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Abstract
Purpose – The purpose of this paper is to propose a scalable quantitative approach to evaluate alignment
within and between courses and programs in higher education for benchmarking purpose.
Design/methodology/approach – The revised Bloom’s taxonomy, which combines a cognitive process
dimension and a knowledge dimension, is used as a basis for categorizing national standards, program and
course learning outcomes (CLOs) and assessment methods. Alignments between programs and national
standards, programs and courses and assessment tasks and courses are then measured using a series of
Cohen’s κ statistics. Two undergraduate business programs offered at an Australian university were used as
examples to demonstrate the proposed method as an alignment evaluation tool.
Findings – The findings reveal that the two sample programs are better aligned with national standards
than with their respective constituent courses. The degree of alignment between CLOs and assessment
methods varies from course to course within the programs. This might be related to the lack of clarity of some
learning outcome statements and the complexity of certain assessment methods.
Research limitations/implications – This study lends insight into the use of an alignment mapping for
benchmarking academic programs in higher education. To serve mainly as an illustration of the proposed
approach, the case study is limited to two undergraduate business programs offered at the same university.
Practical implications – Universities can use the proposed approach to benchmark their academic
programs against the national standards and similar programs offered by other competing educational
institutions. The alignment indices can also serve as yardsticks to continuously improve the consistencies
within and among academic programs to ensure quality.
Originality/value – The proposed method offers a consistent basis to compare the degrees of alignment of
different higher education programs with national standards and their respective constituent courses, hence
enabling benchmarking for continuous improvement. It also reveals how the alignment between different
parameters in teaching and learning can be improved, thereby facilitating incremental learning and
enhancing student performance.
Keywords Alignment, Higher education, Benchmarking, Academic programs, Cohen’s κ statistic,
Revised Bloom’s taxonomy
Paper type Research paper

1. Introduction
Same as in the business sector, benchmarking plays an important role in higher education.
By comparing its administrative processes and instructional models against those of other
institutions, a university can improve its performance and strengthen its competitive position.
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Benchmarking also helps overcome internal resistance to change, provide a structure for
external evaluation, promote communications among universities and encourage information
sharing in the industry (Gunasekaran, 2002). The implementation of benchmarking has been
considered as a competing tool for excellence in higher education institutions (Tasopoulou and
Tsiotras, 2017). Successful benchmarking requires a structured approach (Asif, 2015). In this
regard, alignment analysis is a commonly used method for benchmarking in education (Biggs,
1996; Webb, 1997b; Sukanjanaporn et al., 2015). When applied at the strategic level, alignment
refers to how well policy elements in a system work together to guide instruction and student
learning (Webb, 1997b). At the operational level, it refers to how well courses and programs
are associated to provide a comprehensive curriculum based on national or trade standards
(Biggs, 1996). Benchmarking through alignment analysis at operational level can help identify
areas for improvement in curriculum design, thereby enhancing the performance and
competitiveness of an education institution in the long run. This also meets the needs of the
industry for aligning competencies of business graduates with the industry requirements
(Azevedo et al., 2012; Bowker, 2017).

Alignment between different elements of teaching and learning implies a match between
learning goals and educational pedagogies (Webb, 1997b), signifying that curriculum and
assessment are in agreement with each other or different parts of the curriculum are
appropriately linked together (Klimoski and Amos, 2012). Studies conducted in the past
generally support the concept of aligning assessment with learning outcomes (Anderson,
2002; Biggs, 1996; Case et al., 2004; Knight, 2002; Näsström and Henriksson, 2008; Nicol and
Macfarlane-Dick, 2006). For example, constructive alignment – a principle advocated by
Biggs (1996) and used for devising teaching and learning activities as well as assessment
tasks – emphasizes that alignment between all aspects of the curriculum helps ensure the
achievement of the desired learning objectives (Borrego and Cutler, 2010). Biggs’ (1996)
framework assumes that alignment can lead to deeper and more meaningful learning and to
real improvements in teaching. For example, curriculum and instruction can be aligned to
facilitate incremental learning from lower to higher cognitive levels as the course
progresses. Correspondingly, assessment tasks can be designed at different cognitive levels
to tie in with the depth and breadth of learning undertaken by students. This is in line with
Cohen’s (1987) idea of “instructional alignment,” a concept underpinned by two prevailing
learning theories: cognitive constructivism (Piaget, 1968) and social constructivism
(Vygotsky, 1978). Given the importance of alignment, a systematic way to measure it will be
essential to the enhancement of curriculum design and assessment methods of a higher
education program in the long run (Meyers and Nulty, 2008). The measurement can also
facilitate comparison of alignment between programs within an educational institution to
ensure internal consistency, or across different educational institutions to set benchmark for
continuous improvement.

There were many endeavors to develop alignment measures in education to attain the
designed goals (Ananda, 2001; Rothman et al., 2002; Webb, 1997a). Webb (1997b) proposed
the criteria for judging alignment based on five general categories: content focus,
articulation across grades and ages, equity and fairness, pedagogical implication and
system applicability. Porter (2002) suggested measuring alignment between the content of
instruction and the content of instructional material using an alignment index. While
various descriptive or qualitative approaches to curriculum alignment have been proposed
(see Crespo et al., 2010; Davies, 2000; Nusche, 2008; Scott, 2011), numerical or quantitative
methods to evaluate alignment between program learning outcomes (PLOs) and course
learning outcomes (CLOs), or between CLOs and assessment tasks, are relatively few. Also,
most alignment studies in teaching and learning used single course or a particular field of
study as the subject of investigation (see Biggs, 1996; Davies, 2000; Webb, 1997a, b; Witzig
et al., 2014). There is comparatively little research on alignment of an entire program with
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national requirements and standards or between learning outcomes of a program and those
of its constituent courses. To facilitate objective comparison between programs for
benchmarking, hence improvement in curriculum design, a numerical measure to
systematically assess alignment between learning objectives and assessment methods of the
constituent courses in a program as well as between PLOs and national standards is needed.
In this study, the following research question is raised:

RQ1. How can curriculum alignment in higher education at program level, both internally
and externally, be measured in a relatively simple and consistent manner?

To answer the question, we propose the use of the revised Bloom’s taxonomy (RBT)
(Anderson et al., 2001; Krathwohl, 2002) and Cohen’s κ statistic (Cohen, 1960, 1968) to develop
a scalable method to measure alignment within and between higher education programs.

