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Resumen

Introduccion. En un sistema escolar condicionado al cumplimento de objetivos, la concor-
dancia entre los documentos normativos con los objetivos y la evaluacion es importante. Para
poder evaluar si los colegios y los alumnos han alcanzado los objetivos, la evaluacion tiene
que converger con los objetivos. Diferentes modelos y métodos pueden ser usados para medir
la concordancia entre los objetivos y la evaluacion. Basado en la suposicion de que un modelo
tiene que poder incluir contenido y complejidad cognitiva, fueron identificados nueve diferen-
tes modelos y luego estos modelos han sido detenidamente examinados con la referencia a
criterios tedricamente definidos. La conclusion es que la taxonomia revisada de Bloom y la
taxonomia de Porter son los modelos mas adecuados.

M étodo. La taxonomia revisada de Bloom y la taxonomia de Porter son comparadas sobre la
base de datos empiricos provenidos de los objetivos y la evaluacion de un curso de bachillera-
to de quimica en Suecia. La comparacion es basada en cinco reglas y en reliabilidad inter-
evaluativa.

Resultado. La taxonomia revisada de Bloom es mas inclusiva y exclusiva que la taxonomia
de Porter. La fiabilidad inter-evaluativa para la clasificacion de objetivos fue significativa-
mente mejor para la taxonomia revisada de Bloom que para la taxonomia de Porter.
Conclusion. Basada en las cinco reglas es la conclusion de que la taxonomia revisada de Blo-

om es el mejor modelo.

Palabras clave: alineacion, estandards, evaluacion, taxonomia revisada de Bloom, taxono-

mia de Porter.
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Abstract

Introduction. In a standards-based school-system alignment of policy documents with stan-
dards and assessment is important. To be able to evaluate whether schools and students have
reached the standards, the assessment should focus on the standards. Different models and
methods can be used for measuring alignment, i.e. the correspondence between standards and
assessment. Based on the assumption that a model must be able to include content and cogni-
tive complexity, nine different models are identified and these models are then scrutinized
with reference to defined theoretical criteria. The conclusion is that Bloom’s revised taxon-

omy and Porter’s taxonomy are the most appropriate models.

Method. Bloom’s revised taxonomy and Porter’s taxonomy are compared based on empirical
data from standards and assessment in a chemistry course in upper secondary schools in Swe-

den. The comparison is based on five rules and of inter-rater reliability.

Results. Bloom’s revised taxonomy was more inclusive and exclusive than Porter’s taxon-
omy. The inter-rater reliability for classification of standards was significantly better for

Bloom’s revised taxonomy than for Porter’s taxonomy.

Conclusion. Based on the five rules, the conclusion is that Bloom’s revised taxonomy is the

best model.

Keywords: Alignment, Standards, Assessment, BloonT' s revised taxonomy, Porter’ s taxonomy
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Introduction

The importance of alignment

The concept of alignment involves a description of the relationship between three
components in an educational system: standards defined in policy documents, teaching, and
assessment. In this kind of educational system, a standards-based school-system, the students
are supposed to reach the standards. To be able to evaluate whether the students have reached
those standards, assessments should measure the standards, i.e. the assessment should be
aligned with the standards. Alignment between standards and assessment is important for the
effectiveness of an educational system (Webb, 1997), students’ learning (Anderson, 2002;
Biggs, 2003; Farenga, Joyce & Ness, 2002; La Marca, Redfield, Winter, Bailey & Hansche,
2000), accountability decisions (Koretz & Hamilton, 2006; La Marca, 2001), evaluation of
educational reforms (Herman, Webb & Zuniga, 2007), validation of interpretation of assess-
ment scores (La Marca, 2001; Rothman, 2003), information to students, parents, the public
and politicians (Herman, Webb & Zuniga, 2007). Thus, alignment is a fundament in stan-
dards-based education (Fuhrman, 2001) and the question of interest in this context is how to
study alignment. In this article, a theoretical and an empirical investigation of possible tools

for alignment studies are presented.

