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SUMMARY

Cognitive engineering, by identifying behavior-simgpconstraints, provides
methods for design and evaluation of complex stedbmical systems. However,
traditional methods examine only one type of caisty either cognitive or
environmental. In learning service systems suakdagation, both cognitive and
environmental constraints must be examined togetimeproved methods of planning
and formative evaluation are needed for engineexthgation and other learning service
systems. Therefore, this dissertation developsaaaognitive engineering method,
Work Action Analysis (WAA), that is able to capturegnitive and environmental
constraints in a single model. The WAA model reprds a learning service system on
three dimensions: means-end decomposition, partdevdecomposition, and roles of
cognitive agents. WAA also provides methods faradigping and using this model in
planning and formative evaluation. The WAA methodplanning evaluation explicitly
represents the evaluator’s mental model of a lagraservice system and examines its
alignment to guide its design. The WAA methodftormative evaluation then takes the
WAA model and interprets evaluation measures irctirgext of the model. As a
demonstration, the methods for planning and forveativaluation are applied to a
portion of an undergraduate engineering courseprdvide measures for formative
evaluation of a course, a centralized evaluationgmmnent that collects performance,
perception, and process measures was added tteaneinbased course management
system. The WAA methods provide insights to theigleand operation of this learning
service system, including recommendations thatccbalimplemented during

instruction. The theoretical implications of theA¥® model of learning service systems,

Xiv



and further extensions of WAA, are also discussed.
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CHAPTER 1

INTRODUCTION

Evaluation is necessary for any system to ensusanieeting or has met its stated
goals. Evaluation must take place throughoutiteecycle of a system, i.e., during
design, operation, and end-of-life analysis. Dgidiesign, evaluation assesses the ability
of the system to meet its specified needs (Did®@83). During operation, evaluation is
needed to assess if the system is meeting thefiggegoals. The need for evaluation has
led to the development of many methods such aspsowontrol, quality control and
quality engineering in the manufacturing domaiimmaRy, at the end of an operational
cycle, the system should be evaluated to determimether the system was effective and
should be implemented again. As seen in varioubaodes for design (Dieter, 1983;

Pugh, 1991; Ulrich & Eppinger, 1995), a traditiopamary focus in engineering is on
technological systems. However, engineering desigthods could also be applied to
learning service systems, which are systems whersdrvice of teaching knowledge or
cognitive skills is provided by at least one agerdt least one other agent desirous of
learning them.

This dissertation examines evaluation in the lewyisiervice system of
undergraduate engineering courses. “Evaluatigdharcontext of educational systems is
defined briefly as examining the effectivenessroeducational system (or component of
that system) in meeting learning and teaching §g@hlickles, Pritchett, & Trotti, 2001).

In education, the forms of evaluation are categarizy when they take place in the life
cycle of the system. planning evaluation (Stevens, Lawrenz, & Sharp, 1993) is

performed on a course as it is being designedhisrevaluation, the evaluator specifies



expectations for the course in terms of the obyjestiactivities he or she expects students
to perform, and the content. The evaluator can éh@mine these expectations to
determine the appropriateness of the educationddods and materials relative to the
objectives. While the course is in progres&ranative evaluation is conducted to

measure how well the teaching and learning goal®aing met (Stevens et al., 1993)
and if the course is operating as expectedurAmative evaluation is conducted once the
course is completed and examines the success sys$iem overall in meeting the
specified objectives and expectations for opergiinvens et al., 1993).

The pursuit of more and better evaluation of engyiimg education is being driven
by pressure from various sources including acaédit boards, e.g., the Accreditation
Board for Engineering and Technology (ABET), anaisin calling for more efficient and
effective engineering education (CASEE, 2004; NR@95). The Center for the
Advancement of Scholarship on Engineering Educdpant of the National Academy of
Engineering) emphasizes the need for researcHantizie evaluation methods in
engineering education. They specifically callfiuore research on strategies and
technologies that enhance the effectiveness oftfamstruction (CASEE, 2004), which
requires faculty to evaluate their own methodglemtify where improvement is needed.

Also, though some amount of summative evaluatiarslatively common
practice, evaluation activities are not neededgusite end of the life cycle of an
educational system. For example, while most ABEdreditation criteria refer to aspects
of the system that should be examined in a summatraluation, criterion 2(d) calls for
“a system of ongoing evaluation that demonstratbegeaement of these objectives and

uses the results to improve the effectivenesseptbgram” (ABET, 2002-2003) (p. 1).



Students in the current life cycle of the systerh @ affected by any deficiencies; thus
these deficiencies should be discovered and remadiveasssible, during the course or
even before students take the course. Therefosedissertation focuses on planning and
formative evaluation in undergraduate engineermges.

Planning and formative evaluations need to be padd using rigorous,
structured methods, similar to the many engineetegign methods available for
technology design (e.g., Dieter, 1983; Pugh, 199dch & Eppinger, 1995). A major
benefit of an engineering design process is thadtructure leads to completeness, i.e., it
considers all the relevant aspects of the designtammperational environment. Another
benefit of engineering design is the use of motieesxamine and describe the design at
an appropriate level of detail before the actuateay is implemented.

It is not known exactly how frequently or with wHavel of rigor engineering
instructors perform planning and formative evaloagiin their courses. In practice,
instructors may informally perform planning evaloatas they design their courses.
When the course has started, instructors may rdgalad spontaneously evaluate using
readily available data, including grades on ass@gmisiand tests, perceived student
engagement in class, and the nature of studentigugs In a survey conducted by
Nickles, Pritchett, and Trotti (Nickles et al., 2Q0engineering instructors across the
United States reported performing 1.77 evaluat@mmaverage during each course. Even
if this value only indicates the number of form@lyposefully implemented formative
evaluations, they are still infrequent. Likewitee survey did not require respondents to
differentiate between planning, formative, and swative evaluations. For example,

89% of instructors surveyed reported using surgegsided by their institution, which



includes institute-wide end-of-course surveys. sehgurveys can be seen as either
formative to the development of a course acrosesters or summative to the course
taught in a single semester. If the focus is anmeative evaluation of individual
courses, the frequency of planning and formatieduation may be lower than 1.77.
The survey responses also did not describe thédévigor of the evaluation methods
used.

To support formative evaluation, educational measunust be collected in an
efficient and timely way and presented to the eat@iuin a manner consonant with
evaluation methods. One potential source of datenilnternet-based course
management system (CMS). A CMS (or course managieioal) has been defined as “a
tool specifically designed for the management aglivery of educational content via the
Internet” (St. Clair & Baker, 2003). Among the @tions CMS software typically
provide are distributing information to the claakowing students to submit work and
receive grades, and providing communication toetsvben instructors and students.
When a CMS is an integral part of a course, italan be used in several ways to collect
evaluation data. As they use the CMS, studentbearesented with anonymous
surveys to collect their perceptions of the coanrsassessments to measure their
performance. If students’ grades on assignmentstared in the CMS, they provide
measures of performance. In addition, studentsractions with the CMS can be logged
and examined for patterns. Since this data idreleically stored, much of it could be
automatically analyzed and presented to the evau&towever, while individual
instantiations of these measures have been imptechémough the Internet, they have

not yet been integrated together for compreherfsiveative evaluation.



1.1 Applying Cognitive Engineering to Evaluation of Irrang Service Systems

Cognitive engineering has been defined as “theidisdiplinary area of research
that is concerned with the analysis, design, amduation of Complex, Sociotechnical
Systems ” (Vicente, 1999, p. 5, capitalization hif)ere a sociotechnical system has
technical, psychological, and social elements (Miee1999, p. 9). Dainoff et al. assert
that education qualifies as a sociotechnical systedican be examined by the methods
of cognitive engineering (Dainoff, Mark, Hall, & &iardson, 2002). This dissertation
specifically asserts that cognitive engineeringhads can aid the planning and
formative evaluation of learning service systenshsas engineering education. In
support of this assertion, others have observedethaation can be viewed as a system
and evaluated as such (Brown, 1992; Biggs, 1998 KR 2004). In fact, one of the
earliest calls for a discipline of cognitive engineg grew out of observations on how it
could be applied to education, though it has nehltbusly applied (Norman, 1980). For
guidance on how to apply cognitive engineeringuppp®rt educational evaluation, it is
important to examine how cognitive engineering hesn applied to similar systems.
1.1.1Analogy of Educational Evaluation to Process Cdntro

Planning and formative evaluation of educationsamg@lar in many ways to the
design and operation of a process control taskced3s control is a fundamental part of
domains such as manufacturing and power generalioprocess control, the human
operator seeks to maintain the system’s operatjnoalesses so that it continues to
produce the desired output. Process control caeldeed as a control feedback loop,
where the operator examines measures taken ofstens, considers them in light of the

operator’s expectations for system behavior, ard thanipulates the system to conform



to the desired behavior.

Without measures, the process controller cannotvithe current state of the
system. However, measures will have various lesklalidity and reliability in how
well they are able to indicate any particular stdtthe system without unambiguous
interpretations. Rather, the operator must judbetiaer or not they expected a
measures’ value and act upon their interpretatfon o

To interpret the meaning of a set of measures @igentify and trace its
underlying causes, the operator must rely on a haddbe system: “...it is well known
in linear systems theory that, implicitly or exjuiig, every good controller must be, or
possess, a model of the system it is controllingténte & Rasmussen, 1992, p. 590). In
many cases of process control, the operator isgedwvith an explicit model by the
designer in the form of documentation or a contrtdrface. In addition, the operator has
a mental model of the system that is also useditbegoehavior and which may be
informed by the explicit model. Johnson-Laird atves that “human beings understand
the world by constructing working models of it hretr minds" (1983, p. 10). Cognitive
engineering also recognizes that the operator masternalmental model of expected
system behavior. Norman speaks of these modéthamodels people have of
themselves, others, the environment, and the thirtipswhich they interact” (Norman,
1988, p. 17). Vicente defines mental models agriternal symbolic representation of
the relational structures in the environment” (1999282).

While a mental model may or may not accuratelyeafthe actual system or be
comprehensive, it shapes the operator’s behavisigimficant ways (Norman, 1986).

An operator’s mental model is important to considi@ring design since, if the mental



model is not comprehensive or accurate, the opemsgy have wrong expectations of the
system. Cognitive engineering provides methodedke a mental model explicit to
improve its consistency and comprehensivenessregbect to the true system. Through
a systematic process of making a mental model @kple operator must confront the
gaps and inconsistencies in that model and resbbra as part of the design process.

Cognitive engineering has studied the domain ofgse control for over two
decades (e.g., Rasmussen, 1983; Rasmussen & Gapd9&7; Bisantz & Vicente,
1994; Burns, 2000). This research has broughglmsito many aspects of process
control, including operators’ mental models of flystem including several different
levels of abstraction (Rasmussen, 1985). The ystedel at each level of abstraction
represents one aspect of the complete system.eTénsls of abstraction are related as a
means-end hierarchy: system elements at one |éabistraction are the means for
accomplishing the related elements of higher lewElbstraction. The relationship also
holds in the opposite direction: elements at omellef abstraction are the ends or
purpose for accomplishing the related elementswér levels of abstraction. The levels
of abstraction commonly used in explicitly modelprgcess control include the physical
objects of a system, the physical actions thateataken, the general functions the
system performs, the general flows of mass, enemgy/or information as immediate
goals of the system, and the overall goals of yiséesn (Rasmussen, 1985; Bisantz &
Vicente, 1994).

Cognitive engineering provides several methodsrfodeling a system, including
hierarchical task analysis, work domain analysisl eontrol task analysis (Rasmussen,

Pejtersen, & Goodstein, 1994). Making the operatmental model explicit is one major



benefit to this work, as it can lead the operatazdntemplate and modify the model in
order to capture the system more accurately. $aels developed in cognitive
engineering have been used to design interfacésupaort the control task of the
operator at several levels of abstraction (Viced®_2; Vicente, Christoffersen, &
Pereklita, 1995; Vicente & Rasmussen, 1992). phtauh, cognitive engineering
methods can be used in the design of a systemebigfioas been built to ensure the task
environment matches the operator’'s capabilities(fRessen et al., 1994).

The same general characteristics of the methodtosgelsign a process control
system can be applied to the design and plannialyation of learning service systems
such as educational courses. Designing an induptiocess requires a rigorous,
structured engineering design method, which indudedeling the relevant aspects of
the system that are explicit and implicit in itseogtion such as physical objects and
system goals. Similar representations would suppa@iuation of a learning service
system during design. The instructor would reprebés or her expectations for the
system in a comprehensive framework, making chatmtse design and his or her
expectations as the representation is made explicit

In addition to examining the design of the learnsegvice system beforehand,
formative evaluation can be performed as it isrivgpess to determine what
improvements can be made. Continuous improvemegngineering education courses,
for example, requires instructors to adapt thestrirction through several mechanisms,
such as changes in presentation of material, clsangestructional methods and
pedagogy, changes in course administration, andigesain their methods of grading

student assignments.



Formative evaluation of education is similar cortaafly to the task of process
control in several ways. Formative evaluation barseen as a control feedback loop
where the evaluator, like the process controllerstmely on human judgment to perform
an evaluation, using the mental model and imperfesasures to assess the current state
of the system. Just as in process control, a me&sun give an indication of a system
variable, but it can not directly indicate the urigiag causes. This dissertation asserts
that learning service systems would greatly beffiefih this rigorous, model-based
pattern as it would establish more formal planremgluation. As in process control, the
model used in formative evaluation must be comprsive so that all relevant aspects of
the system can be considered in the evaluatiorepsdout must also provide sufficient
detail to pinpoint effective interventions. Thetiructor can modify many aspects of the
system to meet expectations as well as adjust &gpats when necessary.

While there are many similarities between procesgrol and educational
evaluation, there are also several differencesiw@iie summarized in Table 1. Two
major differences relate to the constraints thatiaposed on the operator and evaluator.
In process control, the operator’s behavior is @éws an adaptation to the constraints
imposed by the physical environment. In most cabesoperator cannot make
significant changes to the physical equipment dhésequence of operations performed.
Thus, these external, physical constraints aréivelg static. In contrast, an instructor
can create new material and learning activitiesfodents at any time and can give
students the ability to create their own learniotivties. In addition, the designer must
recognize how student and instructor behaviorge abnstrained by their cognitive

capabilities. For example, meeting specific leagrgoals may require a combination of



cognitive activities and physical actions, usingpaety of artifacts and information

sources, by both the instructor and students.

Table 1: Process Control vs. Formative EvaluationfoEducation

Process Control

Formative Evaluation of
Education

Primary Source of
Constraints

External, physical
environment

Internal, cognitive activities

Evaluator's Ability to
Change Constraints

Physical constraints are
fixed, static

Physical constraints are
flexible, changeable

Sequence of System
Operations

Typically defined and
distributed to controllers,
sometimes strictly sequential

Some are defined by the
instructor, students have
freedom to select sequence
of actions

Designer and
Evaluator Roles

Separate designer and
operator roles

Instructor may take both
roles; possible to have
different people for roles of
designer, instructor, and
evaluator

Evaluator's Expertise

Well trained, skillful operators

Varied training and
experience, some training
undertaken voluntarily,
practice is often on the job

Visible System
Design Model

Visible model often explicitly
provided to the operator

Visible model not necessarily
provided, except in a very
general sense

In process control, well-defined procedures forrapeg the system are typically

distributed to the operators. These procedurabttebe very sequential and exactly

specify which actions need to take place at wiae tio keep the system within the

bounds of stable operation. One consequenceistiinat operators have comparatively
consistent training and methods of operation. Aeptonsequence is that operators are
typically given a representation of the systemhbnotterms of the procedures themselves

as well as interfaces that support procedure foligw In many cases, many different,
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explicit representations of the system are avagldiol example in the form of blueprints
or chemical flow diagrams, that are complete andmehensive relative to their purpose
and scope.

In contrast to process control, education hasdegshasis on fixed physical
elements and on a stable operation state. Thiggliftficult to design procedures that
apply to every situation in education. Also, fotrmaining on planning and formative
evaluation is not typically given to all instructpthough it may be available. Even when
instructors do receive training, the opportunitytactice what they learn is typically
done on the job. Finally, a representation ofdberse may not be provided to the
instructor, and, if a representation is providédyay not accurately reflect that
instructor’s mental model. Instructors often ceesttme explicit representations of some
aspects of their mental model. For example, coadseinistrative material such as a
syllabus can serve to identify course goals, gémnepis covered in the course, and a
schedule of assignments. However, these are ngprehensive course models that
identify every item of content and activity used li@arning. Also, administrative
materials typically do not describe a course a&vallof detail needed for systematic,
thorough planning and formative evaluation.

The many conceptual similarities between processralband formative
evaluation suggest that the cognitive engineeeagriques used to study the former can
be applied to bring insight to the latter. Howevke differences show that traditional
methods used in process control cannot be immégliatel directly applied to evaluation
of learning service systems. With respect to fhejtersen and Rasmussen (1997)

suggested that there is currently no single moddt@mmework in cognitive engineering
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that is adequate to model a learning situatioret@uation.
1.2 Objectives

The objectives of this dissertation are:

1. Develop a work action analysis model that can lpdiegh to represent learning
service systems, such as education;

2. Develop a method for planning evaluation wherepaagentation of the system is
created using work action analysis and is useddtuate the system design;

3. Develop a set of measures for formative evaluatahcan be administered
through a CMS with built-in data collection and bysa capabilities;

4. Develop a method for formative evaluation usingrtiael and measures; and

5. Demonstrate the use of work action analysis bygoerihg planning and
formative evaluations on an undergraduate cournsg mseasures collected from
the CMS.

1.3 Overview of Dissertation

This dissertation describes a new cognitive engingenethod called work
action analysis. This method and its associatediemmombines strengths from work
domain analysis and cognitive task analysis to riedening service systems, such as
education, where both cognitive and environmerdabtraints need to be captured and
key system elements include human actions in aadit physical elements and system
goals.

This dissertation will then specifically focus dretdevelopment of a model and
methods that are suitable for planning and fornea¢ivaluation of undergraduate

engineering courses. This dissertation will alsangine ways to collect measures of
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education through a CMS and to use these measgethéer with a representation of the
course for formative evaluation.