2. Literature review
2.1 Reasons for alignment in teaching and learning
Researchers generally agree that the effective teaching and learning relates to close
alignment of an education program in terms of learning outcomes, teaching and learning
approaches, assessment techniques and course evaluation methods (Biggs, 1996; Chadwick,
2004; Valsraj and Lygo-Baker, 2006). The need for alignment is underpinned by prevailing
learning theories, such as cognitive constructivism (Piaget, 1968) and social constructivism
(Vygotsky, 1978). The cognitive-constructivist framework requires instructors to create
environments in which they, and their students, are encouraged to think and explore so as to
achieve deep understanding. Structuring curriculum around primary concepts and aligning
curriculum with assessment are critical dimensions of constructivist pedagogy (Brooks and
Brooks, 1999). From a social-constructivist perspective, learning relies on social interaction
and collaboration to make the learning materials meaningful. Therefore, a course content
presented through lectures should be accompanied by assessment tasks in which learners
must reflect on and use the new information they acquired (Redden et al., 2007). Herman and
Webb (2007) contend that there are three main alignments that each education system is
expected to set in place: alignment of assessment with curriculum standards, alignment of
learning outcomes with curriculum standards and alignment of assessment with learning
outcomes. In other words, curriculum design, learning objectives and assessment tasks need
to be aligned to ensure student learning is in line with the intended learning outcomes.
Previous studies have also shown that aligning curriculum with teaching method can
contribute to student performance (Baker, 2004; Porter, 2002; Rothman et al., 2002; Webb,
2007). While improvement in student performance is relatively easy to gauge, measuring
alignment between curriculum, instruction and assessment is not a straightforward process.

2.2 Alignment approaches and methodologies
Two alignment approaches, namely traditional rating and matching technique, are commonly
used in teaching and learning. Traditional rating methods rely on experts in the discipline to
rate the degree of alignment between a stated objective and a test item on a multipoint scale
(Harris and Brown, 2010; Herman et al., 2005). Matching techniques involve asking experts to
choose the objective which they consider aligning best with an item (Case et al., 2004; Webb,
1997b). While the two methods are distinct in approach, the complexity in curriculum
alignment often requires a thorough analysis of content and intellectual skills using both
traditional rating and matching technique (D’Agostino et al., 2008).

To determine alignment between curriculum, instruction and assessment, analysis of
content to enable matching is usually the first step. For example, Koh and Neuman (2009)
assessed the content of a family child care course to determine the alignment between the
syllabus and the course activities. Similarly, Stayton et al. (2012) used content analysis to
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determine alignment of state standards with national personnel standards in early childhood
special education. Likewise, Witzig et al. (2014) proposed the use of a 35-item Biotechnology
Instrument for Knowledge Elicitation scored on a three-point scale to evaluate the content of a
biochemistry course to establish alignment between guiding concepts and course topics.

In measuring curriculum alignment, researchers tend to rate the alignment of curriculum
standards based on a list of criteria (Biggs, 1996; Näsström and Henriksson, 2008; Webb,
1997b). The raters then compare the curriculum materials against the set criteria to
determine the degree of alignment (Nasser et al., 2014). For example, Porter (2002) used
content maps and an alignment index to measure the match between the content of
instruction and the instructional materials as experienced by teachers and students. This
numerical method has been applied to evaluate alignment between assessment and
standards (Polikoff et al., 2011; Porter et al., 2011), alignment of teachers’ instruction and
assessment (Polikoff, 2012a, b), alignment of teachers’ instruction and their contributions to
student learning (Polikoff and Porter, 2014) and alignment between curriculum guidelines
and examinations (Liang and Yuan, 2008). The recurring usage of the method suggests
that there is merit with numerical measure of alignment. In theory, Porter’s (2002) alignment
index can be used to measure the extent of alignment of anything that can be content
analyzed. In practice, the method has been used mainly to compare standards,
assessment and teaching in science, mathematics and quantitative subjects (Porter and
Smithson, 2002). Despite its comprehensiveness, popularity of the method can be affected by
its need to generate a matrix of topic descriptors and cognitive demand categories as well as
the level of coverage for each topic (Näsström and Henriksson, 2008).

2.3 Need for program level alignment tool
Educators generally agree that it is important to align curriculum with program objectives
as educational experience should encourage, support and reward students for mastering
program learning objectives (Allen, 2004; Kift, 2009; Plaza et al., 2007; Uchiyama and Radin,
2009). A well-designed higher education program can develop expertise of graduates across
all four domains of learning – cognitive, affective, psychomotor and conative – and equip
them to enter an increasingly competitive global environment (Reeves, 2006). Cohesive
curriculum design or mapping – a means of showing the links between elements of
curriculum and displaying its essential features in a clear and succinct manner – is often
employed to systematically align program content with program objectives, which will then
be used to develop CLOs, course activities and grading schemes (Huba and Freed, 2000).
Program assessment through the use of program alignment mapping tools, such as
Program Alignment Matrix developed by Liu et al. (2010), can increase understanding of
campus-wide effectiveness of education (Allen, 2004). However, most of the available
curriculum alignment tools are descriptive in nature and designed to determine alignment of
a single course. The literature on learning and teaching lacks numerical alignment measures
for an entire program. Although quantitative tools, such as Porter’s (2002) alignment index
can, in theory, be applied to every course in a program to ascertain the overall alignment, the
amount of work involved can be significant. As such, developing a relatively simple and
scalable tool for measuring degree of alignment between different elements of a degree
program at the program and course levels could supplement the current inadequacy.

2.4 RBT as a basis for categorization
Numerical alignment methods usually require a reference framework to create content maps
for comparison. As Porter (2002, p. 3) contented, “a single language for measuring content
ensures description at a consistent level of depth and specificity. [T]he language allows
alignment to be measured across a large number of instructional materials and instructional
practices.” In this regard, the taxonomy developed by Bloom et al. (1956) (or Bloom’s
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taxonomy, in short), which has been extensively employed as a strategy for creating content
in curriculum to impart learning, can be an appropriate candidate. The original Bloom’s
taxonomy comprises three overlapping domains: cognitive, psychomotor and affective
(Pickard, 2007). In the cognitive domain, the taxonomy provides definitions for each of the
six major cognitive categories, each broken into sub-categories. They include knowledge,
comprehension, application, analysis, synthesis and evaluation. Anderson et al. (2001)
extended Bloom’s taxonomy by affixing a knowledge dimension to it, which comprises
factual, conceptual, procedural and metacognitive categories (Krathwohl, 2002). With minor
adjustment in sequential order, the six categories in the cognitive process dimension were
converted to their active verb counterparts, including remember, understand, apply,
analyze, evaluate and create. As a method of classifying educational goals for student
performance evaluation, the original taxonomy provides a basis for educators to categorize
levels of learning, in terms of expected outcomes for a given education program. The revised
taxonomy creates an intersection of knowledge and cognitive process categories to support
design of learning strategies, as well as to facilitate learning assessment.

