validated by experts. Reliability was established using Holsti's formula.
Data analysis began with descriptive statistics to determine the frequency of questions at each level.
Based on the total number of questions, the percentage frequency of each level for each exam was
calculated. This process was applied to the entire statistical population, and the mean percentage
frequencies were derived. Analytical statistics and Shannon-TOPSIS entropy analysis were employed for
detailed examination using Excel.

Results and Discussion

Among the levels of the Smith, Nakhleh, and Bretz model, the highest percentage frequency in the
December exams (28.8%) corresponded to the secondary level of image analysis, followed by data
analysis at 22.1%. Macroscopic and microscopic levels and outcome prediction were not addressed. In
June, image analysis (29.1%) and explanation of fundamental ideas (22.6%) were the most frequent, yet
outcome prediction was overlooked. In September, image analysis dominated (32.8%), followed by data
analysis (21.1%), with macroscopic and microscopic levels again neglected. Shannon entropy determined
the criteria weights, serving as input for the TOPSIS method.

Data analysis revealed that across all three exam sessions, secondary levels of image analysis and data
analysis were of the highest importance. Some sessions neglected macroscopic-microscopic levels,
macroscopic-analytical levels, and outcome prediction, indicating a lack of balance in attention to all
levels.

In all three examination sessions, the highest rank for secondary levels of Smith, Nakhle, and Bertz's
model corresponded to the analysis of images, followed by data analysis. Moreover, in all three sessions,
the conceptual primary level held the greatest significance. Brooke and Towns, in their study examining
chemistry exam questions after implementing Smith, Nakhleh, and Bertz's model, emphasized the use of
the conceptual level, aligning their research findings with the present study. Questions related to
interpreting and analyzing images and data hold importance in subjects like chemistry.

Smith, Nakhleh, and Bertz (2010) associated questions at the definition and algorithmic levels with
traditional objectives, while conceptual-level questions were aligned with modern learning principles.
Given the similarity in educational content across textbooks globally, their comparison is feasible. Smith,
Nakhle, and Bertz (2010) used the standard tests for General Chemistry I and II of the American
Chemical Society to examine their classification. The results for the initial definition, algorithmic, and
conceptual levels were 24%, 23%, and 53%, respectively for the first semester and 38%, 16%, and 46%,
respectively, for the second semester. Both tests roughly had equal proportions of traditional and
conceptual components, designed as a blend of both aspects.

The analysis of final exams from 2010 to 2023 across different sessions shows that the conceptual
level had a frequency between 61% and 78%. Contrary to Smith, Nakhleh, and Bertz (2010), more
emphasis was placed on the conceptual level in 12th-grade final exams, leaving lower traditional levels
(i.e., algorithmic and definition) neglected.

A balanced exam should address all skills. The analysis of the January, May, and September final
exams revealed uneven distribution, with some levels entirely overlooked. The result prediction level
represents the highest level in this classification. To achieve balance, final exams must include questions
requiring students' analytical and creative thinking skills, albeit in moderation.

On the other hand, conceptual-level questions are generally more challenging. Overemphasizing
difficult questions in final exams with limited time is unfair and problematic for students with weaker
analytical abilities. Standardized tests should balance their total composition so that the number of
complex questions requiring higher cognitive capacity remains fewer than other questions.

A review of 12th-grade chemistry textbooks reveals that more basic and straightforward topics are
introduced in lower grades. For example, converting mass to the number of moles is a topic covered in
10th-grade chemistry. As a result, in 12th-grade final exams, the secondary macroscopic-microscopic
conversion level related to moles and macroscopic quantities (volume or mass) ranks lowest. Similarly,
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macroscopic-analytical levels involving conversions between macroscopic quantities like mass and
volume are learned in earlier grades.

This indicates that applying Smith, Nakhleh, and Bertz's model provides more precise and balanced
results for exams, encompassing all chemistry topics, similar to university entrance exams. This concept
can be extended to other specialized chemistry models, such as Johnston's (2000) model with algorithmic
and symbolic levels. On the flip side, maintaining the longitudinal connection of chemistry topics in final
exams by embedding foundational topics like mole and mass conversion within other questions can
ensure attention to algorithmic levels like macroscopic-microscopic conversions, thereby maintaining a
balance of all levels in final exams. Since 12th-grade chemistry textbooks are designed with a contextual
approach, students should be able to relate what they learn to their surroundings, finding meaning in their
knowledge. This aligns with Zoller and Stamulakis’ emphasis. However, the study's findings indicate that
the share of final exam questions in this area from 2019 to 2023 has been insufficient, highlighting the
need for revisions.

In conclusion, the study suggests that exam design should assign balanced weight to all skills,
ensuring a broader representation of components and fostering a comprehensive skill set among students.
Given that content analysis research in Iran concerning chemistry textbooks and exams with specialized
models like Zoller, Stamovlasis, Johnston, and Smith, Nakhleh, and Bertz is limited, it is recommended
that chemistry textbooks and other science subjects be analyzed using these models. Furthermore, all final
exams, entrance exams, and formative assessments should also be evaluated using specialized
frameworks such as the Smith, Nakhleh, and Bertz model.

Conclusion

For all three exam sessions, the highest-ranking secondary level in the Smith, Nakhleh, and Bretz
model was image analysis, followed by data analysis. Furthermore, conceptual levels received the most
emphasis across all sessions. Questions related to interpreting and analyzing images and data are
particularly significant in a subject like chemistry, as they not only gauge students' comprehension but
also evaluate analytical skills that impact their future capabilities. Hence, adequate attention to these
questions in final exams is valuable.

An analysis of final exam questions (2000-2023) across various sessions highlights that the frequency
of conceptual levels ranged between 61% and 78%. Unlike the findings of Smith, Nakhleh, and Bretz
(2010), 12th-grade final exams placed greater focus on conceptual levels, neglecting traditional lower
levels such as algorithmic and defining. Since achieving a conceptual cognitive level is the primary
educational goal, evaluation in chemistry education aims to reach conceptual and analytical levels. As a
result, it can be claimed that final exams, with the exception of the "outcome prediction" indicator, have
addressed other conceptual-level indicators. However, the study critiques the excessive emphasis on these
questions to the detriment of other areas .
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