As a demonstration, work action analysis has beed to perform a planning
evaluation of a portion of an undergraduate engingeourse that heavily relies on a
CMS, ISyE 4009, the senior level “Introduction tardan Integrated Systems” course, at
Georgia Tech from the spring, 2003 semester. Tar& action analysis model resulting
from the planning evaluation was used in conjumcwah the measures collected
through the CMS for formative evaluation of the Ksau

The dissertation ends with a broader discussidre cbntribution of this work to
the field of cognitive engineering is examined |udiing the theoretical implications of
models examining both cognitive and environmentalstraints. Benefits and limitations
of applying WAA to evaluating learning service gt are discussed. Finally, future

directions for research are noted.
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CHAPTER 2

BACKGROUND AND LITERATURE REVIEW

2.1 Cognitive Engineering

2.1.1Definition

Cognitive engineering has been defined in a vanétyays. Woods and Roth
define it as “an applied cognitive science thatvdran the knowledge and techniques of
cognitive psychology and related disciplines tovte the foundation for principle-
driven design of person-machine systems” (WoodsoghR1988, p. 415). Vicente has
defined it as “the multidisciplinary area of resgathat is concerned with the analysis,
design, and evaluation of Complex, Sociotechnigat&ns” (Vicente, 1999, p. 5,
capitalization his). These definitions of cogratigngineering share the theme of
designing and evaluating complex systems where haraad technology interact.

This work uses Vicente's definition of complex sdechnical systems to identify
the systems to which cognitive engineering candptied (Vicente, 1999, p. 9).
Vicente’s definition points out that the focus wgaitive engineering is on complex,
sociotechnical systems, where humans and technaltgnact to achieve goals. Also,
cognitive engineering considers the whole systeciuding interactions between
elements, rather than attempting to isolate elesn@md study them individually. Vicente
lists eleven characteristics of complexity in systelarge problem spaces, social,
heterogeneous perspectives, distributed, dynaraggrdous, coupling, automation,
uncertainty, mediated interaction, and disturbanc¢#s notes that a system can be
considered complex if it qualitatively "rate[s] hig on at least some of these

dimensions, and will also usually exhibit sevetalen dimensions of complexity albeit to
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a lesser extent" (Vicente, 1999, p. 17).

These definitions also note why cognitive enginegrs applied to systems: for
design and evaluation. In cognitive engineerihg,dvaluation of a system or proposed
system is often used in designing the system erfaates for humans to control the
system, for creating and testing operating procesjuor establishing training
requirements for personnel, and for monitoring @eniance during operations.
2.1.1.1Focus on Constraints in Cognitive Engineering

Much of cognitive engineering is based on the ieat workers performing a
task operate within constraints, or boundarieg,ghape their behavior. “The basic idea
is that the behavior exhibited by workers over timmgenerated by, or emerges from, a
confluence of behavior-shaping constraints thatigpéhe dimensions that must be
incorporated into a framework for work analysis'igehte, 1999, p.34). A work task can
be modeled by identifying constraints on behawdrich will specify the space in which
workers can operate. This modeling method carsbd tor design of new systems or in
the re-design or evaluation of existing systemséeatify how to constrain behavior for
safety, efficiency, or other factors.

The two categories of constraints that are typjoadinsidered in cognitive
engineering are cognitive constraints and envirantedeonstraints; these constraints are
considered with respect to a single worker (Viceh899). Cognitive constraints
originate internally due to human cognition (Vieent999). Environmental constraints
arise from factors that are external to the work&or example, the physical and social
reality that serve [sic] as the context for workéeshaviors are environmental constraints

because they exist independently of what any orm&evanight think” (Vicente, 1999, p.
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47). Typically, cognitive engineering analysis hets focus on identifying either
cognitive or environmental constraints, but nothbothus, more than one method has
traditionally been used when both types of constsainust be considered in design or
evaluation.

2.1.1.2The Ecological Approach of Cognitive Engineering

Given its recognition of environmental constraimsny methods in cognitive
engineering take an ecological approach to examisystems (Woods & Roth, 1988).
This approach is based on work in ecological pshayo(e.g., Gibson, 1979), which
focuses on studying real world situations in timaituralistic environment rather than
those created in a laboratory. Also, as opposéaetapproach of most of cognitive and
experimental psychology which isolate inherent d¢igmabilities and limitations of
humans, the ecological approach "puts much moréasip on analyzing the interaction
between people and their environment” (Vicente,7190 3).

In the cognitive engineering community, the envinemt is seen as a significant
determinant of behavior. Simon presented an tisin of an ant moving across a beach
to demonstrate the influence of the environmenn(®i, 1981). An ant may follow a
highly irregular path between two points on a beabith seems to follow no logical
pattern. However, if the beach is considered atir@mment in which the ant acts, the
contours and obstacles explain the path that thelerse based on its abilities. “Viewed
as a geometric figure, the ant’s path is irregudamplex, hard to describe. But its
complexity is really a complexity in the surfacetioé beach, not a complexity in the ant”
(Simon, 1981, p. 64). Thus, the external enviromadeconstraints must be part of any

model of behavior in a given task.
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2.1.2Cognitive Engineering Models

The American Heritage Dictionary'{£dition) defines the term model as “a
schematic description of a system, theory, or phesrmn that accounts for its known or
inferred properties and may be used for furthedystf its characteristics” (Pickett,
2000). This definition points out the immediatagen for creating a model: to visualize
or describe something. A more specific reasomfodeling in cognitive engineering is
that it is useful to design or evaluate a system.

Models can be categorized according to their puapssope, level of detail, and
(for models related to cognition) the determindri@havior. A model’s purpose
identifies how that model will be used. For ingt@ana model may be predictive and thus
have the purpose of predicting the output of tretesy to given inputs with some level of
precision and accuracy. Also, a model may havetinpose of being normative, that is
it describes the system, theory, or phenomenonsi®uld be in the ideal case. Given
cognitive engineering’s emphasis on describingnadistic behavior, many of its models
can be descriptive in purpose in that they desaylséem behavior or many of its
phenomena as it actually exists. Likewise, givegnitive engineering’s emphasis on the
usefulness of models in design, Vicente describesin models as formative in purpose,
meaning they "focus on identifying requirementsthidtechnological and organizational
- that need to be satisfied if a device is goingupport work effectively” (Vicente, 1999,
p. 110). The word "system" can be substituteddewrice" in this quote when using
formative models to design systems. It shouldditedhthat a single model and modeling
method must be categorized according to how iséxlun a particular instance as the

same model can be used for different purposes.e¥xample, blueprints for a building
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are formative while it is being constructed, anel @escriptive when it is complete.

The scope of a model identifies the portion ofgiastem that the model intends to
capture. A model may attempt to capture all reld¢@spects of a system, or only certain
portions. There are many ways to distinguish betwaortions of the system. For
example, Rasmussen, Pejtersen, and Schmidt (1g8€redtiate between seven major
aspects of a work system, including the work domispical activities, decision making,
information processing strategies, agent roles,agament/social organization, and the
mental resources, capacity and preferences ofgetss They then identify modeling
methods that can be used to capture each of tkpseta. Beyer and Holzblatt identify a
set of models created during contextual inquiry #tso differentiate specific parts of a
work system: artifact, cultural, flow, physical,casequence models (Beyer & Holzblatt,
1998). There are other dimensions along whiclstiope of a model can be considered,
such as time. Systems may have stages of timegiwtich their behavior and
operation are distinct from other stages, e.grtigiaoperation, changeover, and
shutdown. These categorizations are only exanggesmodel can be devised to cover
any or all of a system.

The level of detail of the system that is capturethe model is another
dimension of categorization. A model can rangdetail from a broad overview of an
aspect of the system, giving general concepts sfl@nd patterns of behavior, down to
specifying each element as precisely as possitie. level of detail may be categorized
regardless of the aspect of the system being studt@ysical objects, actions to perform,
or goals can be described in very broad or vergiipegerms. The level of detail must

be appropriate to the purpose of the model, sottieagjreater the detail required for the
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purpose, the more detail must be included in thdeho

Models of cognitive systems can also be catego@oedrding to the aspect of
the system seen as driving behavior. As notediquely, the cognitive psychology
approach attributes human behavior to internalgy@dilities, and constraints, and
cognitivist models focus on these aspects of tseegy. The ecological approach
attributes human behavior primarily to constraintposed by the environment, and so
ecological models focus on these environmentaladspe

Descriptive and formative cognitive engineering mlsdare intended to be useful
for explaining human behavior when interacting vatlystem due to cognitive
constraints. The validity of descriptive cogniteegineering models is determined by
how much insight they can bring to a system and#tevior of the humans in it. Moray
et al succinctly describe this:

“Another approach to validation is to use the gaherodel to interpret

and describe a number of [situations that may orctire system]. If

effective, the model should provide an effectianguage’ for describing

the operations that are observed under a widetyarfeeonditions. To the

extent that is so, and to the extent that the ebsigpatterns of [human

behavior] are consistent with the descriptions led by the general

model, the analysis can be said to be validatediréiy, Sanderson, &
Vicente, 1992, p. 216).

The validity of formative models is similarly detened by the insight they bring
to the design process.
2.1.2.1Discretion of the Modeler

In creating any model, the modeler is responsitespecifying what is to be
included in the model and what is excluded. Tleisislon must be made partly based on
the general purpose of the model (as defined akawpn the specific use for which it is

intended. The characteristics of scope and leivéétail must be understood in this
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context. For example, when modeling a curriculamindividual course may be
considered a single, indivisible element in theeys however, when modeling an
individual course, the most elemental level of detdl be much smaller. Also, a
curriculum model may include factors such as adstiators, industry review boards,
and available facilities. When modeling an induaticourse, the modeler may decide
that these factors are not pertinent to the amabtshand, but may include other factors
that are not examined by a curriculum model, swchpecific physical actions employed
and lists of all hardcopy and electronic instrucéibmaterials. All of these factors could
be considered when modeling either a curriculura ocourse, and the onus is on the
modeler to determine what is relevant accordinpéopurpose and specific use of the
model.
2.1.3Modeling Methods in Cognitive Engineering

Cognitive engineering modeling methods have beeoessful in bringing insight
to sociotechnical systems in several domains. Safrtfee methods used specifically to
examine process control are reviewed here, focusintpe characteristics of their
associated models.
2.1.3.1Work Domain Analysis

Work domain analysis captures the structures irethéronment where work
takes place, and results in a model representad a&bstraction hierarchy’ (Rasmussen,
1985), also called an ‘abstraction decompositi@atsep(Vicente, 1999). Capturing the
structure in which the human works provides instghthe constraints that shape
behavior (Simon, 1981). In representing the warkndin, an abstraction hierarchy has a

scope of the entire system, attempting to captiirelavant aspects of the system. The

20



level of detail required in an abstraction hiergrehdefined by how it will be used, and
typically must be sufficient for design and evaloatof the system (e.g., Bisantz, Burns,
& Roth, 2002). Work domain analysis follows th@lkegical approach and so focuses on
modeling the physical work domain to reveal thestiints it places on human behavior
in the system. Work domain analysis is identifiydVicente as an examination of
ecological (or environmental) constraints (Vicerit@99).

Work domain analysis decomposes a system alondpigvarchical dimensions.
The parts-whole decomposition divides the systamarhierarchy of progressively
smaller sub-systems. This division is broadly aatlle and helps manage the
complexity of a model of large systems. For exanalmanufacturing process can be
divided from the overall process into sub-systandiyidual machines, sub-assemblies,
etc, allowing a designer to consider the part®lation to the overall system.

The means-end decomposition divides the systenhietarchical levels of
abstraction, making a complete representationeistem at each level. For example,
in systems governed largely by physical constrgsiush as process control), a common
form of the abstraction hierarchy includes sepdeatels for (from lowest level of
abstraction to highest) physical form, physicaldtions, general functions, abstract
functions and functional purpose (Rasmussen, 1R85mussen et al., 1994). The
specific choice of levels of abstraction dependshensystem and the purpose of the
model. An example of an abstraction hierarchyafprocess control system is shown in

Figure 1.
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Figure 1: Abstraction hierarchy of the DURESS micravorld process simulator,
from Bisantz & Vicente, 1994, p. 92

A key part of this model is the hierarchical natafeéhe levels of abstraction, that
is elements at one level are related to elemerd#farent levels through specific types
of relationships, indicating their order in theraiehy. Relations between levels of
abstraction in these models are basetheams-end relations. For any item at one level
of abstraction, the related items at the level idietely below (less abstract) should
identify the means of accomplishing it, and thated items at the level immediately
above (more abstract) should identify the endsvlich it is undertaken. For example,
with the common levels of abstractions describetthénprevious paragraph, the

individual physical parts that comprise the systitermine the physical functions

1 Reprinted from the International Journal of Humas(uter Studies, Vol. 40, No. 1, Bisantz,
A. and Vicente, K., Making the Abstraction HieraydBoncrete, Page 92, 1994, with permission
from Elsevier
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shown above them, from which in turn emerge theegdrfunctions, and so on up to the
highest abstraction of goals.

Work domain analysis specifically usasuctural means-end relations between
elements of the model. Elements connected by tidsedescribe physical objects or
constructs in the environment. “A work domain gsa represents the thing being acted
on...work domains are objects of action” (Vicente999. 162). In describing the work
domain, actions of humans are only implicitly adde in that these actions are assumed
to be responding to and determined by the physmadtraints created by the
environment. As such, it is not considered appab@tto include actions of humans in
this modeling method. “[A] work domain analysismply cannot be conducted with an
action means-ends relation” (Vicente, 1999, p. 1623)us, work domain analysis’
abstraction hierarchy only captures environmerdabtraints in the work and excludes
all cognitive constraints.

Work domain analysis is intended to capture expertslels of work domains
(Rasmussen, 1983; Rasmussen, 1985). An expers ieednsider every level of
abstraction to control the process, especiallynduaibnormal circumstances and
troubleshooting. For example, the expert trouldestr must recognize the system goals
that are not being met, the functions that shoelddntributing to those goals, and the
physical components of the system that are usaddomplish the functions. Thus, the
abstraction hierarchy can serve as both a competesentation of levels of abstraction
of the system and as a representation of the merutdé! of an expert operator.

Knowing the system context in which a task takes@lis key to understanding how that

task is performed, whether for troubleshooting esign. Not every system user is an
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expert, but having a model of expert knowledgegade design of interfaces that
support expert behavior in all users.

Work domain analysis also recognizes that therebeamore than one human role
involved in a work domain. While the differenteslact in the same work domain, they
may interact with and/or have responsibility ovfedent aspects of the work domain.

In this case, the different roles can be displaag®degions of responsibility in the
abstraction hierarchy, where a region overlaidnendomain representation identifies the
aspects of the domain for which one role is resiptmgFigure 2). While the roles may
have different areas of responsibility, they asuased to work within the same work
domain. Note in Figure 2 that the areas of regpditg overlap for the two roles. The
fact that both roles are in the same work domajplias that they would interact to some
degree, and the overlap between their responghkiidicates parts of this work domain
where they would interact. However, the naturthaf interaction, whether one role
influences or is subordinate to another, and tleeifp mechanisms of interaction are not

represented.
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Figure 2 : Abstraction Hierarchy with Roles of Aneshesiologist and Surgeon, taken
from Vicente, 1999, p. 258, originally from Hajdukewicz, 1998 (Used with the
author’s permission)

Descriptions of how to make an abstraction hienarabdel through work
domain analysis can be found in the books of Raserust al (Rasmussen et al., 1994),
and Vicente (Vicente, 1999). Table 2 lists somtéhefdomains where work domain
analysis has been applied, demonstrating its udeidesign and evaluation of systems

in many typically technological domains.
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Table 2: Representative domains where work domainralysis has been applied

Domain Purpose Reference
Aviation Cockpit display design (Nadimian, Griffiths, &
Burns, 2002)
Computer programming Writing software specifications (Leveson, 2000)
Emergency Decision support (Moray et al., 1992)
management center
Higher education Aligning pedagogical methods and (Dainoff et al., 2002)
technology with course content
Library information Computer interface design for (Rasmussen et al., 1994)
retrieval library patrons
Manufacturing process Control system interface design (Bisantz & Vicente, 1994)
control
Medical surgery Structure data for patient (Hajdukiewicz, Doyle,
monitoring Milgram, Vicente, & Burns,
1998)
Military command and Command interface design (Burns, Byrant, & Chalmers,
control 2000)
Military equipment Evaluation of proposed designs (Naikar & Sanderson, 2001)
procurement
Virtual private network Problem solving interface design (Kuo & Burns, 2000)
management

In summary, work domain analysis represents thettre of the environment in
which work takes place, capturing the constraifdsgd on human behavior by the
physical environment. However, this method dodgseramine the internal, cognitive
constraints on the behavior of the humans in tlséegy. Returning to Simon’s
illustration of the ant noted earlier, the enviraris not the only constraint on the ant’s
behavior. The ant has internal rules to follovaigiven situation based on instinct and
experience, and selects which to implement. Waorkain analysis can capture the
environmental constraints, but other methods mestded to identify the internal

cognitive constraints. Work domain analysis atfmntifies roles of agents in a work
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domain and generally what aspects of the domahich the roles interact, but it does
not describe the interactions between agents.
2.1.3.2Control Task Analysis

Where work domain analysis captures the domainhichwvork takes place,
other methods analyze the sequence of actionstogeziform a task. One exemplar is
control task analysis (Vicente, 1999), which cagsuthe decision making and resultant
actions that operate on that work domain. Thidysmamethod does not result in a strict
representation of the precise sequence of acti@isdke place. Except in highly
deterministic work environments, the goals andntiess of individual humans will
cause the sequence to vary around some norm oebetavset of valid possibilities. As
such, this method instead creates representatrmsrkas decision ladders (Rasmussen,
1976) that describe prototypical sequences of mst@md decision making.

Decision ladders grew out of models of informatpracessing following a
typically linear sequence such as Norman’s sewagestof action (Norman, 1986). In
these sequential models, human decision makingeiiah are represented as passing
through a sequence of events, typically beginniit perceiving a need to act in the
environment, transitioning to a decision makingyetto determine a course of action,
and ending with execution of the action. Durirgdistudies, Rasmussen (1976) found
that expert operators do not follow the patterbetiavior described in these sequential
models. Instead, they opportunistically take shag between elements of the sequence,
skipping some sections and even moving backwaaditfir the sequence as afforded by
their expertise with the system. This led Rasnmusselevelop the decision ladder,

which includes not only stages of perception aribadrom sequential information
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processing models, but also shunts and shortcugsenthe operator can jump between
stages in a non-linear fashion. An example detikidder from the domain of process
control can be found in Vicente, 1999, p. 198.tis type of model focuses on
capturing the information processing that goes tatask performance, by definition it
only examines cognitive constraints.

Control task analysis is not intended to desctilgestructure of the work domain,
rather it captures typical actions that take plag&kso, decision ladders do not represent
the different levels of abstraction of a systentheg they focus on actions to be
performed related to information processing withgludtwing how these relate to physical
objects or ultimate goals. Work domain analysid decision ladders should be seen as
complimentary examinations of different aspectthefsystem (Burns & Vicente, 2001).
Decision ladders have been applied to various dasriacluding hospital operations
(Rasmussen et al., 1994), library information estal (Vicente, 1999), and process
control (Rasmussen et al., 1994; Vicente, 199%irther information on how to perform
a control task analysis can be found in (Viceng99).