With cognitive process and knowledge as two distinctive dimensions, the RBT can serve
as a framework for gauging curriculum alignment, which may include a number of
objectives, a variety of instructional activities and different types of assessment tasks,
regardless of whether the analysis is based on the curriculum of a single course or an entire
program (Anderson, 2002). Using the RBT, measuring learning outcomes could take into
consideration various levels of learning. In general, the RBT can be used to classify
instructional activities based on the criteria of both the cognitive process and the knowledge
transferred. To measure alignment, the classified activities can be translated into codes and
an index or statistic that gauges the agreement between two sets of codes can then be
applied (Bakeman and Gottman, 1997; Cohen, 1960; Holt et al., 2015).

2.5 κ statistic for measurement of alignment
In addition to a framework, numerical alignment measures also need a systematic approach to
calculate a score to gauge the degree of alignment. In this regard, Cohen’s (1960) κ statistic is
suitable. The statistic has been widely used in the field of content analysis due to a number of
advantages over other measures (Carletta, 1996; Jakobsson and Westergren, 2005). A κ
statistic (or coefficient) of inter-judge agreement for nominal scale measures the agreement
between two judges on their independent assessment of a subject matter. It represents the
proportion of agreement beyond chance (Daly and Bourke, 2000) and is considered a measure
of “true” agreement (Cohen, 1960). Derivatives of κ have been used for analyzing hypotheses
concerning rater disagreement and interpreted as proportionate reduction-in-error measures
(von Eye and von Eye, 2005). The application of κ in teaching and learning is also widespread
but the statistic is mainly used to measure inter-rater reliability or agreement in alignment
studies (see Nathan and Kim, 2009; Braasch and Goldman, 2010; Chapman et al., 2010; Corte
et al., 2013; Fyssa and Vlachou, 2015). Cohen’s κ requires a contingency table of classifications
by two raters to calculate the degree of inter-rater reliability. In this study, this attribute is
leveraged to measure the agreement between two grid maps – for example, one for national
standards and another for PLOs – created using the RBT. A contingency table can then be
compiled based on the number of matched and mismatched grids between the two maps to
calculate the statistic representing their level of alignment. In view of its robustness and ease
of interpretation, Cohen’s κ is considered appropriate for use as an index for measuring
agreement between learning outcomes and set standards.

3. Methodology
For the purpose of benchmarking, this study put forward a scalable approach to evaluate
alignment between national standards, programs learning outcomes, its constituent courses
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and their assessment tasks. The proposed method uses the RBT (Anderson et al., 2001;
Krathwohl, 2002) as a basis to categorize national standards, s PLOs and CLOs as well as
assessment methods. The categorization of each set of learning outcomes is presented on a
map with 24 grids, representing the 6× 4 matrix of the RBT with cognitive processes as
columns and knowledge types as rows. Cohen’s kappa statistic (κ) for the agreement
between two grid maps – each represents a set of learning outcomes or assessment
methods – is then calculated as a measure of the alignment. The procedure is repeated at
different levels to enable a systematic and consistent comparison between programs.
Figure 1 shows the concept of this approach.

To illustrate the procedure of the proposed approach and demonstrate its value, two
undergraduate business programs in different disciplines offered at an Australian
university were used as examples for comparison of their respective alignment with the
national standards and the constituent discipline courses. As a basis for categorization, the
RBT is used to examine the extent to which: the PLOs of the two undergraduate programs
align with the national standards; the CLOs of the constituent courses of the programs align
with their PLOs; and the assessment methods of each constituent course align with their
CLOs. In each case, the degree of alignment is measured using Cohen’s κ statistic. The
relative alignment of the two programs is then compared using an index generated by
taking the average of the κ coefficients.

3.1 Categorization of learning outcomes
In this study, the RBT is used as a basis for categorizing learning outcomes and objectives
of assessment methods to determine alignment. As Krathwohl (2002, p. 213) explains,
intended learning outcomes are generally written in such a way that comprises (1) a
description of action on a subject matter and (2) the subject matter or content itself. They
typically consist of (1) a verb, or verb phrase, to represent a cognitive process and (2) a noun,
or noun phrase, representing the subject matter or content. The former fits in with the
cognitive process dimension and the latter the knowledge dimension of the RBT. For
example, a typical CLO may read as follows: “Upon completion of the course, students will
be able to understand the key concepts and theories in the field of supply chain
management.” In this example, the cognitive process action verb is “understand” and the
Knowledge type is “concepts and theories.” So, if the six categories of the cognitive process
in the RBT – remember, understand, apply, analyze, evaluate and create – are labeled as
from C1 to C6 and the four knowledge types – factual, conceptual, procedural and
metacognitive – as from K1 to K4, the CLO in the example can be categorized as C2K2. In
other words, by matching the action verb(s) and the content noun(s) in a CLO against the
corresponding verbs and nouns in the RBT, it is possible to categorize the CLO into one or
more of the 24 cells in a two-dimensional matrix formed by the six cognitive processes and
the four knowledge types. Anderson (2002) also concurs that the RBT table with 24 cells

Learning Outcomes Catogorization Mapping � Statistic Calculation

- To be able to…
- To be able to…

- To be able to…
- To be able to…

National Standards
The Revised Bloom’s

Taxonomy

6×4 Grid Map

6×4 Grid Map
�

Program Learning
Outcomes The Revised Bloom’s

Taxonomy

2×2
Contingency

Table Figure 1.
Basic concept of the
proposed alignment
evaluation approach
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enables teachers to use it as a framework to examine and enhance curriculum alignment.
The generic nature of the knowledge types in the RBT table also implies that it can be used
for diverse subject matters. Using the cognitive verbs and knowledge nouns in the RBT to
prepare program and CLOs as well as course assessment tasks, the framework can be used
as a standard for categorizing learning and teaching elements at national, program and
course level, thus making the proposed approach scalable.

3.2 Measurement of degree of alignment
Cohen’s (1960) κ is a commonly used statistic to measure agreement for nominal scale (i.e.
data recorded in categories). It was originally intended to assess agreement between two or
more observers, with similar skills and experiences in the subject matter, in categorizing
items into two classes. The coefficient is popular because it measures the “true” agreement
beyond that is expected by chance as shown in the following equation:

k ¼ observed agreement�chance agreement
1�chance agreement

: (1)

For example, the agreement between two observers A and B in their independent
classifications of a set of subjects into two classes 1 and 2 can be measured using κ by
creating a contingency table summarizing the classification results (Table I).