Alignment in a standards-based school-system

Standards are descriptions, in policy documents, of what or how well a student should
be able to master a certain knowledge and ability. Standards are commonly divided into two
categories: content standards and performance standards (Hambleton, 2001). Content stan-
dards refer to what the students are expected to know or be able to do. Performance standards
describe how well the students are expected to know or be able to do in relation to the content
standards. The educational process aims to make it possible for the students to reach the stan-
dards and the process of assessment aims to measure the standards that, in turn, are related to

the curriculum.

Expressed in general terms, alignment can be described as a situation where things are
brought into a straight line (Baker, 2004). For an educational system, this means that the
components in the system (standards, education and assessment) are arranged in a line, with

the standards in the first position. One possible way of obtaining alignment in this general
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meaning is to start with the curriculum, then define the standards and use the standards as a
basis for defining blueprints. These blueprints, according to Baker, can then be used as a point
of departure for teaching and assessment. Very often this procedure will result in very specific
and detailed descriptions and, since both teaching and assessment can be regarded as dynamic
and cyclic processes, the conclusion is that there is a need for more general methods as a basis
for determining the degree of alignment (La Marca, Redfield, Winter, Bailey and Hansche,
2000).

Different terms are also used to describe the concept of alignment. Alignment appear
when two or all three components in a certain education system are consistent (e.g. Biggs,
1999; Blank, Porter & Smithson, 2001), in agreement (e.g. Bhola, Impara & Buckendahl,
2003; Webb, 1997), matched (e.g. La Marca, 2001; Olson, 2003) or work together (e.g. An-
anda, 2003; Roach, Elliot & Webb, 2005). Most commonly, alignment between standards and
assessment has been analyzed (e.g. Bhola, Impara & Buckendahl, 2003; Herman, Webb &
Zuniga, 2007), but alignment between standards and instruction as well as between instruction
and assessment has also been studied (e.g. Porter, 2002). Several methods see alignment be-
tween standards and assessments as a means of increasing student learning, for example
Webb (1997), Hansche (1998) and Roach, Elliot and Webb (2005). One way to deal with
these differences in terminology is to focus on measurement and design, i.e., how alignment is

measured and the design for alignment studies. This will be the focus in this article.

Methods for studying alignment

Methods that are used in alignment studies have varied and can, with reference to
measurement, be classified according to complexity (Bhola, Impara & Buckendahl, 2003).
Regardless of the methods of measurement, the design includes in most cases a classification
of assessment compared with standards. In the least complex methods the model for meas-
urement implies that content standards and assessment are matched. In methods with moder-
ate complexity, standards and assessment are simultaneously classified and matched regard-
ing content and cognitive complexity. Methods with high complexity add more complex crite-

ria than just matching for evaluating the degree of alignment.

In all alignment studies, certain criteria are defined as a basis for classification (Bhola,

Impara & Buckendahl, 2003). The criteria that are defined are quite similar, even if the terms
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used differ to some extent. This conclusion is based on an analysis with design and model for
measurement as a point of departure. Four categories of commonly used criteria are identified
and these criteria are presented and defined in Table 1. The two most frequently occurring
categories are content and cognitive complexity and the other categories, range and balance,

are less common.

Content is defined, by most authors, by referring to topics and subtopics in a subject,
e.g. NCTM (1989), Porter & Smithson (2001a), Mullis et al (2001) and Porter (2002). The
number of topics and subtopics can be considerably large. Porter & Smithson (2001a), for
example, defined 177 topics in science. The strategy of using topics and subtopics also im-
plies that most sets of alignment criteria are bound to a single or a few, narrow subjects, i.e.
these methods for alignment studies cannot be used as a general strategy for all subjects.
Bloom’s revised taxonomy (Anderson & Krathwohl, 2001) is probably, so far, the only model

that defines content in general terms, i.e. in terms of different forms of knowledge.

The term cognitive complexity is found in all the studied sets of criteria, but complex-
ity is given different names (see Table 1). Also the number of levels of cognitive complexity
also differs. For example, Webb (1999) defines four levels, Porter (2002) five levels, Bloom’s
revised taxonomy six levels, and Porter & Smithson (2001a) nine levels. Cognitive complex-
ity is assumed to be related to a continuous scale ranging from a low to a high degree of com-

plexity (Anderson & Krathwohl, 2001; Webb, 1999).