Models such as decision ladders may not be apdi¢alsituations like
education. Bainbridge applies the same criticismdcision ladder models as to
sequential models of information processing in gaine'Sequential models have
difficulty with describing cognitive behavior in swlex, dynamic environments, because
this behavior does not occur in a set sequencahifBdge, 1997, p. 357). Ina
constantly changing, complex environment, the humast be flexible and adapt their
order and type of behavior to the current perceaaalitions and predictions of

upcoming conditions (Bainbridge, 1997). In edumatwhere each student and instructor
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is uniqgue and each classroom has a unigue dyndstgsion ladders are not adequate to
capture the full range of flexible, adaptive hunbaavior that is likely. Likewise,
cognitive engineering representations of behavawelfocused on specific activities such
as monitoring and decision making; learning andheg® activities are not represented in
the decision ladder.

Another aspect of decision ladders that makes thappropriate for education is
that they do not distinguish carefully between sas¢ agents. While it is recognized that
different cognitive agents may perform the différactions in the model, the actions are
not distinguished according to which agent perfotinesn. “...control task analysis
describes only what needs to be done, not how of Wicente, 1999, p. 183). In
evaluating education, it is necessary to distinfgthe instructor and the student.

In summary, the scope of control task analysis splag human’s action
sequences. The level of detail captured withig $leope in a decision ladder is higher
than that of the abstraction hierarchy as it exasiindividual actions and their sequence.
In terms of the determinant of behavior, contrgktanalysis is more focused on the
requirements for task completion rather than thérenmental constraints.
2.1.3.3Hierarchical Task Analysis

Hierarchical task analysis is one method that fatider the general category of
cognitive task analysis, and has been referred thea"best known task analysis
technique” (Kirwan & Ainsworth, 1992, p. 396). Cutive task analysis is an umbrella
term for many different techniques that extendditranal task analysis techniques to
yield information about the knowledge, thought gsses and goal structures that

underlie observable task performance” (Schraagah,&000, p. 1). This focus shows
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that the focus is on cognitive constraints. Anrgiev and review of cognitive task
analysis is available in the report by Schraageal. ¢6chraagen et al., 2000).

The focus of hierarchical task analysis is simitathat of control task analysis,
identifying the actions that are a part of a taskhierarchical task analysis, the actions
to be performed are decomposed in a hierarchislida from higher, very general
actions to lower, very detailed actions (Sheph®®9). For example, the high level
goal action "maintain the process" may be relabeskiveral elements at a lower level,
including "monitor gauges," "adjust machine sesifi@nd "record historical data.”
Several publications review methods for performang representing hierarchical task
analysis (e.g., Kirwan & Ainsworth, 1992 and Sheph&989). It has been applied to
numerous domains, including process control (®dler & Vicente, 2001). An

example application to process control is seengare 4.
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Figure 4 : Top level hierarchical task analysis othe DURESS Il microworld process
simulator, taken from (Miller & Vicente, 2001, p. 339) (Used with permission)

Like decision ladders, hierarchical task analysislets suffer from their
sequential nature which prevents them from adetuedturing human behavior in a
complex, dynamic task (Bainbridge, 1997). Hieraahtask analysis models are
typically normative in that they represent proceduhat are to be followed, as opposed
to models based on work domain analysis and cegritisk analysis that can be used for
descriptive and formative purposes. Thus, hiefaathask analysis is best applied to
tasks where there are few opportunities for chbateveen actions. Hierarchical task
analysis can produce very detailed representalienause they are not limited to specific
structures like decision ladders, so they can pi®very general to very specific

descriptions of actions and their sequences.
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Unlike control task analysis, these actions arer@ptesented explicitly in a
model of the system or the environmental conssaarty relationship to the environment
is only found, if provided at all, in the descraotiof the action. In addition, as
commonly represented in procedures, they tenddmere observable physical actions
instead of internal, cognitive activities. Thusg representation’s scope is limited to
physical actions and their immediate goals.
2.1.3.4Comparison of Modeling Methods

Characteristics of each of these modeling methoels@ammarized in Table 3. It
should be noted that there are no methods in degrehgineering that examine both
cognitive and environmental constraints and, cpoadingly, both the environment of
work and the actions of agents in that environméso, only work domain analysis
distinguishes between roles, but assumes thabtbe operate on the same work

environment and does not describe how the rolesdat.
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Table 3: Comparison of Analysis Methods

Work Domain Control Task Hierarchical Task
Analysis Analysis Analysis
Constraints Environmental Cognitive Cognitive
Examined
Scope of Environment Actions and their Actions and their
Analysis where work takes sequence sequence
place at different
levels of
abstraction
Examines No Yes Yes
Actions of
Agents
Represents No Partially — recognizes Yes - typically
tasks shortcuts taken in
sequentially procedures, but focus
is on the typical
sequence
Examines Identifies roles, but No — does not No — typically focuses
multiple agent only in same work distinguish between on a single role
roles environment and roles
without describing
interactions
between them

2.1.4Application of Cognitive Engineering Methods

Cognitive engineering methods have been proposeé@iaployed in a variety of
ways for the design and evaluation of systems. félh@wving are some examples of their
application.
2.1.4.1Ecological Interface Design

A major benefit of cognitive engineering has béendevelopment and
application of ecological interface design (EID)¢dhte & Rasmussen, 1992), a method
which uses work domain analysis to design inteddoe controlling processes. In EID,
a representation of the system is made through donkain analysis; this representation

is then developed into an interface for the udédeasures of the system’s performance
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are integrated into the interface so they are ptesan the context of the model.
Interfaces created with EID are capable of desugitihe system at different levels of
abstraction so the operator can shift fluidly betwéhese levels when monitoring and
troubleshooting the system (Burns, 2000).

An early study using EID compared performance bfestts on a fault diagnosis
task in a process control microworld simulatiorheTesults showed that subjects who
used an interface designed to represent the physidaunctional levels of the
abstraction hierarchy performed better than thdse wsed an interface designed only
from physical aspects of the system (Vicente & Rassan, 1992). This implies that the
added representation of the functional level asditite fault diagnosis task. A separate
study confirmed this result, finding that perforrmaron trials with faults was better using
the interface with physical and functional informatthan an interface only using
physical information (Vicente et al., 1995). Thkisdy also found that subjects who had
the most effective diagnosis performance typicsiyrted troubleshooting at the highest
levels of abstraction and moved toward the lowésstudy by Janzen and Vicente found
that when all subjects were given an ecologica&rfate, those that used the functional
information more frequently and efficiently had teefperformance on diagnosing faults
than those who did not, again suggesting the adgantf this representation (Janzen &
Vicente, 1998). A review by Vicente of studiesngsEID found that these interfaces are
associated with improved performance when diaggosialts, but show no statistical
difference in performance during normal operatidicénte, 2002).

There are two conceptual advantages to using EiD {f@erefore work domain

analysis) in the design of interfaces. First,dbhstraction hierarchy provides a
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comprehensive representation of the system ad\als of abstraction, thus identifying
the elements of the system that an expert openatxis to know. These elements must
be included in the interface to support operatespgecially during abnormal operation.
Second, the formal process of work domain anabmstourages the modeler to create an
explicit, complete, and detailed representatiothefsystem. During this process, the
modeler's own internal mental model may be chaédrand improved.

A review of EID and the various domains where & baen successfully applied
can be found in (Vicente, 2002).
2.1.4.2Curriculum Design and Evaluation

Another application of cognitive engineering, whitks been mentioned
previously, is the design of curricula for workaaihing and for higher education.

Lintern and Naikar (1998) describe how work donmamalysis and an analysis of action
using decision ladders can be used to identifytréiaing needs for a task by representing
the important aspects of the environment and tbtotypical action sequences. The
identified training needs can then be used to gdeelopment of a training system. For
example, Naikar and Sanderson (1999) have usedaamiain analysis to describe the
work domain of operating a military fighter airdradnd then used this description to
create functional specifications for a trainingteys.

In higher education, Dainoff et al. (2002) desatilaecurriculum in psychology
with the abstraction hierarchy for the ultimatepgmse of evaluation based on the model.
Dainoff et al. see the work domain as the coursgert to be taught, so that the content
is decomposed from a high level concept to padicfunctioning of that concept down

to individual, real-world observations of the copiceAs in the training applications
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above, work domain analysis is used to representuiriculum to be taught or trained,
but not the system of education. Dainoff et adloakpresent the pedagogical methods
used as an aspect of the work environment in argpabstraction hierarchy. This
separates the content from the methods used tb teaather than relating the content
with methods and actions and relating both to trexall goals of the system. While this
addresses part of the educational system, it is igomprehensive representation of
teaching and learning processes.
2.2 Education

2.2.1Definition

Merriam-Webster’s Online dictionary definitions f@ducate” include “to
develop mentally, morally, or aesthetically espiciay instruction;” and “to train by
formal instruction and supervised practice esplciala skill, trade, or profession”
(Merriam-Webster, 2004). Education is definedthg ‘action or process of educating.”
Two major roles emerge from these definitions:ghmlent and the instructor. In
education there is necessarily at least one pevbose primary function is learning (the
student) and at least one person whose primaryifumis teaching, training, supervising,
or instructing (the instructor). As both roles described as integral to education, an
effective education system comes from both effectdaching and effective learning, and
research must examine both to improve the wholesysf education. This is reflected
in the structure of the recent National ResearalnCibreport on learning where one
major section of the report is dedicated to stuslantl learning and another is dedicated
to instructors and teaching (Bransford, Brown, &King, 2000). This does not preclude

other roles in education such as teaching asssstadininistrators, librarians, etc.
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Brown observes that one of the significant charattes of education is that it is
a complex and highly interrelated domain, wherenieg takes place through a variety of
activities that build on each other (Brown, 1992Jthough elements in education are
often examined and applied as though they werepenigent, they should be treated as
interacting parts of a system:

“Classroom life is synergistic: Aspects of it tlaae often treated

independently ... actually form part of a systemicoleh Just as it is

impossible to change one aspect of the system utitreating

perturbations in others, so too it is difficultdtudy any one aspect
independently of the whole operating system.” (Bip992, p. 179-180).

Thus, approaches to education and educationalredsgaust take a system perspective,
examining both individual elements of the system bow they interact. This is also
recognized by the Center for the Advancement obfekhip on Engineering Education
(a part of the National Academy of Engineering)jclitis concerned with research on
“how curricula, instructional materials, and teaxchpractices interact to affect learning”
(CASEE, 2004). This type of research requiresséesys focus.
2.2.2Education and Action

Another aspect of these definitions of educatiaésimplication that action is a
central aspect of education. Education is defaethe act of educating, and educating,
according to the definitions, involves the actiohslevelopment (by the student) and
training (by the instructor). The centrality oftiaa to education is further supported by
the nature of Bloom’s taxonomy of educational otiyes (Bloom, Engelhart, Furst, Hill,
& Krathwohl, 1956), which is based on the type ci@ns students should be able to
perform. Even in one of the educational situatwhgre students may be passive, a
traditional lecture, the instructor is engagingha activity of lecturing, and students

must attend to the lecture for any learning to falleee.
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There are two types of action that are importamdoacation: cognitive and
physical. Cognitive activities are the activitteat take place in the arena of the
brain/mind. These are engaged in as part of tagamd learning and typically cannot be
directly measured. Again, referring to Bloom’sdarmy (Bloom et al., 1956), which is
explicitly described as being designed for the fdbge domain,” each category
describes a type of cognitive activity characterist a category of objective. For
example, Knowledge objectives are described as hasip[ing] most the psychological
processes of remembering” (Bloom et al., 195608)2 The definition of cognitive
activity used here is purposefully broad sinceeka&ct nature and scope of cognitive
activities may vary between WAA models based orsttage of the particular system
they examine and the purpose of the analysis Hbt possible to develop a
comprehensive list of cognitive activities sincenasv pedagogies and theories of
cognition develop, new cognitive activities thadtegglace during learning will be
identified. Physical actions are the manual taskdents and instructors engage in and
are typically directly observable.

In education, students are assigned physical actiorhat they will engage in the
desired cognitive activities. For example, a stii@d@annot learn a fact without first at
least reading or hearing that fact once. Physictibns are necessarily associated with
cognitive activities, though any of several setplofsical actions may correspond to a
cognitive activity. Examples of cognitive actieii and associated physical actions are

given in Table 4.
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Table 4: Example Cognitive Activities with Associaéd Physical Actions

Cognitive Activity Physical Action
L Take notes during lecture, read and rehearse notes, read
Memorization
textbook
Feedback Work assigned problems, examine corrected work

Attend lecture, work example problems, search for similar

Pattern Recognition : : .
instances in assigned problems

Apply Concepts to Analyze Review course material, identify designs for analysis,
Designs document work

This distinction and connection between cognitiggvities and physical action is
seen in many educational approaches. One modelgmition that has been used to
build tutoring systems is ACT-R (Anderson & Lebiet898). The ACT family of
models view humans as having a set of productitasrwhich are essentially cognitive
transformations of ideas. Students learn thesgugtmn rules through physical practice
on exercises that require using them, and a nuoflietoring systems have been built
based on this theory (Anderson, Corbett, Koedingd?elletier, 1995). Likewise, the
constructionist approach to education (Papert, 1B8blves students constructing their
own knowledge (a cognitive activity) through buildia meaningful, often physical,
artifact (requiring physical action) (Harel & Pap€er990).
2.2.3Evaluation

Evaluation is necessary for any system to ensusanieeting or has met its stated
goals. “Evaluation in the context of educationatems is briefly defined as examining

the effectiveness of an educational system (or corapt of that system) in meeting
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learning and teaching goals” (Nickles et al., 200@j)ithout evaluation it is impossible to
judge how well a system is performing or how to makprovements to it.

In education, evaluation activities may be perfairbg the instructor, by a
trained evaluator, or by the two working in conjtioc. Each person has advantages
when performing an evaluation. The instructor ¢gfly has a better knowledge of how
the course works and what needs to be taught, autnot be skilled in evaluation
technigues. The trained evaluator may not knowctment of the course, but will have
skill in evaluation techniques and take a more aetmgnsive look at the system due to
this training. It should also be noted that theegy also be a course designer role,
separate from the evaluator and instructor. Tdis may or may not carry out planning
evaluation activities. While in many cases alethroles are held by the same person, the
roles of instructor and evaluator will be distinglued in this dissertation. For the
purposes of this dissertation, it is assumed tiatristructor designs and teaches the
course and that the evaluator performs all evalnattivities for the course, including
planning, formative, and summative. The exceptiothis is when instructors are
specifically spoken of as also having the rolehaf évaluator.

One consideration in evaluation is alignment. Gbiecept of alignment involves
determining if the content, teaching methods, asssment methods are appropriate or
not in light of the educational goals (based ongBjgl996). This concern with alignment
has also been expressed as taking a systems pgemmecan education program; that is,
examining how the various parts of the system suppe goals (Brown & Campione,
1996). The concept of alignment in evaluation fsout that taking measurements alone

is not sufficient for truly examining the effectivess of a system; rather, evaluation must
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be done in light of the structure of the systentsoAalignment in a system design does
not mean the system is guaranteed to succeed atethents of the system can be carried
out poorly. Alignment only implies that if the idified means to achieve the goals are
successful, the goals should be met.

Several different types of education evaluation lwaperformed, defined by their
purpose and the point in the system'’s life cyclevimich they are madePlanning
evaluation is performed during curriculum and course desifirhe purpose of a
Planning Evaluation is to assess understandingpobjact’s goals, objectives, strategies,
and timelines” (Stevens et al., 1993, p. 4). Thigartly to validate the system against
known educational theory and best practices, andldlalso examine how well the goals
are aligned with the strategies (see Bransfordl ,e2@00, p.151-152). Preferably,
planning evaluation will examine the entire systegfore it is implemented. As noted
above, determining how well the design of an edanat system is aligned is one key
activity of planning evaluation. When it is perfoed for a single course, typically the
instructor performs the planning evaluation. T of evaluation is not widespread in
practice (Flagg, 1990; Stevens et al., 1993), amelnwt is performed it may be included
with formative evaluation (which will be discusdaeelow).

Summative evaluation occurs at the completion of units of instructiery.,
through student surveys and a final exam at theoéadccourse and exit surveys and
interviews at the end of a degree program. Sunveatraluation provides a high-level
assessment of the efficacy of the system undey gttevens et al., 1993). Many
measurements used in engineering education camdmted! for use in summative

evaluation, most notably end of course surveyswtsed to examine a single course.
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The purposes of summative evaluation are to judgetfectiveness of the system in
meeting pre-set goals and, in some cases, to datemmether or not to continue the
system in the future. A summative evaluation ismexessarily comprehensive, and may
focus on selected aspects of a course such asis@ET criteria. The course
instructor may or may not be involved in this eaion.

In addition to examining the design of the systa&folehand and its effectiveness
afterward, the educational system can be evaliweétis in progress to determine what
improvements can be made. Continuous improvenegpiines instructors to adapt their
instruction through several mechanisms, such asggsain presentation of material,
changes in instructional methods and pedagogy,gasaim course administration, and
changes in their methods of grading student assgtsn This third type of evaluation is
commonly calledormative evaluation, where instructors are able to make an informed
interpretation about the efficacy of their instiantin time to benefit their current
students (Walker, 1997). While formative evaluatiere is defined to take place during
the use of the system, others have defined itdlaide planning evaluation as well
(Flagg, 1990). Alignment must also be a part ofrfative evaluation in that the activities
cannot simply be assessed in isolation, but indbgatbw well they help students learn
course related information in ways that supportcinerse goals (Bransford et al., 2000).

Formative evaluation can take different forms.trimsors regularly perform
informal, opportunistic formative evaluation baseddata sources such as apparent
student attentiveness in lecture and the natutieeofjuestions asked by students.
Instructors also assess student learning througjgrasents such as homework and tests

throughout the course and use this for formativawation. Formative evaluation can
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also bring in outside evaluators to videotape tutecand critique it or interview focus
groups of students.