The proportion of observed agreement (Po), i.e. where the two independent observers
actually give identical classifications can be calculated as follows:

Po ¼ aþdð Þ
n

: (2)

The proportion of agreement expected by chance (Pc), i.e. where the two independent
observers give the same results entirely due to chance can be calculated as follows:

Pc ¼
aþbð Þ aþcð Þþ bþdð Þ cþdð Þ

n2
: (3)

Then, based on Equation (1), κ can be calculated using the following equation:

k ¼ Po�Pc

1�Pc
: (4)

When Po¼ 1, κ has a maximum value of 1 and the agreement is regarded as perfect. When
Pc¼Po, κ has a value of 0 indicating that the agreement is no better than chance. When
Po¼ 0, κ has a minimum value of −Pc / (1−Pc) which is negative suggesting a worse than
chance agreement (Bartko and Carpenter, 1976).

While Cohen’s κ statistic is commonly used to measure reliability of clinician’s rating in
medical research (see Donner and Klar, 1996; Kraemer et al., 2002; McHugh, 2012), the
coefficient has also been widely applied to compare maps for differences in attributes

Observer B’s classification
Observer A’s classification Class 1 Class 2 Total

Class 1 a b a+b
Class 2 c d c+d
Total a+c b+d n¼ a+b+c+d
Notes: a, b, c, d are actual counts; a and d are counts of agreements while b and c are counts of disagreements

Table I.
Contingency table
used in calculating
Cohen’s κ statistic
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(see Lau and Kam, 2005; Monserud and Leemans, 1992; Visser and de Nijs, 2006).
To measure the strength of agreement using the κ statistic, a scale ranging from poor to
almost perfect has been proposed by Landis and Koch (1977) (see Table II).

3.3 Combining the RBT with κ to measure alignment of higher education program
If the two dimensions of the RBT are seen as map references with the horizontal axis
representing the cognitive process and the vertical axis the knowledge type, the various
learning outcomes and assessment methods with specific cognitive processes and
knowledge types can be taken as grids marked on a map. By comparing two maps with
different marked grids, a κ statistic can be calculated to measure the degree of their
agreement. Using this technique, alignment between national standards and programs,
courses and programs and assessment tasks and courses can be measured on a scalable and
consistent basis. Following the principle of backward design in education (Childre et al.,
2009; Cho and Trent, 2005), the alignment between national standards and a program, then
the program and its constituent courses, and finally the courses and the assessment tasks,
can be evaluated in sequence and measured using a series of κ statistics. While the
individual statistics representing alignment at the different levels – between national
standards and programs, courses and programs, and assessment tasks and courses – can
help improve curriculum design and development of appropriate course contents and
assessment methods, the overall alignment of the program can be signified by averaging the
various statistics to facilitate comparison between programs for benchmarking. Table III
summarizes the steps involved in the process which are also visually depicted in Figure 2.

Strength of agreement Poor Slight Fair Moderate Substantial Almost perfect

Value of κ ⩽0 0.01–0.20 0.21–0.40 0.41–0.60 0.61–0.80 0.81–1.00
Source: Landis and Koch (1977)

Table II.
Interpreting the
magnitude of

Cohen’s κ statistic

Step Activity Map

1 Categorize the national standards of the relevant degree program and mark them as
grids on a map A using the RBT dimensions as grid references

A

2 Categorize the intended program learning outcomes (PLOs) of the higher education program
and mark them as grids on another map B using the RBT dimensions as grid references

B

3 For the constituent courses in the program, categorize the intended course learning
outcomes (CLOs) and the assessment methods of each individual course and mark them as
grids separately on two maps (C and D) using the RBT dimensions as grid references.
Consequently, a series of pairs of maps (Cs and Ds) will be created

Cs, Ds

4 Amalgamate the maps (Cs) representing the intended CLOs of all the constituent
courses in the program into one map (E)

E

5 Calculate the κ statistic (κN) for agreement between Maps A and B to determine the
degree of alignment of the intended PLOs of the program with the national standards

A and B

6 Calculate the κ statistic (κP) for agreement between Maps B and E to determine the degree of
alignment of the intended PLOs of the program with the intended CLOs of the constituent courses

B and E

7 Calculate the κ statistic (κi) for agreement between each pair of Maps C and D to
determine the degree of alignment of the intended CLOs of a constituent course with its
assessment methods. Consequently, a series of κ statistics (κ1, κ2,…, κn) will be generated
and the average value (mean κC) will be taken

Cs and Ds

8 Calculate an index (mean κ) representing the overall alignment of the program, from the
perspectives of the national standards, the entire program and the constituent courses
combined together, by taking the average of the three κ statistics (κN, κP, mean κC)

NA

Table III.
Steps in using the

RBT and Cohen’s κ
statistic in measuring

alignment

2835

Benchmarking
higher

education
programs



www.manaraa.com

To minimize subjective judgment and bias in the categorization of program and CLOs as
well as assessment methods, the categorization process – Steps 1 to 3 in Table III – can be
conducted independently by multiple raters using Cohen’s (1968) weighted κ to evaluate the
agreement between each pair of raters. Any disagreement can then be resolved through
elaborated group discussion and further analysis until a consensus is reached. This
approach of resolving disagreement is commonly used in alignment studies, such as Porter
and Smithson (2001) and Liang and Yuan (2008). In this study, the categorizations of
learning outcomes and assessment methods were conducted independently by all authors
prior to consolidation. While the majority of the categorizations are identical and therefore
taken as final, the few instances of disagreements were resolved through group discussion
and deliberation.

4. Illustrative examples
To illustrate the proposed procedures, two undergraduate business programs offered by an
Australia university were mapped. One of the two higher education programs is in the
discipline of logistics and supply chain management (hereafter referred to as BBus (LSCM))
whereas the other one is in information systems (hereafter referred to as BBus (IS)). Both
programs require three years of full-time study and follow the same 8+8+8 program
structure – eight 12-credit point courses in each year with four in one semester – as adopted
by the university being studied. The first year comprises eight common business courses
which are compulsory for all students enrolled in business programs regardless of
disciplines. The second and the third year each comprises four discipline courses and four
other courses. Students can make use of the eight non-discipline courses ( four each in the
second and the third year) to take a second major or double minor or a minor with student
electives. In this regard, there are over a hundred courses a student can take and, therefore,
two students in the same program might have taken two sets of totally different minor or
elective courses upon graduation. This design gives students maximum flexibility in

National
Standards

Program Learning
Outcomes (PLOs)

Course Learning
Outcomes (CLOs)