It can also be added that some of the studies, referred to in Table 1, have proposed
other criteria than the four mentioned above. The criteria focused on are, for example, equity,
fairness and pedagogical implications (Webb, 1997), sources of challenge (Webb, 2007), and
accessibility (La Marca, Redfield, Winter & Bailey, 2000).

The four alignment criteria from the review referred to above are either quantitative or
qualitative. Range and balance are quantitative variables that compare the assessment as a
whole with the standards as a whole. Content and cognitive complexity are based on a qualita-
tive classification of individual standards and assessment questions. Some kind of framework

or taxonomy is needed for this latter classification.
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Table 1. The categories of the most commonly used criteriain alignment studies, including definitions and r eferencesto studies.

Category of | Definitions Studies
criterion
Content Often defined by topics and subtopics. Con- NCTM; 1989; Webb, 1997; La Marca, Redfield, Winter & Bailey, 2000;
tent can also be defined as kinds of knowl- Anderson & Krathwohl, 2001; Mullis et al, 2001; Porter & Smithson,
edge. 2001a; Porter, 2002; Rothman, Slattery, Vranek & Resnick, 2002; Herman,
Webb & Zuniga, 2005
Cognitive The level of complexity of what the students | NCTM; 1989; Webb, 1997; La Marca, Redfield, Winter & Bailey, 2000;
complexity | are supposed to do with information, but also | Anderson & Krathwohl, 2001; Mullis et al, 2001; Porter & Smithson,
the cognitive complexity of the information. 2001a; Porter, 2002; Rothman, Slattery, Vranek & Resnick, 2002; Herman,
Webb & Zuniga, 2005
Range How many of the standards an assessment Webb, 1997; La Marca, Redfield, Winter & Bailey, 2000; Porter, 2002;
covers, in at least one question Rothman, Slattery, Vranek & Resnick, 2002
Balance How well an assessment reflects the emphasis | Webb, 1997; La Marca, Redfield, Winter & Bailey, 2000; Rothman,

the standards give to a particular content

Slattery, Vranek & Resnick, 2002
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Based on the finding that most standards are of two kinds, content standards and per-
formance standards (Hambleton, 2001) the conclusion is also that performance standards in-
clude a cognitive dimension. Another finding is that most standards and assessments in
schools today include content specifications as well as descriptions of cognitive levels. A
closer look at the Swedish system also confirms this conclusion. This is another reason for

focusing content as well as cognitive complexity in this article.

A theoretical investigation, that includes all frameworks and taxonomies that can cate-

gorize both content and cognitive complexity, is described in the next section.

Theoretical investigation

Nine taxonomies and frameworks are found to be useful for categorizing both content
and cognitive complexity. These nine frameworks and taxonomies are summarized in table 2.
These frameworks and taxonomies are: Bloom’s revised taxonomy (Anderson & Krathwohl,
2001), DeBlock (de Landsheere, 1990), De Corte (de Landsheere, 1990), Guilford (1967),
Marzano (2001), Merrill’s performance-content matrix (1994); PISA (OECD, 1999), Porter
(Porter & Smithson, 2001a, 2001b) and TIMSS (Robitaille et al., 1993).

It is true that content criteria are included in Webb’s framework or taxonomy (Webb,
1997) but he does not offer any tool for categorizing content. Therefore, Webb’s taxonomy is
excluded in this study. The remaining frameworks and taxonomies will be scrutinized in the

following section.

Marzano (2001) has developed a taxonomy that is focused on the development of
thinking. He defines three systems of thinking that are hierarchically ordered and placed on a
scale that varies from low to high level of consciousness. This means that the basis of his tax-

onomy is consciousness of how to process thinking, not cognitive complexity.

In TIMSS (Robitaille et al., 1993) the aspect of performance expectations can be re-
garded as comparable with cognitive complexity, but the authors claim that there is no rela-
tion between the categories in this aspect. Cognitive complexity, by the definition in the
alignment review, is a gradient and there has to be some kind of relationship between the

categories of this dimension. For PISA (OECD, 1999), the authors also claim that the scien-
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tific processes, which are comparable with cognitive complexity, are not hierarchical. Merrill

(1997) did not state that the performance categories have any kind of relationship between the

categories or are placed on a scale of cognitive complexity.