In relation to the quality of formative evaluatiorethods, Smith (Smith, 2001)
observes that there is relatively little reseanchnoproving methods for formative
evaluation, and work needs to be done to exammetffiectiveness of such methods.
2.2.4Evaluation in Engineering Education

A survey was conducted in 2000 to examine currealuation practices among
engineering instructors (Nickles et al., 2001).e Tollowing is a summary of the results
of this survey. Due to a variety of uses of threntevaluation and assessment amongst
the surveyed population, the term “critique” waedig this survey to describe
evaluation activities and will be used here in réipg on this survey.
2.2.4.1Number of Responses and Demographics

Analysis was conducted on 219 responses to thegur total of 230 responses
were collected, with 11 removed from the data sehay identified themselves as not
being an instructor in an engineering or scienekel fi Of the respondents who provided
demographic information, 109 are full professofisabe associate professors, 33 are
assistant professors, and 25 hold other academks ra¥ears of teaching experience
range from one to 50 with a mean of 18.3. Pergentd time dedicated to instruction
ranges from 5% to 100% (two responders answertddwalues over 100%) with a mean
of 47.2%. The average number of students per chagges from 5 to 250 with a mean of
39.0. Of all responses, 56.4% reported being almewf a committee or organization
focused on improving education. Responses wemvedt from a wide variety of

engineering and science disciplines and institgtiorthe United States. Two responses
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came from institutions outside the United Stat@se to a technical error, no data
regarding the number of courses taught per tertaerare status were recorded.
2.2.4.2General Course Evaluation

The number of times a course is critiqued durisghgle semester ranged from
zero to more than three and averaged 1.77 tin@sly 2% of the respondents stated they
performed no critiquing during the term. The melhased to critique courses and their
frequency of use are shown in Figure 5. (Multgdections were possible.) The vast
majority use the evaluation survey provided byitts#itution, while self-generated tools
are used much less frequently. Only 4.5% of icstms use evaluation by an outsider,
even though many institutions have an evaluationereoffering this service. Also, no
method besides the institute-provided survey was iy more than half of the
respondents. Thus, one sees an under-utilizedioo fossibly a lack of awareness) of

the evaluation methods and measures availablestaiators.

Surveys Provided by School |
88.6%

Informal Questions | 44.3%

Self-Generated Surveys 38.8%

Compare Grades with Past Terms | 20.5%

Evaluation by an Outsider D 4.6%

0% 20% 40% 60% 80%  100%

Percentage of Responses

Figure 5 : Critiquing methods used
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Respondents reported that 96.8% of them have nfadeges to a course based on
critique results. The changes made to coursesllmasa critique are shown in Figure 6;
due to a technical error, no data was collectedroigg changes to exams. These results
are encouraging as they suggest that many insteuate completing the cycle from
measurement to analysis to change, and therebg asaluation as a mechanism to
improve instruction. This question did not speeifiyether changes were made to the

current course or future courses.

Changed Lecture Content H 70,3%

Changed Assignments _ 69.9%
Changed Lecture Format _ 60.3%
Changed Class Notes / Textbook _ 57.5%

Changed Supplemental Reading F 30/6%

0% 20% 40% 60% 80% 100%
Percentage of Responses

Figure 6 : Changes made based on a critique
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Not Enough Time |49. 3%

Difficult to Get Feedback From

0
Students | 35.6%

No Effective Tools Available | 26.0%

Results Aren't Helpful 14.6%

Survey Results Are Biased | 10.5%

0% 20% 40% 60% 80% 100%

Percentage of Responses
Figure 7 : Factors that hinder critiquing

Factors that instructors reported as hinderinggaiihg are shown in Figure 7.
Each of these factors presents a separate challdrgefirst is providing a mechanism
that takes little time on the instructors’ paratdminister, their greatest concern.
Difficulty in getting feedback and biased results eelated and may stem from several
perceptions: that students find evaluative acésitoo time-consuming; that students will
not participate to compliment but rather to compl@roviding a one-sided view; and
that students’ comments are inherently biased atieeir specific viewpoint. The
respondents who indicated a lack of effective eatém tools may either not be aware of
tools or have specialized needs. The problemsneghlts not being helpful may stem
from a lack of evaluation skill, from evaluatiorots that do not provide adequate
explanation, or from results that highlight probeaver suggesting improvements.

Related free-response comments reflected a widetyanf opinions. Some
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suggested that instructors may perform evaluatisrne trial-and-error process. For
example, one respondent noted *“l have made ckangeverything, but it has not been
scientific. It has just been by ‘feel.” Three pemdents believed they did not know
enough about evaluation to conduct one. Alsogtihespondents indicated a desire to
reduce the work required of the students by evialeactivities.
2.2.4.3Evaluation of Internet Course Materials

Of all respondents, 74.0% reported using some agpdiee Internet in their

classes. Complete results of the use of the Intémredurses are detailed in Figure 8.
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Materials Posted on Internet

Student
Assessment

Tools Used

N

/"

Post Syllabus

Post Assignments

Post Calendar

Post Solutions

Post Links to Helpful Sites

Post Previous Exams / Assignments
Feedback Mechanism to Instructor
Post Supplemental Readings

Post Primary Readings

Bulletin Board / Chat Room

Post Interactive Demos / Examples
Post Student Grades

Assignments Turned In Over Internet
Exams Taken Over Internet

Textbook Software
WebCT

Real Audio / Video
Quicktime

AVI

Flash

SMIL

0%

14.8%
9.9%
9.9%
6.8%
2.5%
0.6%

24.1%

29.0%

80.2%

8.3%

74% of Respondents
Use The Internet In
Their Classes

20%

40%

60% 80%

Percentage of Responses From Internet Users

Figure 8 : Use of the Internet in instruction
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|
Self-Generated Surveys | 47.8%

Server Statistics | 25.4%

Track User Paths [III 14.9% | A41:4% of Respondents

Using the Internet Have

. . | Critiqued Their Electronic
Evaluation by an Outsider 220 10/4% Material

\ \ \
0% 20% 40% 60% 80% 100%

Percentage of Responses

Figure 9 : Evaluation tools used with electronic edicational material

Track User Paths | | 40.7%
Immediate Evaluation Feedback | 1138.3%
Announce to Students of Changes | 35.8%
Patterns in Grades 32.7%
Periodic Question of Students 29.6%

0% 20% 40% 60% 80% 100%

Percentage of Responses from Internet Users

Figure 10 : Evaluation tools desired for electronie@ducational material
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In regards to evaluation, 41.4% of respondents uggthe Internet said they
have evaluated their electronic educational mdte@ame respondent commented “surely
everyone ‘critiques’ their attempts to use thernmée [sic], as well as everything else.” In
fact, less than half reported doing so, a substhatop from the percentage of instructors
who report evaluating their normal classroom ingtan. The tools used for evaluation
of electronic material are shown in Figure 9. €kaluation tools desired by all
respondents who use the Internet in their counsestown in Figure 10.
2.2.4.4Reasons Reported For Not Using the Internet

The reasons why some respondents reported not tigrgternet in instruction
are shown in Figure 11. Some of the reasons anpatively mundane, including
time-constraints and technical resources. Ovettine of the respondents also

indicated doubts about pedagogical benefits tounson through Internet usage.

\
Time Constraints 59.6%
Would Not Improve Instruction | 38.6%
l 26% Reported Not Using
Lack of Technical Resources |35 1% The Internet in
Instruction
Not Satisfied with Available Tools | 26.3%
0% 20% 40% 60% 80% 100%

Percentage of Responses From Non-Internet Users

Figure 11 : Reasons for not using the Internet
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2.2.5Measures of Education

Building on distinctions used in measures of huméegrated systems (Gawron,
2000), measures of education can be categorizeaig of three groups based on the
aspect of education they are intended to measartarmance, process, and perception.
For example, a distinction has been made betwedorpence and process measures in
describing how to measure aspects of human visspection; whether by how well the
inspector performed (e.g., number of defects detgair by how the inspector carried out
the process (e.g., measuring eye movements durapgction) (Megaw & Richardson,
1979; Nickles, Melloy, & Gramopadhye, 2003). Alsmgasures of a student’s perception
of their learning experience are very common incational research (Gay & Airasian,
2000). These three categories are described ategrdetail below along with
descriptions of how these measures may be colléstedCMS.
2.2.5.1Performance Measures

Performance measures in education are definedalseaissessments of student
learning. Most university courses have assessnetii® form of homework, quizzes,
tests, projects, and/or other graded assignmdititese will be referred to as assignments,
though it is here acknowledged that they are a tf@ssessment. Besides these, non-
graded assessments can be used for formative &éwvalsach as the classroom
assessment techniques provided by Angelo and Choggelo & Cross, 1993).
Assessments are a natural component of normaleigin. However, performance
measures can be more an indication of student ataiivthan of the quality of
instruction; for example, students may work hardwercome poor instruction in order

achieve a desired grade, thus masking insight girdloese measures alone. Comparing
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grades between instructors can also be difficaltha types of assignments and grading
mechanisms may vary widely. Finally, unless imegissignments are given,
assignments often only provide data at the commtusf instruction on specific concepts,
reducing the extent to which remedial interventioas be given following poor
performance. These problems can be mitigated sbiatdyy administering assessments
immediately after lecture and lab, by completingliae reading or demonstrations, and
by using electronic, in class tools (Brophy, NarNschols, & Jansen, 2003). However,
in keeping with Brown's system view of educatiomagiBn, 1992), student reading,
reflection on material, and experience in applyéngcepts can be important components
of learning, reducing the extent to which immediguiezzes predict final student
performance.

Administering a performance measurement can he@d¢bnsuming process as
the evaluator must create the assessment, digtrémat collect student responses, and
score and analyze the results. Internet-based tbat allow evaluators to distribute and,
depending on the design of the assessment, autathagcore an assessment
significantly reduce this administrative burden.némber of these exist, either as part of
an existing CMS such as in WebCT or Blackboardii@ann, 2001) or as a standalone
component such as WebAssign (Brawner, 2000). Hawet web-based assessments,
students are required to visit the web page foatsessment or, in the case of a CMS,
the system can initiate a pop-up browser windowaiaing the assessment based on
criteria such as time limits or events during thalent interaction with the system.
These performance assessments can be graded amsigrmmanonymous non-graded

assessments.
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2.2.5.2Perception Measures

Perception measures capture student opinions #beiutearning and can be
acquired through several means including focusgg@und surveys. These measures
may examine the information channel through whicidents learn, the utility of
educational materials, and students' perceptiotisenf achievement of the content.
Anonymous surveys have a significant advantagbkanthey allow students to express
honest opinions without their responses impactiegiistructor's perception of them.
Surveys can be administered at any time duringuasecand can address questions at
various levels of granularity. That is, surveya examine the students' opinions of how
well the course goals are achieved overall and tmowh an individual intervention
helped them learn a single concept.

While perception measures do not directly measaming, they can provide
insight into what students find difficult and theenal processes they are using to learn.
However, students often have a limited viewpoird apecific goal set, reflected as
biases in their perception measures (e.g. complaimbut workload can create a halo
effect in their comments on the quality of instran) and as limitations on their ability to
perceive how much they actually understand thessoooncepts (e.g. students may not
be aware of what they do not yet know, or they mepgnize that they are not yet
professionally competent without awareness that #ne meeting the goals for a course).
Even so, many studies have shown student evalgatogenerally be reliable and valid
assessments of teaching, especially as part of atirarevaluations (Felder, 1992).

As with assessments, web-based tools can reduevdhgator's time spent

administering surveys. Surveys can use the saohettoat are available for assessments
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and can be delivered anonymously with quick-to-cletep frequent requests for
responses suitable for formative evaluation. Suoreestions with a rating scale can be
automatically scored; free responses from studentd) as requests for suggestions, can
be reported verbatim to the evaluator.

2.2.5.3Process Measures

Process measures can be collected about the tgygetugation of student
learning activities. These measures capture dederidbing physically observable actions
and are often very detailed in the type and amofidata collected. Evaluators often
have expectations for what activities students khengage in, and how they should
engage in them so that they will learn. As suclanalyzing these measures a
relationship is usually assumed between perforrthegspecified actions and learning the
content. Process measures can determine the agafrthese assumptions and whether
they are being met.

The relationship between performance and processumes is not consistent. In
considering this relationship, the ecological apptoof cognitive engineering
emphasizes the necessity of considering the cqntextthe structure of the environment
and goals of the system. The context of the sysemvary between courses, students,
instructors, and institutions. For example, stadierrelating electronic logs of
interaction with software with performance measura@ge shown somewhat mixed
results. In some cases, the log data are usefuknticting student learning. In one
study, an educational website that teaches chilgr@nogram collected a log of student
interactions with the software (Bruckman, JensemeBonte, 2002). The log recorded

the activity of students and indicated the amodiinoe spent on task. It was found that
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time on task in programming, as determined frominkeraction log, is significantly
positively correlated with programming performangaother study showed that
university students who actively used an onlinegtiwol before exams had higher
scores on the exams than those who did not ugeahéGrabe & Sigler, 2002). An
exploratory study that examined various factors teald impact on-line learning found
a strong correlation between the total number tsfdm the course website from
individual students and their average grade focthese (Comunale, Sexton, & Voss,
2001-2002). In this study, students were only &bleccess certain information through
the Web-based module and their use was timed bgia function. A controlled study
of student interaction with a Web-based learningloh® showed that time on task was a
strong predictor of student learning (Taraban, Rysen, & Stalcup, 2001).

However, not all studies are so clear in linkingd®f activity and performance.
In the study by Comunale, et al. noted above, eessipn analysis included total number
of hits within the website as the main explanatasiable for the average grade for one
course; however, individuals' GPA information wasking for this course and was the
major factor in a regression analysis of anothersmthat was studied. One study
examined both data across the whole course andedithe data for the course into three
time periods corresponding to the three exams (NtglNHalama, Dauzvardis, &
Espiritu, 2000). When examining data for the Webulm section of the website in
aggregate, it was found that among the 1/3 of indemts with the highest grades, there
was a positive correlation between number of vasitd final grade in the course, while
no such correlation was found in the 1/3 of thelstus with the lowest grades.

However, when the average length of each visit nwedine website during each of the
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three time periods was compared to grades on tlespmnding exams, there was a
strong negative correlation for the first exam andoderate negative correlation for the
second. In other words, students with longer vighded to have lower grades on the
first two exams. While this appears to contrathettypical time on task assumption, it
may indicate that the system was poorly designddairusing the system is not the
essential learning activity. Instead, the systeay provide information necessary for the
more important learning activity that takes plaffdioe.

Historically, these measures could be difficulttdlect, as they often required
students to self-report their course-related aaiwi(e.g., time cards), which added both a
level of subjectivity and a data collection andrgfiturden on the evaluator. For
example, an ethnographic study on communicati@tudent teams required the
investigator to attend classes and group meetinigpstiae team and to request records of
all messages passed between team members (Tug&3, 19

When some or all aspects of a course are admiadstara CMS (e.g.,
distribution of instructional material, assignmant collection of student assignments,
and recording and releasing grades to studentslests’ access to these aspects of the
course could be measured in detail, and colleatddaaalyzed automatically through
web server logs. These logs capture all studemtsado files and, when coupled with a
login system, could track the behavior of indivitlsidents. If the context in which
these actions are made is represented in a modeérg behavior could be interpreted in
light of that representation. For example, thangrof student access to learning
material relative to lectures and homework assigrismeould provide insight into student

preparation before lecture and the time spent sigaments.
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A significant advantage of a tool that analyzes wetver logs is that data
collection and analysis can be done automaticedyliring no effort from students
besides their normal use of the web site, and rieguno effort from the evaluator other
than examining the results. Data from web semgs have been used in various ways.
Commercial websites have used them in conjunctitim @emographic data to examine
patterns of interaction by different groups of gg@ticholas, Huntington, Lievesley, &
Wasti, 2000). Web server logs have also been tagsedamine patterns of user
navigation through a website to evaluate the ualoi those sites, especially with
respect to site navigation (Paliouras, Papatheaxldtarkaletsis, Spyropoulos, &
Tzitziras, 1999; Randolph, Murphy, & Ruch, 200®yhile data from server logs is
useful in its own right, some have suggested thi¢yuaf coupling them with other forms
of data (Hochheiser & Shneiderman, 1999; Ingrarf912000). Ingram suggests using
the logs in conjunction with surveys and assesssriteréxamine the effectiveness of the
site for learning. He also suggests using int&vgiag conjunction with the data to
support usability studies. Further, he suggestsdérver logs can serve as a means of
confirming usability studies in that the resultsaafisability study of an existing design
can be compared to use by the whole current papualaf users via the server logs.
Both Ingram and Hochheiser and Shneiderman notertheket research can also be used
for commercial sites, examining customer pattefnsawigation that lead to sales. Both
sets of authors also note that the goals of tikensitst be considered when analyzing
server log data. While a number of general softwanés exist to present statistics on
web server logs, there are no tools that analyzesgever logs for educational evaluation

purposes, and correspondingly no tools that integreocess measures from web server
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logs with performance measures suitable for congreive formative evaluation.
2.2.5.4Measurement Validity

The validity of a measurement is an important ad&sition when using it in any
evaluation. Tronchim has defined high validitygeneral as "[t]he best available
approximation of the truth of a given propositiorference, or conclusion” (Trochim,
2001, p. 353). Validity with respect to measurenters been defined in a number of
ways. Blood defines validity as "the consistengghwhich an instrument measures the
variable or variables it was designed to measB&od & Budd, 1972). The definition
used here for measurement validity is from a Nati@ctience Foundation publication on
educational evaluation: validity is "[tlhe soundae$ the use and interpretation of a
measure" (Stevens et al, 1993, p. 97).

Measurements that make the best approximatiomtio &re clearly most
desirable, as they will most accurately indicatedbtual state of what they measure.
However, many constraints prevent the use of measwith the highest possible level of
validity. Flagg identifies two of the major corstrits as time and money (Flagg, 1990).
Time is required to search for or develop measunesnaf high validity. Funding
limitations can restrict the personnel (and levedxpertise) available to develop and
administer a measure and the number of subjedtgdinebe used in development or
implementation. Flagg also notes that these caingsrare typically more restrictive on
formative evaluation (Flagg, 1990). When an edooat system is in operation,
typically most of the financial resources are budddor immediate operational needs,
not for evaluation. Also, the time required oftbatstructors and students for the various

aspects of a course limits the time available teettg and administer highly valid
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measures in time to be useful in the course. drsthrvey discussed earlier, engineering
instructors reported that the factor that most @redhem from performing evaluations is
the lack of time available to do so. Thus, whilghty valid measures are most desirable,
pragmatic factors may require the use of measures® or unknown validity that can
provide timely insight, particularly in formativer&uation.

The validity of a measurement also depends ondh&egt in which it is applied
and the extent to which the evaluator can undedgta impact of this context on its
meaning. Again, the ecological approach recogrtizesnfluence of the environment on
the performance of a task. The influence of therenment includes making certain
interactions with the system essential in one cdrdet irrelevant or harmful in another.