Assessment
Methods

Metacognitive

Procedure

Conceptual

Factual

Remember Understand Apply Analyse Evaluate Create

Notes: (a) Mapping national standards, learning outcomes, and assessment methods onto the
revised Bloom’s taxonomy (RBT); (b) calculating � statistics representing degree of alignment
between two maps. In the Step 8, where: �N , � statistic at national level; �P , � statistic at program
level; �C , mean � statistic at course level

Steps 1 to 3

Learning Outcomes

Revised Bloom’s Taxonomy

Steps 5 to 6 Step 7

A C1 D1

D2

Dn

C2

Cn

B

E

E

Map

A

B

C1, C2,…, Cn

D1, D2,…, Dn

Step 4

(4)

Step 8

(1)

(2)

(3)

(3)

(5) (8)

(6)

(7)
… …

�N

�N + �P + �C
�1

�2

�n

�C = ——�P n
∑�i

� = ————————
3

(b)

(a)

Figure 2.
The RBT mapping
and the calculation of
κ statistics
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pursuing their studies to meet their individual needs. To eliminate bias in comparing the
alignment of the two programs, only the eight discipline courses in the respective programs
are considered in the calculation of the κ statistics.

The national standards for undergraduate degree programs are specified in the Australian
Qualifications Framework (AQF). First introduced in Australia in 1995 as the national policy to
underpin the system of qualifications encompassing higher education, vocational education and
training and schools, the AQF incorporates the qualifications from each education and training
sector into a single comprehensive national qualifications framework. It is a taxonomic structure
of levels and qualification types, each of which is defined by a taxonomy of learning outcomes.
The AQF levels define the relative complexity and depth of achievement and the autonomy
required of graduates to demonstrate that achievement. There are ten levels, with Level 1 having
the lowest complexity and Level 10 the highest complexity. The AQF qualification type, a total of
14 from across all education and training sectors, is defined by a descriptor expressed as learning
outcomes constructed as a taxonomy of what graduates are expected to know, understand and
be able to do as a result of learning. They are expressed in terms of the dimensions of knowledge,
skills and the application of knowledge and skills (Australian Qualifications Framework Council,
2013). To a large extent, the knowledge and skills referred to in the AQF correspond to the
dimensions of Knowledge and Cognitive Process dimensions in the RBT.

The AQF classifies three-year bachelor degrees as qualification type Level 7 (or AQF
Level 7 in short). Table IV summarizes the learning outcome descriptors of this level. The
bolded words in the learning outcomes are active verbs (or nouns referring to actions)
identified to match against the cognitive processes in the RBT and the italicized words are
contents to match against the knowledge types. By matching the AQF Level 7 descriptors
against the corresponding RBT’s knowledge and cognitive process dimensions (Table V), a
map representing the AQF Level 7 standards can be created (Figure 3).

Using the BBus (LSCM) program as an example, the published PLOs and their mapping
onto the RBT are shown in Table VI. Again in the PLOs, the bolded words are active verbs
identified to match against the cognitive processes and the italicized words are contents to

Bachelor Degree – AQF Level 7
Headings Learning outcomes

Knowledge
Graduates of Bachelor Degree will have

K1 A broad and coherent body of knowledge
K2 Depth in the underlying principles and concepts in one or more

disciplines as a basis for independent lifelong learning
Skills
Graduates of a Bachelor Degree will have

S1 Cognitive skills to review, critically analyze,
consolidate and synthesize knowledge

S2 Cognitive and technical skills to demonstrate a broad
understanding of knowledge with depth in some areas

S3 Cognitive and creative skills to exercise critical thinking
and judgement in identifying and solving problems with
intellectual independence

S4 Communication skills to present a clear, coherent and
independent exposition of knowledge and ideas

Application of Knowledge and Skills
Graduates of a Bachelor Degree will
demonstrate the application of knowledge
and skills

A1 Initiative and judgement in planning, problem solving
and decision making in professional practice and/or
scholarship

A2 Adapt knowledge and skills in diverse contexts
A3 Responsibility and accountability for own learning

and professional practice and in collaboration with
others within broad parameters

Source: Australian Qualifications Framework Council (2013)

Table IV.
Learning outcome
descriptors of AQF
qualification type

Level 7
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match against the knowledge types in the RBT. The map representing the PLOs created
from Table VI is shown in Figure 4.

Similarly, for each of the eight discipline courses comprising the BBus (LSCM) program,
the CLOs and the assessment methods can also be mapped onto the RBT, respectively.

AQF Level 7 Revised Bloom’s taxonomy (RBT)
Descriptor Cognitive process dimension Knowledge dimension

K1 C1, C2 K1, K2
K2 C2, C3 K1, K2
S1 C4, C5, C6 K1, K2
S2 C3, C4 K2, K3
S3 C5, C6 K4
S4 C2, C3 K1, K2
A1 C5, C6 K3, K4
A2 C5, C6 K2, K3
A3 C5, C6 K4

Table V.
Matching AQF Level
7 descriptors against
the revised Bloom’s
taxonomy (RBT)

K4

K3

K2

K1

C1 C2 C3 C4 C5 C6

Map A – AQF Level 7 Descriptors Mapped onto the RBT

Figure 3.
AQF Level 7
descriptors mapped
onto the RBT

Program learning outcomes of BBus (LSCM) Categories in RBT

1. Utilize generic business knowledge & capabilities to analyze business problems,
engage reflective practice and develop conceptual frameworks to inform and improve
future practices using appropriate technical tools and language of the field

C3K1, C3K2,
C4K1, C4K2, C6K2

2. Apply supply chain management principles and operational concepts to integrate,
coordinate and synchronize supply chain activities to articulate and deliver
customer-directed quality outcomes within legal, regulatory, business and ethical
frameworks in local and international environments

C3K2, C4K2, C5K2

3. Develop operations and integration processes to source and utilize appropriate
technology and applications to support the implementation of logistics strategies,
automate logistics operations and manage logistics resources to improve supply chain
operations with due consideration given to occupational health and safety risks

C3K2, C6K3, C6K4

4. Leverage material management knowledge to implement concepts, techniques and
applications that underpin material management operations, processes and workflows
to allow for efficient procurement, monitoring and control of information and resources

C3K2, C3K3

5. Use state-of-the-art distribution practices to implement strategic and operational
concepts, techniques and applications that underpin distribution and delivery of goods
and services for domestic and international markets

C3K2, C3K3

6. Improvise creative supply chain design & solutions to research, plan, develop,
implement and evaluate less conventional supply chain solutions in a dynamic
business environment at the strategic, tactical and operational levels to ensure
sustainable business practices

C3K3, C5K3, C6K4

7. Develop interpersonal skills to engage with others in culturally diverse and
technically complex situations, to develop lifelong learning skills and to become effective
project team members