Table 2. Framewor ks and taxonomies with at least two dimensionsfor cognitive domain, useful
in chemistry, and names of their dimensionsthat can be connected to the criteria of content and
of cognitive complexity. Any third or fourth dimension isadded.

Framework/taxonomy Content criteria

Cognitive complexity More dimensions

Bloom’s revised tax- ~ Knowledge dimen-  Cognitive process -
onomy sion dimension
De Block Content Method Transfer
De Corte Subject matter Operation The domain
The product
Guilford Product Operational catego-  Content categories
ries
Marzano Domains of knowl- Level of thinking -
edge system
Merrill Content categories  Performance catego-
ries
PISA Scientific concepts ~ Scientific process Scientific situations
Porter Topics Expectations of stu-  Mode of presentation
dents’ performance (is not used by Por-
(cognitive demands)  ter)
TIMSS Content Performance expec-  Perspectives

tations

The taxonomies of De Block (de Landsheere, 1990), De Corte (de Landsheere, 1990)
and Guilford (1967) have at least three dimensions in their frames of reference or taxonomies.
Therefore, to be able to use these taxonomies according to the alignment criteria, one or two
dimensions have to be excluded. There is a risk involved in excluding one or more dimen-
sions since the excluded dimension could be a part of the other dimensions and therefore the
taxonomy will not be inclusive enough. According to Hauenstein (1998) it is important that a
taxonomy includes all possible categories. Thus, the conclusion is that elimination of dimen-

sions includes a risk.
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Porter has three dimensions in his taxonomy. The third dimension, mode of presenta-
tion, has been found to be of little use in alignment analysis (Porter & Smithson, 2001a) and
is therefore excluded from the taxonomy. Thus, the Porter taxonomy is two-dimensional in-

cluding content and cognitive complexity, which are ordered on a scale.

Based on the examination of the nine frameworks or taxonomies in Table 2, the sum-
marised conclusion is that there are two remaining models: Bloom’s revised taxonomy and
Porter’s taxonomy. These two taxonomies are able to categorize both content and cognitive
complexity, the latter also liying on a continuous scale. The next question to ask is: which
model should we use? When answering this question it is relevant to refer to the concept of
usefulness, i.e. usefulness as a tool for description of alignment. The basis for answering this
question is empirical in this article, i.e. these two taxonomies are empirically tested for their
usefulness in alignment analysis. The taxonomies have been applied to one syllabus and one

assessment in chemistry in upper secondary schools in Sweden.

Objective
The main purpose of the empirical investigation is to compare Bloom’s and Porter’s
models in order to identify the most useful model for studying alignment. Five rules are de-

fined for this comparison (Hauerstein, 1998).

Method

The theoretical investigation resulted in two taxonomies. The usefulness of these tax-
onomies for categorizing both standards and assessment questions was then empirically tested
through individual categorizations made by two judges of one set of standards and of the
items in one assessment in chemistry with both taxonomies. The usefulness of the taxonomy

was investigated based on criteria presented below and on the level of inter-judge consistency.
Criteria for usefulness

Hauenstein’s (1998) five rules for taxonomies are used for the empirical comparison.

These five rules are: 1) applicable 2) totally inclusive; 3) mutually exclusive; 4) following a
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consistent principle of order; 5) the terms used in categories and subcategories are representa-
tive of those used in the field. When translating these rules into the conditions for the empiri-
cal comparison in this study, five questions can be asked: 1) Is the taxonomy applicable to
alignment analysis? 2) Can all the standards and assessment questions be included in the tax-
onomy? 3) Is there any overlap between the categories, or subcategories, in the taxonomy,
which will lead to categorizations of a single standard and/or assessment question in more
than one category? 4) Are categories arranged in a consistent principle of order? 5) Are the

terms in categories and subcategories representative of those used in the field?