Examples of the interaction of validity and conteah be found in the process
measures of learning through computer interactsoresiewed above. Time on task is
recognized as a reliable measure of student legramthat the amount of time spent by
a student engaged in a learning activity is propodte to the degree of learning that
takes place due to that activity (Taraban et 8012. The studies reviewed above show
that measures of time on task on a computer leguanitivity based on interactions with
the computer can potentially be validated as measoirlearning. However, the
McNulty et al. study (McNulty et al., 2000) showst not every measure of interaction
holds to the time on task assumption.

The following thought experiment also shows theracttion of validity and
context when measuring learning through computeraction. Assume there are two
undergraduate courses, each with its own web3itte. instructor of the first course only

uses the website to post notes, handouts, anchassiys for students to access. The
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instructor of the second course posts requiredalittboratory assignments that can only
be performed on the course website. As studens$ log in to access the material for
either class, interaction with both websites i©rded in detail.

In the case of the first course, student’s intéoastwith the website will
generally involve visiting the website occasionatiyaccess the material. Students may
do several things with this content, including riegdt on-line, downloading it to view
off-line, print it to hardcopy, or a combinationtbiese. In addition, students may
organize into groups where one person acquiresahtent and gives copies to the other
students. In any case, the student interactsththvebsite to access the content, but no
reliable measure can then be made based on theemadr logs of how students read and
study the material. Also, since students can ncakées to study later or to give to
others, the web server log cannot exactly measwet émes and for how long students
examine the material.

Students in the second course will exhibit a veffgent pattern of interactions
with the website. Since the virtual laboratoryigissents are required and must be
completed on-line, students will access them amfbpe the work on-line. Time on task
measures for individual students can be extractad the interaction data including time
spent interacting with the virtual laboratory (ested by start and stop times) and total
number of requests to the server for files withia virtual laboratory. These data give an
accurate measure of the time students spent engatiethe virtual laboratory, which
can serve as a measure of learning. Unlike teediass, learning must take place on-

line and the time spent in this activity can be suead.
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2.3 Applying Cognitive Engineering to Educational Eation

During the formation of the discipline of cognitieagineering, practitioners
considered how to apply it to education; howewver tapplications have been limited
compared to other domains. One of the earliet @l a discipline of cognitive
engineering included observations on how it codapplied to education, though it was
not applied at the time (Norman, 1980). PejteesmhRasmussen considered how
cognitive engineering methods can be applied t&kwlomains where learning is
involved in some way, though not directly to themdon of education (Pejtersen &
Rasmussen, 1997). With respect to the task toalbeet], work domain analysis has been
used to provide a full description of the domaimafrk that is to be trained (Lintern &
Naikar, 2000). The advantage of this is that taaing program can be designed to
teach all the applicable levels of abstractiorhefdomain necessary for expert
performance. This is in line with current direcisoin education that focus on the
knowledge of experts and its implications for tlhatent and methods of education (see
chapter two of Bransford et al., 2000).

Dorneich (2002) used work domain analysis to medeate general components
of the software architecture of a training systefiere, the software was considered the
domain in which the humans (students) act. Thddgimeich does not use the term
planning evaluation, he describes the abstraciieraithy being used in such a way:

"It is through careful articulation of the [absttiaa hierarchy] that the

features, instructional pedagogies, and collabamaaspects of the

elements of [the training software] are designed principled way. Gaps

in the [abstraction hierarchy] (missing links itheir direction) identify

gaps in [the software's] ability to realize thetestisfunctional purposes

[goals], and leads the developer to revise andtiehe design”(Dorneich,
2002, p. 206).

Dorneich recognizes the needs of different rolgseaiple that may interact with
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the software, but these needs are not explicifhassted by role in the model. Also, the
lowest level of "physical objects” describes sofevanodules rather than what are
typically considered physical objects, thus a ddfeé name is needed. In addition, the
interactions of humans and the software are ndudied in the analysis, only points at
which the human may interact with the software.rrigach clearly states that the
abstraction hierarchy is used to describe theitrgisoftware, which is only one entity in
the entire system of learning.

Recently, Dainoff et al. asserted that “the proac#ssducation and training can be
considered a complex sociotechnical system” ansl thm be examined by the methods
of cognitive engineering (Dainoff et al., 2002825). This would include using
cognitive engineering methods to aid the designeaaduation of a system of education.
Dainoff et al. do not present an argument that atiloic is a complex sociotechnical
system, but an argument is made here. By defimigducation involves multiple
humans in two different roles, instructor and shidand so is necessarily social. Also,
technology has always been a part of education thentlay tablet to paper to the CMS.
In addition, education can be argued to be quaiéthigh in at least four of the eleven
characteristics of complexity listed by Vicente 999. First, education can involve large
problem spaces in that instructors and studentsygacally choose from a wide variety
of actions to accomplish goals. Second, as nadobe education is necessarily social
due to interaction between instructor and studemd,is often even more so due to team
teaching and learning activities. Third, studeartd instructors tend to come from a
variety of backgrounds, thus bringing many hetenegeis perspectives to teaching and

learning. Fourth, as noted above, Brown (1992htgabut that education is coupled, i.e.,

62



that the parts cannot be separated and examinsdlation.

Dainoff et al. apply the cognitive engineering neetlof work domain analysis to
both the content to be learned and pedagogicaladsthsed in an undergraduate
psychology course (Dainoff et al., 2002). Whiletlstate that this analysis is performed
to examine the alignment of the pedagogical metlandisthe course content, and will
eventually be used for evaluation of the educatieypstem, how it will be used for
evaluation is not described. While a pedagogippt@ach is captured by these authors, it
is not clear how the representation of the pedagbgpproach is related to the
representation of the course content so they catidgpged. In addition, this work does
not represent actions which can be evaluated. iAb&vdiscussed next in chapter three,
this dissertation asserts that actions and theresponding cognitive constraints are
necessary for representations providing both sefficscope and detail for rigorous
planning and formative evaluation.

Likewise, this work does not explicitly recognitetroles of the student and the
instructor. Work domain analysis has been useamine the roles of humans to some
extent in terms of identifying separate but patalemains for those humans (Rasmussen
et al., 1994, p. 262), or separate areas of regiplitysin achieving the same goals in the
same work domain (Vicente, 1999, p. 258). In etlanamore than one distinct role
needs to be recognized; while each has its owofggials and actions; their intrinsic
coupling requires that they can not be modeled ¢et@ly independently.

In considering the suggestions of Pejetersen asthRBssen (1997) with respect
to learning situations, the benefits of work domemalysis should be maintained. Work

domain analysis is able to model the domain ofatbek environment and model the
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applicable levels of abstraction. However, sii@annot capture the non-physical
constraints that guide actions, an extended verditile model must be created to
adequately model an education system for planmidgf@mative evaluation. The types
of task analysis examined earlier are able to cagyyical types of actions in the system,
but they neither situate the actions within thetegnof the full work domain, nor
highlight the environmental constraints that netatesthose actions. Rather they
typically only model activity at one or a few legaif abstraction without identifying how
the actions require parallel physical actions amghdive activities, and how they support
the system goals. Also, normative types of tagityams, including hierarchical task
analysis, have more rigid structures focusing nedr sequences of events that may not
be descriptive of the variable and fluid behavibis take place in education. Thus, the
models reviewed here have desirable characteristiesn examining education, but
neither representation is adequate in isolation.

2.4Requirements for a New Modeling Approach

Rather than creating parallel models based on @onkain analysis and one type
of task analysis to examine education, this diatiert seeks to combine the desirable
aspects of the two into one new, combined modédi aitorresponding framework for
action representation. As this new approach wilbased on other methods in cognitive
engineering, it will also apply to complex socidteical systems in general, but will be
most applicable when used to examine learning sesystems, notably education,
where actions must be captured in the contextefithole work domain and both
environmental and cognitive constraints must batifled.

This new approach will draw on work domain analysisthe levels of
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abstraction and parts-whole decomposition thatxpert would use to model the work
domain. This provides a representation of theemiork domain, which, due to the
interrelated nature of education, is necessargv¥atuation. In addition, the new
representation can distinguish the different rolielsumans beyond what is currently
done with work domain analysis. From task anajybis new framework needs to focus
on the actions of people within the system. By lbimnmg the strengths of these
established methods, the actions can then beestirathe work domain and related to
all relevant levels of abstraction. Table 5 sumpesthe qualities of this new method in
relation to the methods reviewed above. A new ggmeodeling framework that fits this
description is described in chapter three andssudised in terms of an educational

system.
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Table 5: Comparison of reviewed analysis methods dmew, desired method

Work Domain Control Task Hierarchical New
Analysis Analysis Task Method
Analysis
Constraints Environmental Cognitive Cognitive Environ-
Examined mental
and
Cognitive
Scope of Environment Actions and Actions and Actions
Analysis where work their sequence their sequence and the
takes place at Environm
different levels ent
of abstraction
Examines No Yes Yes Yes
Actions of
Agents
Represents No Partially — Yes - typically No
tasks recognizes
sequentially shortcuts taken in
procedures, but
focus is on the
typical sequence
Examines Identifies roles, No — typically No — typically Yes
multiple but only in focuses on a focuses on a
agent roles same work single role single role
environment
and without
describing
interactions

between them
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CHAPTER 3

WORK ACTION ANALYSIS

3.1Learning Service Systems

3.1.1Defining Learning Service Systems

As established in section 2.3, education systembeaziewed as complex,
sociotechnical systems for analysis with cognigwngineering methods. However, it has
qualities that do not lend it to traditional cogwetengineering methods reviewed in
section 2.1.3. These are discussed in sectioarfti4nclude that both cognitive and
environmental constraints play significant roleslaping behavior, that actions of
agents and the environment interact to induce ilegyand that multiple agents interact
to accomplish the system goals. This class oksysis defined in this thesis as learning
service systems, i.e., systems whose primary foimdsi to enable learning by one type of
cognitive agent via the teaching of at least oherotype of cognitive agent. Learning
service systems are defined here for the first.tilb@arning service systems do not
include learning how to produce a tangible procscan end in and of itself, but may
include producing tangible products in the seratkarning knowledge or cognitive
skill. Cognitive skill has been defined by VanLeds“the ability to solve problems in
intellectual tasks, where success is determinee itpisubjects’ knowledge than by their
physical prowess” (VanLehn, 1996, p. 513).
3.1.2Underlying Viewpoints on Behavior in Learning See/iSystems

As discussed in chapter two, cognitive engineevieg's environmental and
cognitive constraints as determinants of humanywehaWork domain analysis focuses

on the environmental constraints in a system, fdescted in the structural means-end
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relationships described by the typical abstracti@narchy (Vicente, 1999, p. 162).
However, models of learning service systems mussider cognitive activity in addition
to physical structure. All human work tasks reguome cognitive activity, but in
learning service systems learning is a definingattaristic. Physical interactions with
the environment are undertaken to enable the degrattivities of learning, so both
types of constraints must be considered.

Also, non-physical elements, such as informatiday g significant role in
learning service systems. For example, in educakie diffusion of information is a
fundamental part of a course that imposes constramall aspects of behavior. Thus, an
examination of structural means-end relationshipg account for the course textbook,
but not for the information flow enabled by thetteok, handouts to the students, and
lectures. Since the diffusion of information iseigral to cognitive activity, especially in
learning service systems, an analysis of such dwmaust include it along with any
other non-physical elements.

Therefore, if learning service domains are to begadtely modeled, they cannot
be examined exclusively from a cognitive or ecatagperspective. Rather, they must
be examined from both to capture all the relevanstraints on behavior relative to the
agents’ objectives. These constraints can conm friaysical elements of the
environment, from non-physical elements such awinétion, and from the inherent
requirements for cognitive activities.

3.2Description of Work Action Analysis

3.2.10verview

A new type of work analysis is presented hereHerfirst time called work action
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analysis (WAA). WAA draws on both cognitive andkagical approaches to work
analysis and combines their strengths into oneyaisainethod and one corresponding
representation. Both cognitive and environmentabkt@ints should be considered in a
work analysis: "[b]Jecause work demands are usualtgposed of both cognitive and
environmental constraints, there can be little argnt that work analysis should include
an investigation of both types of constraints. oVerlook either would be a mistake..."
(Vicente, 1999, p. 48). Though both should beudel in a work analysis, there is no
single analysis approach that examines and regseBeth concurrently. Thus, to date
"[t]he dilemma is in deciding which type of consirta should be given most importance.
Should a work analysis begin with ... cognitive coaisits or environmental
constraints?" (Vicente, 1999, p. 48). Rather thalacting one approach or the other,
WAA places the actions of the human, shaped by itggrconstraints, in the context of
the actor’s objectives and the atomic elements,information and physical elements
that serve as environmental constraints.

Work action analysis is thus defined as a form ofknanalysis specific to
learning service systems that places the simultaeognitive activities and physical
actions in the context of objectives and constgaifithe scope of a WAA includes the
system goals, objectives of the agents, objecésvadrk domain, and the typical set of
physical actions and cognitive activities. WAA#a the physical actions and cognitive
activities in the context of the environment thrbwgmeans-end hierarchical framework,
showing the relations between each. WAA does tteirgpt to identify every possible
physical action or cognitive activity that can teetpf a task; rather it identifies the set of

those that will typically take place. As opposedhrtost forms of task analysis (e.qg.,
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hierarchical task analysis), it does not specifgquence of those actions.

Model representations created from a WAA are calleck action analysis
models. Like other cognitive engineering model®{A\models can be descriptive or
formative, depending on their use, i.e., they datliely describe a system that is either
being designed or is in use, rather than beingigired. The purpose of a WAA model is
related to the needs of the person using it. sfstem designer creates a WAA model of
the conceptual system, the representation willdeslin a formative sense and may
inspire changes in the designer’s mental modella@@ctual design. When evaluating
an existing system, a WAA model can be used insari@ive sense to show how the
system currently functions.
3.2.2Characteristics of Learning Service Systems ExathinyeWork Action Analysis

The learning service domains to be studied, su@dasation, have a set of
characteristics that must be included in an analysthose domains. These include the
relations between physical actions and cognititeigies, relations between each of
these and the environment, and the roles of cagrétgents within the system.
3.2.2.1Physical Actions and Cognitive Activities

As described at the beginning of this chapter, tognactivity plays a prominent
role in the learning service domains for which WisAntended, such as education.
Physical action is distinct from cognitive activityet the two are related and interact. It
must be recognized that physical actions and civgraictivities typically occur
simultaneously at different, adjacent levels oftaaion within the domain. Physical
actions involve direct manipulation of and interaetwith physical objects in the

environment, and so are close to the physical thjaa hierarchy of abstraction.
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Cognitive activities take place in the arena oflth&in/mind, and often stem directly
from the desire to achieve the higher level goath@task. For example, in the process
control task of short order cooking Kirlik obserwedrkers physically arrange the task
environment to align with their cognitive activgief monitoring the orders on the grill
(Kirlik, 1998). Three different strategies forgthask were observed, each with different
physical actions that necessitated their own aassticognitive activities. Here, the
cognitive monitoring task is directing the physiaation of cooking the orders, and the
physical actions are shaping the environment tieatognitive activity is monitoring. In
perhaps the most efficient strategy, the workeassgthe meat for an order at varying
left-right positions on the grill depending on tiype of order and then move them to the
right at the same rate, thus knowing they are ddmen they reach the right side of the
grill. Likewise, recent work in cognitive sciencethe area of situated cognition has
brought broader recognition of the importance a@hsmteractions between the human
cognitive activities and the environment (e.qg.,ri¢ld4998; Hutchins, 1995).

In learning service systems, the interplay betwamgmitive activities and
physical actions is connected to the purpose afetlsgstems, namely learning. Learning
necessarily and immediately involves cognitive\atitis, and physical actions are
performed as part of engaging in those cognititvidies. For example, a student may
perform the physical actions involved in readingxtbook (i.e., holding the book,
moving eyes over the page). The immediate purpbperforming these physical
actions is to acquire the knowledge in the boatggnitive activity, which supports the
overall objective of learning. This relation beemecognitive activities and physical

actions must be considered when modeling a leasengjce system.
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3.2.2.2Levels of Abstraction and Means-end Relations

Modeled at adjacent levels of abstraction, physaciibns and cognitive activities
have a specific type of relationship. While they ®e distinguished, it is not possible to
separate the cognitive and the physical, nor canbensaid to drive the other as both
must take place to support each other. Insteadngiend relations relate elements
between levels of abstraction by identifying twateyn elements where one is the means
for accomplishing the other. This type of relatexists between cognitive activities and
physical actions in learning service systems, wpésesical actions are ultimately the
means performed to accomplish cognitive activitids.in the example above of reading
a book, a student is engaged in the physical acfiomanipulating the book to the
cognitive end of comprehending its content.

There are other elements of the system, such astebn the environment and
system goals, that also play key roles in learsenyice systems. In cognitive
engineering, physical actions are often consideegdrately from elements of the
environment. In Pejtersen and Rasmussen (1997)iatetn and Naikar (1998), for
example, where work domain analysis and decisidddes are suggested to represent the
work domain and actions respectively, the two asialynethods capture actions and the
environment of the task separately. Yet, the egiobd approach’s view that the
environment has a major role in determining behas@m not be separated from the
actor. The ant in Simon's illustration (Simon, 1Ptakes action in relation to the task
goals (e.g., transport food to the colony) andptimgsical objects (e.g., contours and
obstacles of the beach), which are both importamidrk.

Not only do physical objects in learning serviceteyns shape behavior, other
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non-physical aspects of service systems servenasifoental, atomic elements to support
the physical actions and cognitive activities. fdged earlier, for example, information
plays a significant role in education and is embddn physical objects such as
textbooks and electronic files, such as PowerRoegentations. Yet, the information
itself is intangible and is as much a means to mgtishing physical actions as are the
tangible objects, regardless of how it is physicabmmunicated or stored. In education
a grade on an assignment can be communicatedtingywverbally, or electronically, but
the information of the grade is the important comgrt of learning, not the conduit used
to transmit it. The lowest level of abstractiori@arning service systems must include
both the tangible and intangible elements thatteeneans to accomplishing the
physical actions and cognitive activities.