C6K4

8. Apply teamwork and leadership capabilities to actively lead, engage, influence and
work with people of diverse skills and cultural backgrounds within a dynamic business
environment to achieve stated business goals and objectives

C3K4

Table VI.
Matching BBus
(LSCM) program
learning outcomes
against the RBT
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The number of learning outcomes in a course varies from four to eight but the number of
assignments is limited to two in addition to the end-of-semester examination. The
assignments, which may include online quiz, quantitative analysis exercise, qualitative case
study, research essay, investigative project or real-world problem solving depending on
whether the lower or higher order learning of students is assessed, can be individual or
group work and may comprise a report and a presentation. Taking the first discipline course
Introduction to Logistics and Supply Chain Management as an example, the CLOs and the
assessment methods with their mapping onto the RBT are shown in Table VII. Once again,
the bolded and the italicized words in the learning outcomes and the assessment methods
represent the corresponding active verbs (or nouns referring to actions) and knowledge
types in the RBT. The maps representing the CLOs and the assessment methods created
from Table VII are shown in Figure 5. By combining the maps of the CLOs (i.e. Map C’s) of
all the eight discipline courses, a map representing the overall learning outcomes of the
discipline courses of the BBus (LSCM) program (i.e. Map E) can be created (Figure 6).

Once the maps representing the national standards (AQF Level 7), PLOs, CLOs and the
assessment methods in the RBT categories are generated, agreement between a pair of
maps can be measured by calculating the corresponding Cohen’s κ statistic. For example,

K4

K3

K2

K1

C1 C2 C3 C4 C5 C6

Map B – BBus (LSCM) Program Learning Outcomes Mapped onto the RBT
Figure 4.

BBus (LSCM)
program learning
outcomes mapped

onto the RBT

Course learning outcomes of introduction to logistics and supply chain management Categories in RBT

1. Explain and evaluate key concepts and theories in the field of logistics and supply
chain management

C2K2, C5K2

2. Interpret and apply the concepts of logistics and supply chain management in
assisting other functional areas of any business organization

C2K2, C3K2

3. Build and display appropriate leadership and organizing abilities in leveraging
resources, capabilities, and competencies of a group to critically analyze situations
and develop solutions to problems

C3K4, C4K3, C6K3

4. Develop and apply effective interpersonal skills and communication techniques in
working as a team to solve real-world problems in supply chain management

C3K2, C3K3, C6K4

Assessment Methods of Introduction to Logistics and Supply Chain Management
1. Group Portfolio consisting of a group presentation and a report. Each member in a
group is required to select for investigation one supply chain process that underlines
the moving of a product from the suppliers to the end consumers. These processesmay
include demand management, procurement, operations, warehousing, distribution,
transportation, etc. Student members in each group will have to present their findings
on (supply chain activities found in the selected processes, and the contribution of the
activities to supply chain management. The group is also required to write up a formal
report, based on the topic selected for the presentation, which fully analyze and
illustrate their selection of the product, the supply chain processes and their findings

C2K2, C2K3, C3K4,
C4K3, C6K4

2. Individual Online Quiz. Students are required to complete an online quiz that is
designed to examine students’ understanding of logistics and supply chain
management concepts covered in the lectures and the tutorials

C2K2

3. End-of-Semester Examination. A closed book examination will be held at the end of
the semester. The exam is a 2-hour examination consisting of structured and case
study questions that examine students’ understanding and applications of
logistics and supply chain management concepts

C2K2, C3K2

Table VII.
Matching learning

outcomes and
assessment methods

of introduction to
logistics and supply
chain management
against the RBT
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to measure the degree of alignment between the PLOs of the BBus (LSCM) program and the
AQF Level 7 descriptors, Maps A and B are overlayed to generate a contingency table and
Cohen’s κ statistic (κN) is calculated using Equations (2)–(4), as shown in Figure 7.

5. Findings and discussion
Using the methodology described in the previous section, a set of Cohen’s κ statistics for the
BBus (LSCM) and BBus (IS) programs can be calculated and compared. The results are
shown in Table VIII. As far as alignment with the national standards is concerned, BBus (IS)
has a higher κ statistic (in the moderate category) than BBus (LSCM) (in the Fair category),
suggesting that the former is better aligned. When comparing the alignment of PLOs
against CLOs, the κ statistics of the two programs both fall in the Fair category, suggesting
that both are not well aligned in this aspect. For the alignment of CLOs against assessment
methods, an interesting observation can be made. For the BBus (IS) program, the κ statistics
of the majority of the Years 1 and 2 courses are lower than those of BBus (LSCM). The
situation reverses when the Year 3 courses are compared. Most of the courses in the BBus
(IS) programs have a higher degree of alignment than those of the BBus (LSCM) program.
Taking all the three levels of alignment –AQF Level 7 vs PLOs, PLOs vs CLOs and CLOs vs
assessment methods – into consideration, the BBus (IS) program is better aligned than the
BBus (LSCM) program, with the former in the Moderate category, whereas the latter, in the
Fair category.

K4K4

K3K3

K2K2

K1K1

C1 C2 C3 C4 C5 C6 C1 C2 C3 C4 C5 C6

Map D – Intro to LSCM Assessment Methods Mapped onto the RBTMap C – Intro to LSCM Learning Outcomes Mapped onto the RBT

Figure 5.
Introduction to
logistics and supply
chain management
course learning
outcomes and
assessment methods
mapped onto the RBT,
respectively

K4

K3

K2

K1

C1 C2 C3 C4 C5 C6

Map E – Learning Outcomes of Eight Discipline Courses Mapped onto the RBTFigure 6.
Learning outcomes of
all eight discipline
courses mapped onto
the RBT

K4K4

K3K3

K2K2

K1K1

C1 C2 C3 C4 C5 C6 C1 C2 C3 C4 C5 C6

Map A – AQF Level 7 Descriptors Mapped onto the RBT Map B – BBus (LSCM) Program Learning Outcomes Mapped onto the RBT

PLOs of BBus (LSCM) (Map B)
Row TotalShaded Not Shaded

AQF Level 7
Descriptors (Map A)

Shaded
Not Shaded

Column Total

10 8 18
0 6 6
10 14 24

Notes: Po = (10+6)/24 = 0.667; Pc = [(10+8)(10+0)+(8+6)(0+6)]/242 = 0.458; � = (0.667–0.458)/
(1–0.458) = 0.385

Figure 7.
Degree of alignment
between AQF Level 7
descriptors and
program learning
outcomes of BBus
(LSCM) measured by
Cohen’s κ statistic
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From a methodological perspective, there are several possible reasons for the observed
differences. First, the classification of PLOs and CLOs as well as assessment methods into
categories along the two RBT dimensions hinges on the identification of active verbs signifying
the cognitive processes and the nouns representing the knowledge types used in the statements.
Therefore, whether a PLO or CLO or an assessment method is clearly written using the relevant
RBT actions verbs and nouns or not determines to a large extent the success of the
classification. For example, the following CLO of a Year 2 discipline course in the BBus (LSCM)
program are clearly written using RBT verbs and nouns and can therefore be easily classified:

Comprehend and evaluate key concepts and theories in the field of transportation and freight logistics.