Empirical data in this study can be used to answer the question of applicability (1), to-
tally inclusive (2) and mutually exclusive (3). Hauenstein’s remaining two rules (4, 5) are
discussed with reference to knowledge of the practical conditions in upper secondary school

in Sweden.

Material

Standards

The set of standards in this study is formed by a division of the standards that make up
one syllabus in chemistry for upper secondary schools in Sweden. The syllabus contains a
total of 23 original standards, of which 14 are content standards and 9 are performance stan-
dards. The division of the original standards is based on the principle in Bloom’s revised tax-
onomy, which states that a standard should be formed by a noun and a verb (Anderson &
Krathwohl, 2001). This division resulted in 102 sub-standards, which form the set of stan-

dards used in this study.

Assessment

The assessment that is used in this study is commonly used in upper secondary schools
in Sweden. The purpose of this assessment is to support teachers’ grading of their students
and is supposed to be an interpretation of the studied syllabus. Every year, different versions
of the assessment are offered to schools. The particular assessment was given in spring 2005.

It consisted of 58 questions.
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Instruments

Bloom' s revised taxonomy

Bloom’s revised taxonomy (Anderson & Krathwohl, 2001) has two dimensions, the
knowledge dimension and the cognitive process dimension. In the knowledge dimension the
content is defined as different kinds of knowledge. The categories of the knowledge dimen-
sions are factual knowledge, conceptual knowledge, procedure knowledge and metacognitive
knowledge. The categories in the knowledge dimension lie along a continuum, from concrete;
as in factual knowledge, to abstract, as in metacognitive knowledge. There is no clear-cut bor-
der between conceptual and procedural knowledge.

The dimension of cognitive processes is focused on how the knowledge is used. The
categories of the dimension of cognitive processes are remember, understand, apply, analyse,
evaluate and create. The underlying continuum in the dimension of cognitive complexity is
cognitive complexity, ranging from little cognitive complexity in remember to the most cog-
nitive complexity in create. This dimension represents the alignment category cognitive com-

plexity.

Bloom’s revised taxonomy offers a two-dimensional taxonomy table with 4x6=24
cells. The rows in the taxonomy table represent the four main categories of the knowledge
dimension and the columns the six main categories of the cognitive process dimension. Based
on Bloom’s revised taxonomy a standard can, for example, be categorized according to the

two dimensions and placed in a certain cell in the taxonomy table.

Porter’ s taxonomy for alignment analysis

Porter’s taxonomy was developed to offer a systematic and uniform language for de-
scribing content (Porter, 2002) and for making detailed quantitative comparisons of standards,
assessment and teaching in science and mathematics (Porter & Smithson, 2002). The results
of analyses are presented in content maps, which resemble topographic maps. The “height

gradient” is represented by the percentage of total time for each content.
Initially the taxonomy had three dimensions: topics, expectations of student perform-

ance and modes of presentation (Porter & Smithson, 2001a). The dimension of modes of

presentation had seven categories: exposition, pictorial models, concrete models, equa-
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tions/formulas, graphical, laboratory work, and fieldwork. However, the authors found it dif-
ficult to integrate modes of presentation in the alignment analyses and their conclusion was to

exclude this dimension, i.e. to use a two-dimensional approach.

The dimension of topics is a list of topics in either mathematics or science. There is no
hierarchy in this dimension. In science, the dimension of topics contains 177 topics for upper
secondary schools, divided into 25 content areas (Porter & Smithson, 2001a). The categories

used in the empirical study are the content areas.

The number of categories in the second dimension, expectations of student perform-
ance, has varied between four and nine (Porter & Smithson, 2001b). In their first approach,
nine categories were used, but the number of possible combinations of the two dimensions
was too large to handle in educational settings. Therefore, and in order to make the classifica-
tion easier, the number of categories was reduced (Porter & Smithson, 2001a). When applying
Porter’s model to the empirical data (Chemistry) in this study the approach with seven catego-
ries will be used, because this approach is the only one which offers definitions that can be
applied to science (Porter & Smithson, 2001b). It can also be added that the categories differ
somewhat between mathematics and science. For science the categories are: 1) memorize
facts, definitions, formulas; 2) understand concepts; 3) perform procedures; 4) generate ques-
tions/hypotheses; 5) collect data; 6) analyze and interpret information; 7) use information to

make connections. This dimension is ordered by level of cognitive demand.