The term "structural” in structural means-end retet emphasizes that, in work
domain analysis, these relationships are betwdgysigal) structures in the environment.
The levels of abstraction in WAA include physicatians and cognitive activities,
requiring a different type of means-end relatiotwlegen these elements. The means-end
relation used in WAA is defined as agent-environtmeeans-end relations. The term
“agent-environment” signifies that these are meamgrelations between environmental
elements and elements related to the agent’s @iyaitions and cognitive activities,
emphasizing the interaction between these elenmenésl-world tasks. Agent-
environment means-end relations exist between leaehof abstraction in WAA: from
the environmental atomic elements to physical astifrom physical action to cognitive

activities, and from cognitive activities to theeagjs objectives.
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3.2.2.3Roles of Cognitive Agents

Another aspect of learning service domains istiteraction of multiple cognitive
agents, typically humans, in different roles. @edinition of cognitive agent used here is
based on Hayes’: “aagent is an entity (either computer, or human) thataigable of
carrying out goals, and is part of a largemmunity of agents that have mutual influence
on each other” (Hayes, 1999, p. 127, emphasis.h&ts} first part of this definition
states that agents perform actions to carry ousgdko do so implies that agents must
have some ability to perform actions and that thaatns are directed to meet goals.
Hayes’ definition is extended here to note thateahmust be some cognitive (or
computational) activity internal to the cognitivgest that serves as a means-end link
between actions made on the environment and th&’agmals. The second part of
Hayes definition states that it is part of an agemature to interact with other agents.
While it may be possible to conceive of and defifearning service system where there
is only one cognitive agent, the multi-agent casebe considered here for two reasons.
First, modeling the single-agent case is a subdgbeanulti-agent case. Second,
cognitive engineering methods need to be abledowat for multiple cognitive agents
(e.g., Woods & Roth, 1988).

Hayes also defines the term roles with respecyéms: “[w]hen agents have
specialized functions they are said to have indiaidoles, such as pilot, navigator, or
mechanic” (Hayes, 1999, p. 127, emphasis hersgh Eade is working in the same
system and may perform similar work on the sameeay®lements. However, different
roles may also interact with different elementshait system and perform different tasks.

The various roles may have some objectives in commlated to the overall success of
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the system, but they also have objectives thatliaeetly related to their own role and are
not shared with others. In addition, one role maate the environment of other roles,
such as in the case of instructors creating patte@environment for students in a course
by creating the assignments and grading formulze modeler must determine whether
or not the cognitive agents have sufficiently spoed functions in the context of the
purpose and specific use of the analysis. For pi&gnm one model it may be necessary
to distinguish between the roles of pilot, copikmd navigator, while in another it may
be sufficient to distinguish the role of the coclkgpew from the role of the cabin crew.

As noted in chapter two, work domain analysis htegted to represent
different human roles by showing each as havinggaon of responsibility in the work
domain (see Figure 2). While this method represeath role within the work domain
and the areas of overlap between their respeas@onsibilities, it does not represent
how one role interacts with the other. The arelsresthe roles overlap do not specify
the relation between the roles. Nor can this netlepresent one role creating the
environment for another. As there can be a latgeber of system elements that are
exclusively related to a single role, it is necegsa distinguish between roles in WAA
and the representations associated with each follbeiing section describes how this is
represented in WAA.
3.2.3Purpose of Work Action Analysis

The purpose of WAA is to be a method for the desiga evaluation of learning
service systems. In this, it has similaritiesdolegical interface design, which was
reviewed in section 2.1.4.1. In EID, a model iddmaf the operational system and

measures are integrated with that model to creatzalogical interface. This interface
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is then used by an operator to control the systéhe role of the operator is that of an
evaluator performing a formative evaluation. Thepose of the model is to capture the
operation of the system so the operator/evaluaorcontrol it.

Here, it is useful to distinguish between the openal aspects of a system, and
the evaluation and control aspects. The operdtaspects of a system are the elements
that are working to meet the system goals. Fomgka, in a process control system, the
operational aspects are essentially the processthaing controlled, excluding the
controller and control activities. The evaluatespects of a system are those that are
examining the system to determine if it is meettagoals. These may also include
control of the system where the evaluation is usethange system parameters to more
effectively meet the system goals.

It is possible to model this type of system witheaist two different scopes. First,
both the operational and evaluation and controdetspcan be included in a single model
that identifies the parts of the system that ar@pi@ration to meet the system goals and
the parts of the system that are used to evalmatea@ntrol that system. Second, just the
part of the system that is in operation to meesistem goals can be modeled, excluding
the evaluation activities. While the first typernbdel and scope is useful for certain
types of analysis, it is not useful to supporttdmk of evaluating and controlling the
system. Instead, this type of model is best agpbepredicting the system behavior in
response to its control and evaluation mechanisthe second type of model and scope
does support the operator’s task of controllingleating the system. The operator uses
the model of the operational system along with messsof it to determine how to

control it. This second type of model is therefosed by EID and similarly by
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evaluation of learning service systems using WAA.

3.3Framework of Work Action Analysis

WAA was developed for the purpose of evaluatingrage of learning service
systems. The following sections describe the cotued WAA model framework, with
specific examples of its application to a partictygoe of learning service system,
namely and undergraduate engineering course.
3.3.1Dimensions

The WAA framework consists of three dimensions:gajts-whole, (2) means-
end, and (3) roles of cognitive agents. The fikst are hierarchical in nature, while the
last is categorical. While these dimensions welhgrally apply to a WAA of any system,
the meaning of each level of each dimension andtineber of levels may be further
tailored to specific applications. These dimensiare described in the following sub-

sections. A schematic diagram of the WAA framewisrkhown in Figure 12.
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Figure 12: Schematic of the Work Action Analysis Famework

3.3.1.1Means-end D ecomposition

As described previously, means-end decompositiparsges the system into
levels of abstraction. As with work domain anadyshe levels used for a specific task
should be chosen specifically for that task, soexmrless levels may be required. Four
levels are presented here for WAA from lowest tghleist abstraction: atomic elements,
physical actions, cognitive activities, and rol¢eatives.

The lowest level of abstraction is called the ataiements, which is analogous
to the physical form level in work domain analysguctural means-end abstraction
hierarchy (Rasmussen, 1985). Here in WAA, thieléy broadened to include other
types of resources, such as electronic files amdstof information, that enable and
constrain action but are not necessarily physitais is within the original intent for this
level in the abstraction hierarchy as it identifies resources required for the actions to

be performed (Rasmussen, 1985). Items at thi$ éewveribute to the system when a
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cognitive agent creates or interacts with it, lretr@ot themselves actions.

In light of the previous discussion regarding tretidction between physical
actions and cognitive activities, a distinctiommade in the hierarchy between the two by
placing them on separate levels. The level ofrab8bn above atomic elements
identifies physical actions, which are definedreshysical behavior performed on and
with the atomic elements. This may include varimanipulations of physical objects
such as typing on a keyboard, giving a presentati@n audience, and playing an
instrument. Physical actions include creatinghéeracting with atomic elements using
physical movement and thus are linked to atomimel#s by agent-environment means-
end relations. Here, the agent-environment limkpleasized are the physical
manipulations of the human performed on the at@t@ments (both physical and non-
physical) in the environment. The atomic elemanésindicated as the necessary means
to accomplish the physical actions, as the physicabns would have nothing to create
or manipulate without them. For example, an irdbucreates information in the form
of feedback when grading an assignment using pépaper.

Another property of physical actions is that they physically observable and
thus can be observed with process measures. Msecphactions take place in the
environment and in relation to the atomic elemeih$eractions with these atomic
elements can be recorded in a variety of waysthmit meaning is dependent on the
context within all levels of abstraction. For exae) the amount of time taken to
complete a physical action can be collected forgimgn action, but this process measure
may not be meaningful in situations where goalfsagsafety and accuracy override the

need for speed.
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Cognitive activities are the next level of absti@tt These will be described for
human agents, but apply equally to the computattiactavities of computer agents as
well. Cognitive activities are the internal, unebgble activities of the mind. Cognitive
activities cannot be physically measured in thénbraa typical work environment (at
this time), but they can be indirectly measuredterred through measures of the related
physical actions. Due to their connections, ibferred that when physical actions are
completed successfully, the expected cognitivesiiets have been enabled and, if the
objectives were also met, have taken place.

Agent-environment means-end relations link physacdions and cognitive
activities. Here, the means-end relations inditaae the cognitive activities are the
reason the physical actions are performed andtipsiqgal actions are the enablers of the
cognitive activity. These are agent-environmenanseend relations since they link the
physical actions that interact with the environmeith the cognitive activity that is fully
internal to the cognitive agent. These relatidas adicate that the physical actions and
cognitive activities are taking place concurrentior example, a student writing a paper
is concurrently performing the physical action afting and the cognitive activity of
constructing an argument. The agent-environmeminsiend relations also show how a
physical, environmental constraint, if present, pespagate to constrain cognitive
activity, and how cognitive constraints will reqaiphysical actions.

Role objectives is the next highest level of alustoa considered here and
consists of the overall objectives for each rdldtimately, within each role, all system
elements at other levels should be means of aclgdtie objectives for the agents in that

role and so should be connected to them throughht#ans-end relations between levels.
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The fact that cognitive activities are immediateglow the role objectives in the levels
of abstraction emphasizes the importance of thaitieg activities in the learning
service domains for which WAA is intended.

Overall system goals are represented at the |évele@objectives. System goals
may be matched with roles in various configuratjggussibly with some goals shared by
different roles, and some roles not explicitly nnegsystem goals. Roles can also have
their own objectives in addition to the overallteys goals. The relation between system
goals and role objectives will be discussed furtiedow.

Cognitive activities and role objectives are ralatg agent-environment means-
end relations, linking the agent’s cognitive adsiwto their goals. These are means-end
relations as the objectives are accomplished thirdlig cognitive activities (which in
turn are supported by the physical actions and iatetements) and the objectives are the
reason for performing the cognitive activities. €$h relations reflect the key place
occupied by cognitive activities in learning seevgystems as the immediate means to
accomplish the objectives.
3.3.1.2Parts-Whole Decomposition

The parts-whole dimension of system decomposisarsed to break down larger
system elements into smaller ones, such as breakpigysical system down into
meaningful subsystems. Granularity is a signifiéasue as it is necessary to examine
the system both as a whole and at an appropriatdé detail for the purpose of the
analysis. The purpose of this dimension is to taérthe overall context of the system
as well as capture the smallest relevant detdilee number and content of the levels of

the parts-whole dimension must be set for individisenains based on natural divisions
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in that domain. An example from work domain analys a manufacturing process,
which can be physically divided from the plant ashele into individual product lines,
specific process areas, and individual work statiohhe lowest level of this dimension
includes the elements at the smallest meaning¥el lef detail for the analysis. These
are then grouped together in the natural, meaniggéwps and divisions in the
environment, until the largest meaningful "wholg'tbllected at the highest level.

As learning service systems studied by WAA musluide an examination of the
environment along with the cognitive aspects ofrtiles, the parts-whole dimension is
not a decomposition of only the physical environteBy including physical actions and
cognitive activities in the means-end decomposjtiba system elements do not simply
stand in a spatial relation to each other as tlwelyad solely include physical elements of
the system.

Rather, WAA divides the system along natural grogpifrom larger to smaller
levels of granularity. The question "is the eletrarthe lower level a component of the
element at the higher level" identifies a WAA pastisole relationship. Each level of the
parts-whole dimension indicates a set of elemdnatistbgether form one level of
granularity of the system. Sets of actions anividies can, and often do, have a
temporal relation in that they must be performedaguence. For example, in education
it is typically the case that one set of materiabtrbe learned via one set of simultaneous
physical actions and cognitive activities beforetaer, as the former provides the
foundation for the latter. In such cases, it isg®sary to recognize these temporal
relations in the analysis. Thus, there may beipialsets of elements at each level of

granularity which are performed in a specified seqe.
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3.3.1.3Cognitive Agent Roles Decomposition

The cognitive agent roles dimension is not hienaadHike the other two; rather,
it is a categorical dimension listing the differeoles. While there will be some overlap
in the elements of the system that fall into eadh, this separation between the roles is
necessary to identify what atomic elements, physicions, cognitive activities, and
objectives are associated with each role. In Wa&gh role will have its own two
dimensional means-end and parts-whole framework.

While the roles are distinct, they are not isoldtedh each other. As noted
earlier, one role can impact the other. Rolegautewith each other at the atomic
elements level, where information and physical cisjexist and are shared by the roles.
Not all atomic elements need be shared by othesyblut the ones that are shared are the
means for one role to affect another. Thus, tWesrare linked bygorrespondence
relations between their atomic elements. Two at@feéments are said to have a
correspondence relation when they are essenti@lgame and they are atomic elements
in at least two different roles. For example, teatbook is used in a course, it would be
an atomic element for both the instructor and sitided a correspondence relation
would exist between the roles at the point of theltook. This example also shows how
one role shapes the behavior of another: the stsithave the textbook as an atomic
element because the instructor designated it toctiurse.

These correspondence relations can be used tothm@mpact of one role on
another. One role can influence another throughtorg or specifying atomic elements
for other roles to interact with via physical aoso The creation, specification, and

interaction with the atomic elements by both ragesaptured in each role’s individual
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representation, and the relations between thesati@stand actions are represented by
the correspondence relations.

Correspondence relations also exist between rgeetes and system goals. A
system can have overall goals, such as the cobysetives as stated in the syllabus.
Multiple roles may be attempting to achieve thaeysgoals, and not all roles need be
attempting to achieve all (or any) of the goalsheW an overall system goal is also a role
objective, the role objective has a correspondesiedion with the system goal. When
this is true, the system elements for that rolaukhbe aligned so that the objective will
be met, and the atomic elements of that role shioelldesigned to influence other roles
that must assist in meeting that objective.

For example, in the case of the roles of instruatat student, the instructor
creates and specifies atomic elements, such assamanent, for the student, which in
part shape the student’s behavior. The studeais@sguided by role objectives, such as
achieving a high grade, by which the student maleessions about the amount of effort
to spend on an assignment. The instructor mugges assignment in a way that
encourages students to be engaged in the actidrescéwities required while driven by
the students’ own objectives. The instructor nalsb design an assignment to meet the
overall system goals, which correspond with somiei®br her role objectives for the
course.

This method of representing roles of cognitive agénin contrast to how they
have been previously represented in work domaitysisaas noted in chapter two.
Previous representations of roles in work domaadyesis do not include relations

between the roles showing how they influence edlslrpnor relations between role
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objectives and system goals.

3.4Method for Creating a Work Action Analysis Model

Now that the general framework for a WAA model basn established, the
application of that framework to a system can kscdbed. A general method for
tailoring the framework to a domain and then popatpa model is presented here. This
method is specific to WAA, but is based on methimdreating work domain analysis
models as given by Rasmussen et al. (1994) anchii¢@999). As in work domain
analysis, these high-level methods should be seguidelines as there may be specific
needs for particular types of domains and taslkgaileéd processes more specific to
particular domains and tasks can be formed withesé guidelines. Also, these
guidelines should not be followed in a strictly seqtial manner without iteration.
Instead, the modeler should use the modeling psacegain insight to the system, which
in turn leads to refinements to the framework armdieh established in previous steps.
Indeed, each step is not a straightforward instsaa@nd may be iterated within itself.
3.4.1Method

1. Determine the scope and purpose of the analysis. Both the scope of the

system to be examined and the purpose of the asatyst be specified.
These will serve as boundaries and guides to oreafithe model. This is an
essential step to the method as it sets the cofatettie analysis. Based on
the scope and purpose, the modeler will determimat wystem aspects and
level of detail are meaningful for this analysis.

2. Determinethe systemgoals. The goals of the system, which is bounded by

the scope and purpose in the previous step, mudebéfied. The system
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goals should be ultimately achieved by all rolesngccollectively.

|dentify all the roles of cognitive agents that are integral to the system. These
should be identified relative to the scope and psepof the analysis. This
step should be relatively simple when the roleschearly delineated (e.qg.,
student and instructor) relative to the purposesaage of the analysis.

| dentify the levels of the parts-whole and means-end dimensions. Working
from the whole system established by the scopdlangurpose of the
analysis, relevant components should be identifi&slnoted earlier, there
may be an established system of division into camepts that can be used to
design the parts-whole dimension. In some caseaytbe necessary to
deviate from this division when it does not reflactual work practices or
support the scope and purpose of the analysigrddthleaving out levels of
organization, or brainstorming and attempting sadifferent divisions. Itis
also necessary to consider temporal relationsterméne what parts should
be seen as temporally related and may require aepa@presentations at the
same parts-whole level of granularity. In paraiéh the parts-whole
dimension, the definition of each level of absti@talong the means-end
dimension should be determined. The general cetegof the four levels of
the means-end dimension identified here are atefeiments, physical
actions, cognitive activities, and role objectivéme domains may require
slight deviation from these general categories@mdifferent numbers of
levels to properly analyze a particular systemefgarticular purpose. The

schematic framework presented in Figure 12 witlingef categories in each
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dimension is the final product of this stage.

. For eachrolg, fill in theitems at the lowest and highest levels on the means-

end and parts-whole dimensions, so that the top left and bottom right corners

of the framework are populated (Figure 12). ldentifying these items in the
highest and lowest levels will keep the model bolpdhe designated scope
and purpose, allowing the middle levels to be dpgzLin relation to them
through the parts-whole and means-end relatioriso, Ahe items in these
corners of the framework are typically easiesti&ntify.

. For eachrolg, fill intheitemsin all other levels, identifying relations between
levels as appropriate. Once the elements from step five are specified,
elements of levels in between can be identifiethieyr level of abstraction,
level of granularity on the part-whole dimensiongaelation to other
elements in the model. At this point, the "howtdwhy" questions must be
used to determine if items at different levels lnfteaction are related by
means-end relations, which are the only relatibas $hould exist between
levels of abstraction. If two items in adjacentels of abstraction are related,
the one at the lower level will identify "how" tle¢her is accomplished, and
the one at the higher level will identify "why" tla¢her is performed. Parts-
whole relations must also be identified, which sfyete items that are a part
of a larger whole (e.g., components are parts loysstems and subsystems
are parts of the whole system). These questiohald suggest new system
elements by making the analyst consider all theegyglements that may be

means to an end and ends of a means, or parte wftthle. It will be
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necessary to periodically double-check the elemamdstheir relations using

these questions to ensure all items are in theperlocations in the model.

In parallel, the analyst must identify temporaht&ns between elements that

may require separate representation, and relatietrgeen roles where one is

affecting the other.

7. ldentify correspondence relations between roles, and between role objectives
and systemgoals. Correspondence relations can exist between atomic
elements in different roles and between role ohjestand system goals.
Identifying these relations is necessary to deteenfithe roles are aligned
with system goals and if all roles are aligned veilch other. In a well
aligned system:

» all system goals have a correspondence relatidnatileast one role
objective,

» all roles with at least one system goal correspunth a role objective
have correspondence relations via atomic elemeititsother roles needed
to meet that goal, and

» all roles are related to the overall system goiiteethrough
correspondence relations of role objectives antksygoals or via
correspondence relations of atomic elements t@ ftbigt are explicitly
meeting system goals in their role objectives.