The RBT active verbs are “comprehend” and “evaluate.” They can clearly be grouped under
C2 and C5. The RBT nouns are “concepts” and “theories.” Again, they can be unambiguously
grouped under K2. As a result, the learning outcome can be labeled as C2K2 and C5K2.

In contrast, the following learning outcome of a Year 2 discipline course in the BBus (IS)
program is not written in RBT verbs and nouns and therefore cannot be easily classified:

Manage data in a database system by using data manipulation language (Structured Query
Language); SFIA Codes include: PROG Programming/Software Development (Level 2).

The active verb “manage” is broad in meaning and does not augur well with any of the RBT
verbs. The closest verb appears to be “apply.”Therefore, the cognitive process is classified as C3.
The noun “data manipulation language” can be interpreted as knowledge of terminology which
is factual knowledge under K1. However, it can also be construed as knowledge of classifications
and categories as well as structures, which is conceptual knowledge under K2. Upon extensive
deliberation among the independent raters, this learning outcome is labeled as C3K2.

Owing to the way some of the CLOs and the corresponding assessment methods are
written, their classifications into the RBT categories can be quite different resulting in
significant misalignment. This may account for the low κ statistics observed in the mapping
of CLOs against assessment methods. The contrasting examples shown above illustrate the
importance of providing clear and comprehensive guidelines when writing CLO statements
and assessment tasks. If the RBT is to be adopted as a reference framework for preparing
learning outcomes and assessment methods as practiced in many higher education
institutes (Heer, 2012; O’Neil and Murphy, 2010), the RBT active verbs and knowledge types
should be used to ensure consistency and alignment.

Cohen’s κ statistic (κ)

Alignment
BBus
(LSCM)

BBus
(IS)

(1) AQF Level 7 vs PLOs (i.e. Map A vs Map B) – κN 0.385 0.500
(2) PLOs vs All CLOs (i.e. Map B vs Map E) – κP 0.211 0.250
(3) CLOs vs Assessment Methods (i.e. Map C vs Map D) –Discipline Course 1 –Year 1 0.600 0.556
CLOs vs Assessment Methods (i.e. Map C vs Map D) – Discipline Course 2 – Year 2 0.524 0.400
CLOs vs Assessment Methods (i.e. Map C vs Map D) – Discipline Course 3 – Year 2 0.354 0.250
CLOs vs Assessment Methods (i.e. Map C vs Map D) – Discipline Course 4 – Year 2 0.500 0.714
CLOs vs Assessment Methods (i.e. Map C vs Map D) – Discipline Course 5 – Year 3 0.294 0.500
CLOs vs Assessment Methods (i.e. Map C vs Map D) – Discipline Course 6 – Year 3 0.474 0.556
CLOs vs Assessment Methods (i.e. Map C vs Map D) – Discipline Course 7 – Year 3 0.486 0.556
CLOs vs Assessment Methods (i.e. Map C vs Map D) – Discipline Course 8 – Year 3 0.684 0.556
(4) CLOs vs Assessment Methods (i.e. Map C vs Map D) – Average of (3) – κC 0.489* 0.511*
(5) Overall for the Program – Average of (1), (2) and (4) – mean κ 0.362* 0.420*
Note: *Represents average figure

Table VIII.
Comparison of

alignment of BBus
(LSCM) and BBus (IS)
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Another possible reason for the variations in alignment at national, program and
course levels relates to the characteristics of the reference framework and the disciplines.
The RBT is a discipline-free generic taxonomy of cognitive processes and knowledge
types. Mapping national standards, such as AQF Level 7, which are also discipline-free,
onto the RBT is straightforward. However, PLOs and CLOs are discipline-specific.
Although scholars, such as Anderson et al. (2001) and Huitt (2011), have proposed to
expand the list of synonyms for the six major cognitive processes in the RBT, it is still not
possible to encompass all the knowledge acquiring activities, particularly in
programs and courses, such as computer programming or information system design,
that require special settings or use of complex assessment methods to gauge learning
outcomes. This may account for the “fair” to “moderate” alignment of the PLOs with the
national standards.

The other possible source of variation in alignment can be attributed to the focus of
learning outcome. In categorizing the PLOs and the CLOs, we observed an emphasis on
higher-order cognitive processes and knowledge types. Lower-order cognitive process, such
as remember (C1) and understand (C2), and factual knowledge type (K1), are relatively less
mentioned in the PLO or CLO statements. For example, in the eight PLOs of the BBus
(LSCM) program (Table VI), the RBT active verbs of “remember” and “understand” have
not been used at all. Factual knowledge type (or generic knowledge) has been mentioned in
only one learning outcome. This imbalance is particularly obvious in the CLOs with the
majority of them emphasizing the application of concepts, principles and techniques.
Consequently, when mapping the CLOs of all the discipline courses of the two example
programs onto the RBT and comparing against their respective PLOs, the degrees of
alignment in both cases are not high owing to the overemphasis on higher-order knowledge
types in the CLOs. Again, the findings highlight the importance of providing clear and
comprehensive guidelines for the writing of learning outcome statements and assessment
tasks to ensure a balanced and comprehensive capture of knowledge of various types in
higher education programs.

Finally, disparity between learning outcomes and assessment design can also be a major
source of misalignment. In the two higher education programs being studied, assessment
methods of some courses are also not quite aligned with the CLOs. For example, the
assessment methods of the e-Supply Chain course in the BBus (LSCM) programs include
two group assignments as follows:

To investigate and to develop a sound understanding on how the latest information technologies
maintain its contributions/benefits in e-supply chain coordination.

To investigate and study the current supply chain of an actual company and develop plans to
migrate the current supply chain onto the e-platform (e-supply chain).