The two dimensions form a two-dimensional matrix with 25x7=175 cells. The rows
will represent the 25 content areas of the dimension of topics and the columns the 7 categories
of expectations of student performance. In a way similar to Bloom’s revised taxonomy, a
standard can, for example, be categorised by the intersection of the two dimensions of Por-

ter’s taxonomy and placed in the corresponding cell.

Judges
The panel of judges consisted of two assessment experts, with relevant education and
experience of teaching Chemistry. The two assessment experts have experience of both de-

veloping and constructing national assessments in upper secondary schools.
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Procedure

The procedure was carried out in two stages. In the first stage, the training stage, the
judges received general information about the Bloom’s revised taxonomy and Porter’s taxon-
omy and examples of standards, and authentic assessment questions, to practice categoriza-
tion on. The practice categorization was made individually and followed by a consensus dis-
cussion. In the second stage, the two judges categorized the set of standards and the assess-

ment questions individually. The obtained result is the basis for the empirical investigation.

Satistical description and analysis

Statistics for inclusiveness, mutual exclusiveness and range of each taxonomy are re-
ported. The proportion of standards and assessment questions that can be categorized indi-
cates the degree of total inclusiveness. The proportion of standards and assessment questions
that are categorized in more than one category indicates the degree of mutual exclusiveness.
The proportion of cells with categorized standards and/or assessment questions is reported

and indicates to what extent each taxonomy is applicable.

The inter-rater reliability is indicated by Fleiss’ kappa: K¢ (Fleiss, 1971) as well as by
proportions of agreement between judges. Fleiss’ kappa was chosen because the data is on a
nominal level (Stemler, 2004) because content categories in both taxonomies are not fully
ordered along a continuum. According to Landis and Koch (1977), kappa values between 0.01
and 0.20 represent slight agreement, those between 0.21 and 0.40 fair agreement, those be-
tween 0.41 and 0.60 moderate agreement, and those greater than 0.60 substantial agreement.
Differences in percentage of agreement are tested if they are significant with X at 95 % con-

fidence level.

Results

Results for inclusiveness, mutually exclusiveness, applicability and inter-rater reliabil-
ity are presented and compared for Bloom’s revised taxonomy and Porter’s taxonomy. Table
3 gives an overview of obtained data from the empirical comparison of Bloom’s revised tax-

onomy and Porter’s taxonomy.
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Table 3. Results from the classification by two judges of standards and the assessment

No. not classified No. classified in 22 cate- Range (% of Ky Equal catego-
gories categories) rization

Taxonomy Judge 1 Judge 2 Judge 1 Judge 2 Judge 1 Judge 2
Standards Bloom’s re- 0 4 0 1 58 % 71 % 46 53%'

vised

Porter’s 11 8 54 45 35% 32% .07 37%'
Assessment Bloom’s re- 0 0 0 0 29 % 21 % .36 48%"°
questions vised

Porter’s 0 0 20 14 9% 6 % .30 60%"

1) At 95% confidence level, X* shows a significant difference; 2) No significant difference
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The obtained data indicates that more standards remained uncategorized with Porter’s
taxonomy than with Bloom’s revised taxonomy. About 10 percent of the standards were not
classified in Porter’s taxonomy, while one judge (Judge 1) classified all standards and one
judge all but four standards with Bloom’s revised taxonomy. The data in Table 3 also indi-
catea that there was no difference between the two models regarding the assessment ques-

tions, as all questions were categorized.

Regarding the proportion of standards categorized in more than one category, the data
in Table 3 indicates a big difference between the two models. All standards, except one
(Judge 2), were placed in only one category in Bloom’s revised taxonomy. The result was
quite the opposite for Porter’s taxonomy - a large proportion of the standards was placed in
two or more (>2) categories. This difference between the two models was also obtained for
the assessment, i.e. all questions in the assessment were placed into only one category in

Bloom’s revised taxonomy, but not in Porter’s taxonomy.