3.4.2Framework Templates
In addition to using the method in the previoudisedo create a WAA model, a

modeler capitalize upon templates of WAA models thasely match the system under
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study. Once one system in a domain has been nibdéle the WAA framework, these
can be used to build template frameworks and spetgfzelopment methods for other
such systems within the domain. While specifik$aasnd situations may differ, there
will be general patterns of work for these systefiagr example, many undergraduate
courses follow a similar pattern: students atteature, work through weekly
assignments, take tests on the material, and egeaded feedback. The tasks
performed in these courses are very similar to edlodr, so that a set of templates could
be made for major aspects of the course suchygsaat homework assignment and the
material, lectures, and grading that are associatiidit. Each of these courses, while
taught by different instructors with different cent, could benefit from a similar pool of
templates. The pool of templates need not be kangegh to include every possible
situation, but should cover the typical case dtsabkat occur frequently. Even if a
situation is not covered by the templates, the tatep can suggest ways to model it. As
more systems are modeled, more templates can leeaged to support modeling other
systems.

Also, when a new pedagogy is identified as desérédnl a given learning service
system, templates based on the pedagogical metandse created showing how to
apply that method. This may involve the introdotof new educational technology,
adoption of a new method of classroom instructarinclusion of any other change in
the system. Again, these need not identify evessible way to use the new method for
learning, but will provide the modeler with a baselfor tailoring a model to a specific
situation.

The templates do not eliminate the iterative metbfocteating a WAA model,
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but enhance it by providing more support to the e@d Unless the template is for the
exact same system being modeled, it cannot singlyobied to use for a new system
and will require modification. To take advantageemplates when modeling, the
modeler would begin the WAA method as outlined aoWhen the modeler reaches
step three, which is to identify the roles of cayei agents, the modeler should also
being looking through available templates for medehere the first three steps are
similar. Over the course of steps four througlesethe modeler can continue to
examine the templates for systems that are si@idruse as much as is needed from the
templates. If the system being modeled is verylairto one in the templates, the
modeler could simply copy the set of templatesraa#le small adjustments as necessary.
If the system does not match a set of templatese sspects of the templates can still
guide the modeler in where to place certain tygedesnents in the model.

3.5Work Action Analysis for Higher Education

Having presented the general framework of a WAA ehgaithis section
demonstrates how this framework and method caanilmedd to a university level course
to illustrate its use and to establish a methodtangblate more specific to education.
3.5.1Applying the WAA Method to a Course in Higher Edtica
3.5.1.1Determine the scope and purpose of the analysis

In this example, the scope of the analysis is éohib a single undergraduate
course and the purpose of the analysis is the plgrand formative evaluation of that
course. This guides the modeler to focus on etialmthe system of the course as a
whole with its constituent parts. In other caselsfoader scope (e.g., curriculum) may be

desired, in which courses are included as constitp@rts.
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3.5.1.2Determine the system goals

The system goals of an undergraduate course calehified as the course
objectives written in such a manner that they aeful for evaluation. Course objectives
are often written poorly and without a view towdelng measurable for evaluation (St.
Clair & Baker, 2000). Even if an objective is s@in a measurable form, it may not
identify the correct level of learning that is desli in the system. If the objectives are not
properly stated for the system, it will be diffiguf not impossible, to determine if any
cognitive activities support the system goals. @osely, through thinking through the
cognitive activities expected of the students,itd@tive method of performing a WAA
can help clarify and detail course objectives.
3.5.1.3ldentify all the roles of cognitive agents that aregral to the system

The roles of the instructor and students in thecation system are different in
terms of their actions and goals at the scopesirigie course and for the purpose of
planning and formative evaluation. Typically tihetructor creates or provides the
atomic elements and specifies the physical acttongsponding to cognitive activities
desired of the students. In pursuit of their owieotive, the students interact with, and
often react to, the atomic elements from the irt$tny participate in the physical actions,
and create their own atomic elements such as stoidys. There is deliberate influence at
the level of atomic elements, particularly from thstructor to the students, but the roles
are significantly different and may be represemgdlifferent work environments that
strongly impact each other without being experiénoghe same way by students and
instructors. It may be necessary in some casaddmther categories in this dimension,

such as for teaching assistants who have a disbfectn assignments, office hours, and
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lab exercises.
3.5.1.4Identify the levels of the parts-whole and meand-@mensions

In order to feasibly study an educational systeahss a course, it is necessary to
decompose it from a whole into relevant parts.sT&inot just so the parts can be
examined in isolation, but also to identify the tdyution of individual parts to the
whole of the system. The following is one schemddcompose a course into parts that
accords with the typical structure of undergradesigineering courses. This is not the
only structure that can be used, nor is it the rapptropriate for every course.

The most detailed form of information in educatcamsidered in this framework
is the individual topic of course content. A tof@ single cohesive concept that
students must learn as part of a course (Pritelatt, 2002). Topics are associated with
specific instructional material, which may inclualsection or chapter of a textbook, a
lecture, and/or paper or electronic notes. Ther@irestriction on the size of topics in
terms of breadth or depth, but it is suggesteddhapic may range from small (3-4
topics per class lecture) to large (1-2 class testper topic). Students interact with
topics via physical actions. Each topic has a6attions associated with it that are
designated, either explicitly or implicitly, by thestructor to acquire the knowledge
and/or skill of the topic. These actions may ideuweading and memorizing the topic
material, or applying the topic to a specific apation to gain design experience. Thus,
the topic level of this dimension includes the ndiual topics in a course and any
actions, activities, and objectives that are imratdy related to them.

The next level of the parts-whole dimension cossiétassignments. Many

undergraduate engineering courses are structurfthsan assignment, such as a
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homework or quiz, covers one or more topics. Thugoup of (typically related) topics
is covered by a single assignment. When the taumesred by an assignment are not all
closely related, such as on a comprehensive exem@ssignments tend to have multiple
guestions where each one relates to a set of omdéeov cohesive topics, and can be
treated as separate assessments. Parts of tamdhst may be represented at the level
of assignments include atomic elements (e.g., $bessment itself, student submissions
for the assessment, and feedback to students mrpéréormance), all physical actions
and cognitive activities relating to the assignmantl any immediate objectives of the
roles for the assignment stated more specificaiy ttheir objectives for the entire
course.

Grouping content based on assignments correspondsnal teaching activities.
This structure based on assignments likely comesuas from pragmatic reasons as
pedagogy. The instructor schedules topics partilsed on when they must be covered
to be included in regularly spaced assignments aadiomework and tests, and partially
based on highlighting a cohesive group of topidsoAif there is a term-long project the
instructor must schedule the project and topicstsdents can learn the material needed
to do the project work. In this case, there wdltbmporal relations between assignments
according to the order in which they are assigrgidents also schedule their work (i.e.,
physical actions and cognitive activities) for ttwirse in relation to the assignments.

The next level in education is the whole, the ceurs the context of this
example, a course is a set of assignments madeaeinod topics with a consistent
instructor (or instructors) that together formraafi comprehensive grade. In

undergraduate engineering education, a courseatjypiasts one academic term, but
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conceptually a course may be longer or shorter.

In some analyses it may be beneficial to add anghks-whole level for the
curriculum. If the scope of the analysis is tha@rercurriculum, then this level must be
added to examine the relations between the ind&idourses and the curriculum
elements, especially the curriculum goals. Aléthe purpose of the analysis is to
examine how a course supports the curriculum, #ulgliing this level is necessary.

As for the means-end decomposition, the four legéthe general WAA model
framework can be applied specifically to a uniigrsburse. The lowest level of
abstraction, atomic elements, contains physicaabjand information such as lecture
notes, handouts, homework assignments, and gr&aesexample, simulation software
and an electronic file containing a simulation nmate each atomic elements. They are
assigned by the instructor and used by both instr@nd students during the course, and
their use involves action (e.g., running a simolati Other items such as e-mail
messages and feedback from instructors to studeras assignment (in whatever form
delivered) should also be classified at this loiest| of abstraction.

Physical actions are the actions performed on a@t@miments. These can include
creating atomic elements, such as an instructatiogea handout or lecture, and
interacting with atomic elements, such as studstinidying a textbook or working
homework problems. Again, these are actions ircthese that can be directly observed.

Physical actions do not directly meet the educatigoals of a course, rather they
are intended to make students engage in cognitiwatees; i.e., cognitive activities are
the purpose of the physical actions and the meaasdomplish the agents’ goals (see

Table 4). Several physical actions work togetbencurrently or sequentially, to
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produce one cognitive activity; for example, natking during lecture and subsequent
rehearsal of these notes can together produce nmeation. The cognitive activities
desired in students should determine the physatadres to prescribe to ensure the
desired learning outcomes.

The instructor’s objectives in education typicaftiglude, but are not limited to,
the course objectives for student learning statatie syllabus. Students’ objectives may
include learning and achieving a high grade indlss, which then motivates their
cognitive activities and physical actions. If twurse is well-aligned, student activities
and actions will enable both the students’ objedtito be met as well as the instructor’s

objectives for their learning.

Role: Student

Role: Instructor ourse Assignment | Topics

Course Assignment | Topics

Role
Objectives
Cognitive
Activities
Physical
Actions

Atomic
Elements

Figure 13: WAA Framework for a Stereotypical Undergaduate Course

Figure 13 shows a WAA framework that is set up atiog to the guidelines

above for a stereotypical undergraduate course. stiacture of these levels of

95



abstraction is not intended to favor any one edowicat approach over the other, but to be
general to many educational domains and to accorate@hy approach that is selected
as the most appropriate for the desired learnitgoones. There are a large number of
educational approaches that prescribe a set ofgalystions and the cognitive activities
associated with them. For example, one cognitsyeipology approach to learning
suggests students must learn production rules ghrextensive study and practice
(Anderson et al., 1995). Another approach, catl@astructionism, suggests students
must construct their own cognitive meaning by cartding physical artifacts (Papert,
1991). Both approaches can be represented witasetlevels of abstraction and
granularity.

As an example of the means-end relations, Figdrrbugh Figure 17 show
possible scenarios that may occur in a course sélbeenarios represent some of
Bloom's categories of educational objectives toashow each would be represented for

the role of the student in the WAA framework.

Role
Objectives Learn Fitts’ Law Get good grade

Cognitive \ /

Memorization

Activities

. - \ )
Physical d Verbal Recite from Make written
Actions Re? repetiton memory copies
Atomic Handout on Assignment:  Pencil and
Elements Fitts’ Law  “Recite Fitts’ Law”  paper

Figure 14: Fitts' Law Scenario for the Student at Boom's Knowledge Level
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Role

Objectives Learn Fitts’ Law Get good grade
Activities 2 N
Physical f S
Actions F\:ea Write tf:xt

: / : AN
Atomic Handout on  Assignment: Pencil and
Elements “Translate Fitts’ Law

Fitts’ Law paper

formula into prose

Figure 15: Fitts' Law Scenario for the Student at Boom's Comprehension Level

Role
Objectives Learn Fitts’ Law Get %d grade
Cognitive Relate theory to Identify Consider result
Activities application parameters relative to theory
1 1 1

] ]
Physical RI q Perform Write
Actions I ea calculation solution

[ | [ |
é}[omlc Handout on S tASS'_gnmemit_ Pencil and

ements s etermine reaction
Fitts’ Law time for a given design paper

Figure 16: Fitts' Law Scenario for the Student at Boom's Application Level
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Role
Objectives Learn Fitts’ Law Get good grade
| |
.-, . I -

Cognitive Identify theory Determine if alssumptions
Activities assumptions of thepry are met
Physical /7 4 Examine Write
Actions Rlea cases analysis
Atomic Har!dout on Assignment: Identify Perllcil and
Elements s cases where Fitts’

Fitts” Law Law does not apply paper

Figure 17: Fitts' Law Scenario for the Student at Boom's Analysis Level

3.5.1.5Populate the top left and bottom right cornershefframework

To bound the activity of populating the framewastep five of the method is to
fill in the items at the lowest and highest levafsthe means-end and parts-whole
dimensions. The elements at the highest levdi@hteans-end and parts-whole
dimensions will be the objectives of the agentgiiercourse as a whole. At the opposite
corner, the lowest level on the means-end and-pdrtde dimensions contains the
course topics (i.e., the individual items of coureatent), commonly represented as
chapters or sections of a textbook, class handoutecture notes.
3.5.1.6Populate the rest of the framework

Step six is to populate the rest of the framewaitk the appropriate elements and
their relations. This, along with the rest of thisthod, is an iterative method, requiring
backtracking and double-checking through the varigpes of relations.

Much of the information needed to populate the tamork for a course is already
available from typical course preparation actigtéthough it may not all be at a
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sufficient level of detail. When preparing a cayrthe instructor will typically set
objectives for the course, determine the courséecdto be covered and what order it
will be presented, and specify the general natbieach assignment, when they will be
administered, and what content they will coversdilsome pedagogies explicitly state
the type of cognitive activities that they are desd to induce. For example, the
constructionist pedagogy is designed so studemfaganin creating mental constructions
of knowledge (Papert, 1991).

In K-12 education, creating lesson plans is partamal practice, and these
lesson plans are defined as documenting many adlémeents that should be included in
the WAA model. The need to specify objectives tredmeans to achieve them is
particularly emphasized in definitions, e.g., “Aitten scheme prepared by the teacher
that includes the instructional objectives and rodthfor a particular functional unit or
period of instruction” (1988, p. 271). Other déftns go into more detail on the system
elements that support the objectives, e.g.,

“A plan for helping students learn a particular aeskills, knowledge, or

habits of mind. Often includes student activigsswell as teaching ideas,

instructional materials, and other resources.héstsr (in duration) than,

and often part of, a unit of instruction. Goalsl mutcomes are focused.”
(Education Reform Networks, 2004).

In other educational systems, although there areraksources of information for
populating the framework, the instructor is notayw asked to compile this information
into one representation for evaluation. Also,itigructor is not always required to
consider explicitly the alignment of course goaithwognitive activities and physical
actions. However, considering these aspects afdbese in a systemic fashion is

necessary for effective evaluation.
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3.5.1.7Identify corre spondence relations

In this step, the correspondence relations betwaerobjectives and system
goals and between atomic elements in differensrate identified. If the system is
aligned, at least one role’s objectives corresgorgystem goals. For alignment in a
typical course, the instructor’s objectives shaatdude the system goals (i.e., course
objectives). It is assumed that the student doesxplicitly attempt to achieve the
system goals, but is influenced by the instructothsit they are met. The two roles of
instructor and student are related by corresporedegiations between atomic elements
such as the course textbook, assignments, and tsnsltared by both roles. Not every
atomic element in a role corresponds to an elemesmother role, such as in the case of
a student’s personal notes taken during a lecture.
3.5.2Applying Work Action Analysis to a Course

The method outlined above to create a WAA modelbmfollowed when
modeling a course. A specific WAA for the plannemgd formative evaluation of an
undergraduate engineering course will be presantedapter five.

As noted earlier, it is possible to build a pooterhplates of typical tasks and
situations in a system. The similar patterns feld by many undergraduate engineering
courses can be part of this pool that modelersdcaw on as needed for new courses.
For example, Figures 14 to 17 portray one commatea namely, an assignment
focused on learning one concept to the differerglieof learning identified by Bloom.
The pool of templates may also serve as a mechdnrssuggesting and portraying new
pedagogies to faculty. Also, the model of a cotmsght in previous semesters can

provide much guidance on how to model that coursennew academic term.
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3.5.3Aspects of Courses Captured by Work Action Analysis

One major benefit of WAA is having a detailed anthprehensive view of the
course. This reveals how all the elements in yiséesn are related and support each
other, and ultimately how all those elements supiar overall goals of the course. The
structure of the WAA framework reveals the relasiddetween the levels of abstraction
and levels of granularity, and how the atomic eletm®nly relate to the course goals by
supporting the physical actions and cognitive @otis. This translates into very specific
guidance for the instructor, e.g., revealing tlwrat elements that are required and
ensuring that the depth of learning required feraesignments meet their learning
objectives for the course.

3.6 Comparison of Work Domain Analysis and Work Actidnalysis

WAA draws heavily on the framework of the abstracthierarchy and part-
whole decomposition from work domain analysis. Tregor difference between the two
in terms of their modeling frameworks is that wddmain analysis captures only
constraints in the environment while WAA identifiesth environmental and cognitive
constraints. This distinction is based on theedéhce in their purposes and requires the
differentiation between the types of relations usetiveen the levels in each framework.
The corresponding differences in method and moaet theen noted throughout and are
summarized in this section.

As noted in chapter two, work domain analysis repngs functions between
physical objects and goals in the levels of abstrac Functions refer to potential actions
within the work domain, but not the actual perfonoa of an action by the agent.

Elements at the level of functions aradependent of the underlying processes involved
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as well as their physical implementation” (Rasmuossteal., 1994, p. 38-39, italics
theirs). Since WAA considers the performance efdhtion by the agent in relation to
the environment, actions replace functions in amaad hierarchy to show they are
what manipulates the objects in the domain.

The inclusion of cognitive constraints in WAA regs a different type of relation
between levels of abstraction than is used in wlorkain analysis. Both frameworks are
hierarchical in nature and the nature of a hiesarslilefined by the relations between its
levels (Vicente, 1999). Work domain analysis ugtesctural means-end relations
between levels, as described in chapter two. Té@nsrend aspect of these relations
means they connect two elements where one referslésired end or goal and the other
refers to one means to accomplish that goal. Tretsral aspect of these relations
refers to them relating two items that are a phtthe physical structure of the system.

As WAA includes environmental and cognitive elenseittuses means-end
relations, but not structural ones. The agentrenment means-end relations used in
WAA show that these relations connect the cognitimestraints that immediately drive
actions to the elements of the environment thatihemfluence actions in a means-end
fashion.