These two assessment tasks are relatively broad and complex. Furthermore, they both
focus on higher-order cognitive processes and knowledge types. The semester-end
examination contains an analysis of a case which also emphasizes cognitive process and
knowledge of higher-order learning. However, two out of the eight CLOs of the course
require the identification of issues and challenges in e-supply chain design and
implementation, which falls into the category of lower-order cognitive processes.
Consequently, the CLOs and the assessment methods are not well aligned and the
resulting κ statistic falls only in the Fair category (see Figure 8). This example illustrates
the significance of breaking down a complex assessment method into well-defined simpler
tasks so that each of them could align closer with an equally well-defined intended
learning outcome.

Table IX summarizes the areas identified in the two illustrative examples that have
caused major misalignments and the corresponding improvement measures.
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6. Conclusions and implications
In a regulated higher education environment, the quality of a teaching program could be
judged by the extent to which its objectives meet the criteria of the nationally prescribed
standards. Likewise, the extent to which CLOs could match those of the programwithin which
they sit would be an indicator of quality. Further, the extent to which the assessment tasks set
for a course reflecting the intent of the course would be a measure of how well the assessment
activities support the achievement of the CLOs. Motivated by studies on the need for
benchmarking in higher education (Asif, 2015; Pursglove and Simpson, 2007; Tasopoulou and
Tsiotras, 2017; Tee, 2016) and underpinned by previous research on curriculum alignment
and assessment framework (Anderson, 2002; Biggs, 1996; Case et al., 2004; Näsström and
Henriksson, 2008), this study has developed a systematic and consistent approach to measure
alignment between different elements of a program from the perspectives of national
standards, program and CLOs as well as assessment tasks to facilitate benchmarking. This is
achieved by mapping national standards, PLOs, CLOs and assessment tasks onto the RBT
followed by comparing the differences between the respective maps through the use of κ
statistics. While previous efforts in measuring curriculum alignment focus primarily on
individual courses, the method proposed in this research enables measurement and
comparison of alignment at program and course levels, hence supplementing the inadequacy
in the literature. Therefore, one of the values of the proposed approach is that it is easy to
implement and can be readily applied to measure alignment in teaching and learning at
different hierarchies, thus making it scalable and flexible for benchmarking.

Causes of Misalignment Identified Improvement Measures

Learning outcomes and assessment tasks are not
written using the standard RBT cognitive action
verbs or knowledge types

To provide comprehensive guidelines and examples
as references to reduce inconsistency in the writing of
learning outcomes and assessment tasks

Current RBT cognitive action verbs and knowledge
types are not adequate to describe learning outcomes
and assessment tasks of certain disciplines

To enlarge the pool of RBT cognitive action verbs and
knowledge types to cover more disciplines

There is a tendency to over-emphasize the use of
higher order cognitive processes and knowledge
types in writing the learning outcomes and
assessment tasks

To provide comprehensive guidelines and examples
as references to ensure a balanced coverage of
cognitive processes and knowledge types in the
writing of learning outcomes and assessment tasks

Assessments tasks can be excessively complex
comprising multiple objectives not written in the
standard RBT cognitive action verbs or
knowledge types

To break down a complex assessment task into
smaller and simpler well-defined subtasks written
using the standard RBT cognitive action verbs and
knowledge types

Table IX.
Causes of

misalignment and
corresponding
improvement

measures

K4K4

K3K3

K2K2

K1K1

C1 C2 C3 C4 C5 C6 C1 C2 C3 C4 C5 C6

Map C – e-Supply Chain Learning Outcomes Mapped onto the RBT

Assessment Methods of e-Supply Chain (Map D)
Row TotalShaded Not Shaded

CLOs of e-Supply 
Chain (Map C) 

Shaded 
Not Shaded 

1055
14113

Column Total 24168

Notes: Po = (5+11)/24 = 0.667; Pc = [(5+5)(5+3)+(5+11)(3+11)]/242 = 0.528; � = (0.667–0.528)/
(1–0.528) = 0.294

Map D – e-Supply Chain Assessment Methods Mapped onto the RBT

Figure 8.
Degree of alignment

of e-supply chain
course learning
outcomes and

assessment methods
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Another value of the proposed method for measuring alignment is that it facilitates program
and curriculum design. Using the RBT framework to categorize learning outcomes and the κ
statistic to measure agreement, the method can indicate where the misalignment is and how
the alignment can be improved, for example, by adhering to the use of the RBT active verbs
and knowledge types in setting the learning outcomes and assessment methods. A low κ
statistic reveals room for improvement and points to areas where learning outcomes or
learning objectives may need to be revised. The approach can also facilitate the design of
assessment methods by breaking up a complex assignment into simpler component tasks to
increase their degree of alignment with the learning objectives.

In short, the proposed method can foster a closer alignment between learning outcomes
and assessment methods using the RBT as a reference frame. At a higher level, the
approach can be applied to increase alignment between degree programs and national
standards in curriculum design and assessment methods. At a lower level, the
methodology could be employed to reveal gaps in the design of instructional materials and
assessment tasks at different cognitive levels and knowledge types. The scalable nature of
the approach, grounded on a pedagogically sound and easy to use RBT, makes it an
effective tool to enhance alignment of some of the critical factors, such as goals, learner
tasks and assessment, to ensure learning success (Reeves, 2006). Continuous improvement
in alignment conforms to the premise of cognitive constructivism to promote reflection
and deep thinking (Brooks and Brooks, 1999) and agrees with the aim of social
constructivism to make learning materials meaningful (Redden et al., 2007). The approach
facilitates benchmarking between academic programs within a university or among
educational institutions, thereby enabling a better understanding of the university’s
performance in teaching and learning.

The proposed method is not without limitations. Like other methods in evaluating
alignment of learning outcomes, subjective judgment cannot be avoided, particularly in the
mapping process when the learning outcomes are not written using RBT active verbs of
cognitive processes and nouns of knowledge types. Also, the categorization of learning
outcomes is less straightforward when multiple objectives are specified in a single learning
outcome or when various tasks are embedded in one assessment method. To overcome this,
a group of independent raters can be used to resolve disagreement in matching cognitive
processes and knowledge types to help achieve a consensus in categorization (Myford and
Wolfe, 2002; Thornton III and Rupp, 2006).

The proposed approach not only provides a tool for measuring alignment and comparing
higher education programs across different levels for consistency and benchmarking
purposes. It also offers opportunities for research on how learning outcomes and assessment
methods could be structured using the RBT to promote incremental learning from lower
cognitive processes and knowledge types to higher order ones, for example, through
collaborative learning by forming small semi-independent student groups (Collier, 1980).
Furthermore, effort could also be invested in enlarging the pool of active verbs for the
cognitive processes and knowledge types in the RBT to facilitate categorization of both
generic and discipline-specific learning outcomes. As such, the proposed method could be
applied in a wider scope to compare alignment between programs in different disciplines.
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