When considering the applicability of a taxonomy, the range of categories used for
classification is a good estimate. If most of the categories are used, the taxonomy will give a
more diversified picture of what is classified. The proportion of categories used is larger for
Bloom’s revised taxonomy than for Porter’s taxonomy, both for standards and assessment

(see Table 3).

Fleiss’ kappa indicates that the inter-rater reliability levels are much higher for stan-
dards, and marginally higher for the assessment questions, for Bloom’s revised taxonomy as
compared to Porter’s taxonomy (see Table 3). The kappa coefficients for the standards indi-
cate a moderate agreement for Bloom’s revised taxonomy and a slight agreement for Porter’s
taxonomy. For the assessment questions, the kappa coefficients for both taxonomies indicate a
fair agreement. For the standards, the proportion of agreement between the two judges is sig-
nificantly higher for Bloom’s revised taxonomy than for Porter’s taxonomy. In contrary, for
the assessment questions, the proportion of agreement is higher for Porter’s taxonomy. How-

ever, the difference in agreement for the assessment is not significant.
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To summarize, the data obtained from the empirical investigation indicated that
Bloom’s revised taxonomy categorized more standards and assessment questions, that only
one standard was placed in more than one category, and that it had a larger proportion of used

categories and higher levels of inter-rater reliability compared to Porter’s taxonomy.

Conclusions

The purpose of this study was to find the most useful tool for alignment studies when
focusing on the relationship between standards and assessment. The assumption was that
alignment should include content and cognitive complexity, which resulted in nine possible
models. However, only two of the models, Bloom’s revised taxonomy and Porter’s taxonomy,
also supported the assumption that cognitive complexity lies on a continuous scale, i.e. cate-
gories are ordered. An empirical comparison of these two taxonomies considering the useful-
ness and inter-rater reliability levels indicated that Bloom’s revised taxonomy was more use-
ful than Porter’s taxonomy. This conclusion was based on an evaluation of usefulness based

on Hauenstein’s (1998) five rules.

The first rule, i.e. whether the taxonomies are applicable, was partially answered by
the theoretical selection of taxonomies. In the alignment review a taxonomy should be able to
classify both content and cognitive complexity. Both Bloom’s revised taxonomy and Porter’s
taxonomy fulfilled these criteria. Amer (2006) also found Bloom’s revised taxonomy useful
for alignment analyses. Another aspect of the applicability is what percentage of the catego-
ries is used when standards and assessment questions are classified. The results showed that a
larger proportion of the categories in Bloom’s revised taxonomy than in Porter’s taxonomy
was used. Therefore Bloom’s revised taxonomy can be considered more applicable than Por-

ter’s taxonomy.

The range of used categories was smaller for assessment than for standards, regardless
of taxonomy. Based on this fact, one conclusion is that the degree of alignment of standards
and assessment may increase if the assessment is completed with new questions that are re-

lated to standards.
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The second rule deals with total inclusiveness, i.e. that every standard and assessment
question should be classifiable by means of the taxonomy. Both taxonomies were totally in-
clusive for assessment questions, but neither of the taxonomies was totally inclusive for the
standards. Bloom’s revised taxonomy was, however, more inclusive than Porter’s taxonomy.
Therefore the conclusion is that Porter’s taxonomy is a less useful tool for classifying present
standards and, as a consequence, less useful in alignment studies. But it must be added that
Bloom’s revised taxonomy is not totally perfect in this respect. One judge could not classify 4

standards with Bloom’s revised taxonomy.

The third rule deals with mutual exclusiveness, i.e. standards and assessment questions
should be classified in only one category. In this aspect, Bloom’s revised taxonomy is better
than Porter’s taxonomy. For Bloom’s revised taxonomy one judge classified one standard in
more than one category, but all the other standards and assessment questions were classified
in only one category. For Porter’s taxonomy a large percentage of both standards and assess-
ment questions were classified as belonging to more than one category. According to the third

rule, Bloom’s revised taxonomy is superior to Porter’s taxonomy.

The fourth rule, i.e. if the categories are ordered by a consistent principle, is answered
by the selection of the two taxonomies. The alignment criterion of cognitive complexity is by
definition on a scale from low to high cognitive complexity and the empirically investigated
taxonomies both fulfilled this definition. However, the scale steps are not the same for the two
taxonomies. For the content criteria the principles of order differ more between the two tax-
onomies. The knowledge dimension in Bloom’s revised taxonomy is, according to the au-
thors, ordered from concrete in factual knowledge to abstract in metacognitive knowledge,
with some overlaps in conceptual and procedural knowledge. In Porter’s taxonomy content is
categorized in topics, which are only ordered in broad categories, so called content area, with-

out any relation among them.

The fifth question, i.e. whether the terms in the taxonomies are representative of the
field is discussed by the authors of the taxonomies. It has been questioned whether the terms
in Porter’s taxonomy represent the terms in the present national standards in the US (Porter &
Smithson, 2001b). The authors reply that a reform-neutral language is better for a taxonomy

that has a chance of surviving new reforms. In Bloom’s revised taxonomy, the aims were to
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use a common language, to be consistent with current psychological and educational research
and to use realistic examples. The group of authors of this taxonomy consisted of representa-
tives of the fields of cognitive psychologists, curriculum theorists and instructional research-
ers, as well as testing and assessment specialists. In a study of learning frameworks, Mosely et
al. (2005) gave credit to Bloom’s revised taxonomy for the vocabulary. Both taxonomies are

therefore assumed to use terms that are representative of the field.

For the standards, the level of inter-rater reliability was higher for Bloom’s revised
taxonomy than for Porter’s taxonomy, indicating that Bloom’s revised taxonomy was the
more reliable taxonomy. However, for the assessment questions the levels were about the

same for both taxonomies.

The conclusion from the discussion above is that Bloom’s revised taxonomy is more
useful than Porter’s taxonomy as a classification tool in alignment studies and therefore, the

most useful classification tool today.

Discussion

One interesting current issue is how content is stated in standards and what kinds of
categories an alignment tool should have. The historical trend is, according to Ward, Stocker
& Murray-Ward (1984), that content standards are becoming broader and less detailed.
Baartman, Bastiaens, Kirschner & van der Vleuten (2006) state that content standards nowa-
days are more competence-based. A useful alignment tool should therefore be able to classify
standards that are broad and more competence-based. A consequence is that taxonomies and
frameworks that include categories that are based on topics and subtopics will be less useful.
Thus, the conclusion is that to be able to classify modern kinds of standards, there is a need to
have more general categories and probably also categories for meta-cognitive aspects.
Bloom’s revised taxonomy classifies content as forms of knowledge and therefore this model

also allows for classification of more general standards.

Based on the assumptions that a model for analyzing alignment of standards and as-
sessments should be able to categorize both content and cognitive complexity, and that the

categories of cognitive complexity are ordered on a continuous scale, Bloom’s revised taxon-
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omy seem to be a very useful model. However, the question is whether this taxonomy can be
further improved in order to obtain an even better tool for alignment analyses of standards and
assessment? One possible strategy worth testing is to establish better defined categories, for

example by tailoring definitions and examples to different categories or topics.

In this context it is also relevant to mention that Thurston, Grant, and Topping (2006)
have also emphasized the importance of questioning in teaching science and that there is a
need to develop such questions. A classification tool, like Bloom’s revised taxonomy, can be
of help to construct questions related to the standards in a more effective way, by analyzing

the standards first and then constructing questions (Martineau, Pack, Keene & Hirsch, 2007).

It is also relevant to question whether it is an optimal strategy to add new categories to
Bloom’s revised taxonomy? In this context it is worth mentioning that there is a risk involved
when the number of categories increases. An increase of categories in a taxonomy may lead to
a decrease in inter-rater reliability, at least when the number of categories extend seven (Wollf,
1997). In this context it can also be noted that the number of categories in Porter’s taxonomy
is more than seven times larger than in Bloom’s revised taxonomy. Therefore, the conclusion
is that a strategy for refining Bloom’s model by adding new categories, should be very care-

fully considered before being implemented.
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