Another difference between work domain analysis\&#A is how each
represents the roles of cognitive agents. Work domuaalysis has captured different
roles in one of two ways. First, separate coluoarsbe added orthogonal to the means-
end dimension where each column represents the @ariain of one role. However,
this precludes the use of a parts-whole dimensioaralysis within a two-dimensional

representation. Also, this completely separatesdles without showing how they
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interact with each other. Second, the single vadankain can have sections identified as
the responsibility of a particular role (see FigR)e This approach assumes that both
roles are working in the same work domain and isigivor the same overall goals, which
may not be the case. While this method can shogrevtwo roles overlap in a work
domain, it does not represent how they interachel\tepresenting the work domain, it
is necessary to include all the potential functionthat domain for any role. However,
actions are performed by individual agents. Inynsystems there will be sets of actions
performed by only one role, or, one role may asaigfions to another. For example,
instructors assign work to students, yet they ath loles in the system of a course. In
addition, each role may have a set of objectivasdhe associated only with that role,
such as a student’s objective of achieving a higlde in the course. Thus, while in
many cases it is possible to represent distinetsrol a single representation in work
domain analysis, WAA makes separate representdiomesach role to have its own two
dimensional means-end and parts-whole framewotks dllows the modeler to better
identify the system elements that influence a simgle. Also, while the roles are treated
as distinct in WAA, they are not isolated. Therespondence relations that exist
between the roles show how they influence eachrothe

3.7Summary of Work Action Analysis

WAA is intended to support design and evaluatiofeafning service systems by
providing insight into how the environment, physiaetion, and cognition interact in this
class of systems. WAA models are qualitative ay ttapture the elements at the
different levels of abstraction and granularityd dine means-end, parts-whole, and

correspondence relations between them. As hasrmged, WAA models do not favor
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the cognitive or ecological approaches to detemginvhat drives behavior. Rather,
WAA recognizes the influence of both environmeiatadl cognitive constraints in
shaping the behavior of cognitive agents. As sitaiows the influence inside-out of a
cognitive agent’s goals on behavior and shows thside-in influence of the constraints
of the environment on behavior. This allows the M#odel to capture both the internal
objectives and external influences that drive |legymn a learning service system.

The WAA modeling framework includes four levelsatifstraction: atomic
elements, physical actions, cognitive activitieg] agent objectives. These four levels
are based on the original levels identified by Rassen (1985) as the levels of
abstraction at which people think about their wiaidks. The specific levels used in
WAA are based on the nature of learning servicéesys and the need to capture both
cognitive and environmental constraints, as disethgs sections 3.2.2 and 3.3.1.1. The
parts-whole dimension used in work domain analygsidecompose the system in to parts
relevant for the analysis is used for the samegaepn WAA, but may be based on
natural groupings in time in addition to physicahse.

WAA also examines multiple roles of cognitive agesihce learning service
systems by definition must have at least two défifierroles of agents. This makes it
necessary to identify how the roles are related¢hvis discussed in section 3.3.1.3.

WAA can support the planning evaluation of a systkmng design to determine
how well the system goals will be met by the spedibbjects, physical actions, and
cognitive activities. The designer (or evaluaiba, different person) can use WAA to
create a representation of the system. This reptason can then be used to judge the

alignment within roles; that is, whether the atoeliements are sufficient to carry out the
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physical actions, whether the physical actionssaféicient to accomplish the cognitive
activities, and whether the cognitive activities aufficient to achieve the objectives.
This representation can also be used to test akghbetween roles via correspondence
relations. Work domain analysis has been used/fat is essentially planning
evaluation in other domains (Naikar & Sanderso®120 The similar framework of
WAA can also be used for this purpose, yet wilhare effective for learning service
systems. This evaluation can then feed back hr@alesign process to adjust the design
appropriately.

Part of using WAA for planning evaluation is makithg evaluator’'s mental
model of the course explicit. In the process okimg his/her mental model explicit, the
evaluator must confront inconsistencies in the rhadd notice parts of the model that
are not comprehensive or are missing. By goingutin a method to make a model such
as the one described in this chapter, the evalwalioactually inform his/her own mental
model of the system, leading to a better senskeokey elements in the model, their
interactions, and how roles influence each othenget the course objectives.

In addition, WAA can be used to support formativalaation of a currently
functioning system. A WAA model can be made ofgfistem before or during
implementation to serve as an interface to evaltntesystem. This interface can include
measurements taken on system elements of inteFastmeasurements can be compared
to what was expected, and if the data shows themsyis not functioning as expected, the
model and measures should reveal what atomic elsmamysical actions, and/or
cognitive activities are not contributing to thestgm goals as expected. The model can

then be used to reason through where the specdiidgm exists in the system. In this,
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the model informs the evaluator’s reasoning of tieg/system works so the measures
can be interpreted in that context. This usenslar to the use of work domain analysis
in ecological interface design described in chapter.

Another aspect of systems where a WAA could bmsight is in externally
prescribing actions. Procedures that designatersctor workers in a given situation are
used in many domains. In many work situationgpastare prescribed to one agent by
another agent being modeled or by an entity outsidenodel. For example, in
education the instructor prescribes many actionsttadents to accomplish through
distributing atomic elements such as assignmediisdents’ behavior may also be driven
by role objectives from external sources, suchamohcodes, and objectives from
internal sources, such as the joy of learning.aAalysis of the prescribed action can be
performed in relation to the atomic elements arne objectives to determine how well
the prescribed action will meet the objectives awhether the necessary elements exist in
the system. A different approach is to trace feon action to the atomic elements and
role objectives to determine how each influences dlgtion and the source of that
influence.

In developing WAA, including the model frameworle¢sion 3.2.3), a method for
creating a model (section 3.4), and showing howrtethod applies to education
(section 3.5) the first objective for this disséda “develop a modeling framework, work
action analysis, that can be applied to learnimgice systems, such as education” has

been accomplished.
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CHAPTER 4

COLLECTING EVALUATION MEASURES VIA A COURSE MANAGEMENT

SYSTEM

4.1 Motivation

As noted in chapter two, evaluation cannot be dbrmugh measures alone but
with measures and a model for interpretation. Sthecture of a system’s environment
significantly shapes and constrains behavior (Kirli995). For example, students
exhibit different behavior in a course with weeklymework assignments and four
exams as compared to a course where the only gesmdgghment is a design project due
at the end of the semester. The same is truedourse website, where student behavior
is constrained by the functions and content aviElaBven among course websites using
the same CMS, different instructors may have dfiepedagogical approaches and
choose to use different functions of the CMS. Tlius important to consider the
context of the course when performing an evaluadioth determining the meaning of a
measure.

Considering the measures in the context of thessoigrdifficult as the
measurements are typically not all collected irmte mterface. This is true of all
measurement tools implemented independently otieseovebsite, such as WebAssign,
but it is also true of many CMSs. In WebCT, foaewle, student grades are accessed
through one system component, on-line quizzes lagid esults through another, and
student paths through the material are trackedlird. There is no one interface in
WebCT where all types of measures that can befosedaluation are collected, though

this should be possible since all this data isest@lectronically in the same CMS.
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4.2 Internet-based Measurement for Evaluation

In chapter one, the use and advantages of a CNdSraef a course are discussed,
particularly with respect to the task of evaluatiddne characteristic of a CMS is the
ability to build evaluation measurements into thetem. Using a CMS for evaluation
has several advantages over traditional paper-bas#tbds. First, the Internet allows
students to be measured while they are widelyidiged temporally and geographically.
Any time students are accessing the CMS their iievwcan be measured, so that
evaluators are not tied to evaluations distribumea single class session that use class
time and cannot measure students that are ab&anther advantage is that Internet-
based measurements are collected electronicallgamtbe automatically scored and
analyzed. For example, data can be collected gfram HTML form and sent to a script
for processing and storage. Likewise, the resatsbe displayed electronically through
the web or e-mail. Finally, when a course alreaslys a CMS, it is part of the normal
course activities. Thus, electronic measuremearisbe integrated into the current work
practices.

These qualities of implementing measures througiM& would be beneficial to
a formative evaluation. Evaluation data can b&ectéd and analyzed in closer
proximity to the aspect of the system being exathswchanges can be made quickly.
Also, the time and resources required to admineteranalyze measures for formative
evaluation would be reduced, freeing the evalu@t@pend more time developing
measures or for other tasks. In the survey ofrezgging instructors reported in chapter
two, the instructors reported that their three mhjodrances to performing more

evaluation activity were the amount of time avdgafor those activities, difficulty in
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getting information from students, and a lack déetive, available tools (Nickles et al.,
2001). In addition, 89% of engineering profesgsemorted using the surveys provided

by the university or college for evaluation, thédyomeasurement to be used by more than
50% of all respondents. Often these surveys aganieand analyzed by the university or
academic unit and the instructor simply encourati@dents to participate and receives
the results. This suggests that, while they haffewty locating or developing their

own effective measures, instructors will use mesastinat are provided to them. Thus,

by making electronic measures available throughQikS instructors are already using,
practical barriers to formative evaluation can @&moved.

A number of measures were described under eadtedhtee categories
presented in chapter two. Each of these can blemgnted through a CMS to support
formative evaluation. In implementing measuresulgh a CMS, it must be remembered
that a variety of course formats may use the CMSdipport. Thus electronic measures
must be designed so they can be adapted to a wartwof pedagogical methods. Also,
measures from each of the three types should biemnemnted to support evaluation of a
variety of learning activities.
4.2.1Centralized Evaluation Component

As noted earlier, existing CMSs collect some eviadmedata, but that data is
typically not collected, automatically analyzeddamwesented in one place in the CMS.
A centralized evaluation component can be develap@dCMS so that the evaluator can
consider the results of all the measures in panalth a system model. At the least, this
interface to the measurement data can be usedjaradion with the evaluator’'s mental

model. If a representation of a model of the ceussavailable in the interface and is
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annotated with the measures, this can provide gkester support to the evaluator's
judgment. As shown by ecological interface desigted in chapter two, bringing the
model and measures together in an interface cag bignificant benefits to the task of
evaluating a system.

4.3Demonstration of Centralized Evaluation Component

To demonstrate the design concept of a centragzatliation component, at least
one measure from each of the three categoriesidedan chapter two (performance,
perception, and process) has been implemente€M% The CMS used as a testbed is
ITWeb, a CMS developed and implemented in the Sabldmdustrial and Systems
Engineering at Georgia Tech. ITWeb is writtenha scripting language PHP using a
MySQL database for data storage. It currently msa virtual domain
(itweb.isye.gatech.edu) on the Apache-based wefeisef the School of ISYyE. ITWeb is
designed to deliver an integrated curriculum wheséructors and students can see links
between topics within and between courses in thecalum (Pritchett et al., 2002).

Each measurement tool in the evaluation composetescribed below, followed by a
discussion of the centralized evaluation compomasrg whole. A description of an
earlier version of the evaluation component of I'B/é@ed its technical details are
described in (Nickles & Pritchett, 2002). All serecaptures used here to show ITWeb
are a contrived example. This is done to avoigldisng any data from students that
have not consented to participate in the ITWebae$eproject and so release their data
publicly.

4.3.1Perception Measures

As described in chapter two, perception measungsi@student opinions about
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their learning. ITWeb implements two perceptiorasges, surveys of students and
content ratings, which are described below.
4.3.1.1Surveys of Students

Surveying students is a widely used evaluation oreathat can be used in a
CMS. The first major question considered when tigieg electronically delivered
surveys for ITWeb was what elements of the counfidoeexamined. ITWeb is
designed so that topics are a primary focus andtsire of courses, thus, topics are the
level at which the evaluation system collects data.

The second major design question considered wheglaf@ng surveys in ITWeb
was whether to prescribe generally applicable sisee to provide the instructor with
tools to create their own surveys. This decisiarsibe made based on the purpose of
the surveying system. For example, if the majoppse is to compare the aspects of the
course being evaluated across topics and coulssstlie same surveys should always be
used. This implementation chose to provide théuawar with tools to create their own
surveys and providing suggested questions to ugwge surveys. Evaluators are given
the freedom to choose the same questions for evewey, or to tailor the questions to
the material.

The third major design question was what typesuefstjons and responses would
be available in ITWeb surveys. There are manycairas that can be used for survey
guestions: e.g. free form, Likert or other ratisgale, multiple choice, and true/false to
name a few. If evaluators create their own suryviheselectronic survey system should
support enough types to provide a wide range o$tipues, yet it must balance this

against the requirements for programming and datage for a variety of question
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types, and the apparent complexity, to the evatyafareating a survey. These are
balanced in ITWeb by providing three types of syrgaestions: 5-point Likert scale,
multiple choice, and free response. The Likertesqaestions allow the evaluator to
enter a statement and students are presentedivéatbifoices: strongly disagree,
somewhat disagree, neither agree nor disagree vgwemhagree, and strongly agree.
Multiple choice questions allow the evaluator téeera question and enter up to five
possible responses from which students can s&weatuators are not required to use all
five responses. Free response guestions alloevdleator to enter a question and
students may respond with a string of text.

ITWeb allows the evaluator to administer to studensurvey associated with any
topic in the course. To create a survey, the etatunavigates to the centralized
evaluation component for the course and select®fhe to be examined (Figure 18).

The evaluator then selects the option of creatingva survey for this topic. Multiple
surveys can be created for any topic. On thefaterto create a new survey, the
evaluator can select up to five questions to ineludeach survey. For each question, the
evaluator chooses the type and text of each queatid supplies allowable answers (for
multiple choice questions) (Figure 19). Also, éwaluator sets a date after which the
survey will be presented to students. The evall@o also enter the expected answer
from students, which will be used during analystame questions are also suggested for

the evaluator, and these can be chosen insteadlofator created questions.
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Figure 18: ITWeb Evaluation Component - List of Topcs
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Figure 19 : ITWeb Evaluation Component - Survey Qustions

When the evaluator submits the survey, the setangstored in ITWeb’s
MySQL database. One database table stores thereward of the survey, including
such information as the course and topic to whiehsurvey is attached, who created the
survey, when the survey should be released, amdgpsito the records of the questions.
The questions are stored in a separate table,emeq@ord. Each question record stores a
pointer back to the main survey record, the queggat, the question type, allowable
multiple choice responses, and the expected reepQrge a survey is stored in the
database, it cannot be altered through ITWeb. iBHis prevent the survey questions
from being changed after some students have tdleesurvey and before others will also
respond, thus essentially implementing two diffesamveys. Suggested survey

questions are also stored in the database and dloaive evaluator when creating a
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survey.

Once the survey is stored in the database, fivditons must be met for it to be
presented to a student in the class:

» the student must visit the course homepage,

* the student must not have responded to the suetey y

» the current time must be past midnight of the dayf@ release of the survey,

* the current time must be past midnight of the d#sr &s corresponding topic

was covered with the class, and

» if the student has been presented with the sure&yréd and clicked on “Ask

me later” rather than responding, then it musttdeast one hour since the
student was last presented with the survey.

The function to display the survey is located amiythe course homepage. The
student may be registered for more than one aled8//eb, and each class may have
surveys for the student to respond to. The dispfdiie survey is delayed until the day
after the topic was covered in lecture to paceptiogress of the course.

To display a survey, ITWeb uses JavaScript to @eew browser window in
front of the current ITWeb window (i.e., a “pop-upindow) to present the survey to the
student (Figure 20). If there is more than oneeyto be presented to students, the
survey that was released earliest is presentets Wihdow displays the survey questions
from the database and two options for studenttheltudent does not wish to respond at
this time, the “Ask me later” button delays thegaetation of this survey for at least one
hour. The other option allows students to subesponses. Either option creates a

record in another database table recording theestigd TWeb user number, the time of
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the response, the type of response (submitting enssav delay until later), and the
responses to the questions. The available resptmsie Likert scale and multiple
choice questions are presented by HTML radio bsttahowing only one response per
guestion. Free response questions are presertfednvHTML text box to enter a
response. The radio buttons on the student’s guareenot set to have a default, and
there is no default text in the textbox for frespense questions. Thus, if a student
submits the survey with no responses, they arededas having examined the survey

but their data is not included in the analysishef $urvey responses.

Anomyimous Survey - Give Your Opinion

Please respond to this survey before proceeding.
Topic: Hurman Error and Design

Ask ke Later

1. This topic helped me understand human error

C Strongly Disagree

. Somewhat Disagree

C MHeither Agree nor Disagres
C Saomewhat Agree

C Stronoh Agree

2. Please share any additional comments ahout this topic.

Submit | Ask be Later

-
i AL e e a e, P ) - PRy " i - '

Figure 20: ITWeb Evaluation Component - Survey as Bplayed to Students
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At any time, the evaluator can go to the evaluaitiderface for the topic (as
described above) and view the current resultshigrdurvey (Figure 21). The evaluation
system calculates the response rate for this surasgd on all the students that chose the
“Submit” button. Details on the responses to epabstion are then presented, including
the original question and the expected answeecidrded. For Likert scale and multiple
choice questions, the evaluation system deternia@esmany students responded to each
possible answer and calculates the percentageddrsts that responded to each answer
out of all those who responded to the questioranléxpected answer was provided, that
response and its data are shown in a green fag@ssed to black for the others. Also, a
JPEG image of a bar chart is generated to shoveponses to the question graphically.
For the free response questions, the question)getted answer are displayed, along
with all the unique responses by students. A wageXpression is used to compare each
student answer with the expected answer, testiygfonan exact match. If there is an
exact match, that response is displayed in a dmegn Also, a regular expression is used
to compare each student answer with each othéindgder an exact match. Each unique

response is listed with a count of the number wdeits that gave that response.
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Topic: Human Error and Dexign
Survey Analysis

Survey
Response Fate: 204 (50%)

Ivfm: 4
i 3=
Median 4

]

Choices:
1:0 (0%
20 (0%
3.0 (0%
&4 2 (100%)
500 (0%) 1 2 3 4 5

4 Stronly Disagree - Strorgly Agree )

Question 1: This topic helped me wnderstand human error

Responies

,_
|

Que!ﬁnh 2: Please share ANy additonal comments about this topic Rtsp Onges:

Figure 21: ITWeb Evaluation Component - Survey Redlts

This data and analysis is presented in “real tirttegt is, all responses up until the
time the evaluator views the survey results interfaill be displayed. Also, no
information linking individual responses back tdividual students is displayed to the
evaluator; the survey results are presented anonsigno
4.3.1.2Content Ratings

In addition to surveys, students can give feedlmercthe effectiveness of the
electronic materials attached to each topic. phiwides a means to examine the
student’s perception of the topic material as ale/imoa way that is less intrusive than
surveys. The content ratings employ the questidansidering everything, how do you
rate the effectiveness of this material?” The stuaan respond to this question with one
of five responses: very ineffective, ineffectiveyity effective partly ineffective,
effective, and very effective. Using the same tjaesand rating scale allows

comparisons to be made between the material use@fious topics. While this method
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of measurement is less intrusive than the sunstydents must take the initiative to rate
the material so there is greater potential for hiag for a lower response rate in the
content ratings than in the surveys.

When entering a new topic, the instructor can dedther or not to allow students
to rate its materials. This setting is on by d#fand can be changed at any time by the
instructor. When it is set on, every time a studézws the page for a single topic, a
colored box is also displayed allowing the studenespond to the content rating
qguestion (Figure 22). A group of HTML radio butsoare used to allow only one rating
to be selected, and no response is set as thdtdefdiauen the student clicks the “Submit
Rating” button, they are taken to an interface wtbey can confirm their selected rating
(if they selected one) and are provided with an HLTigkt area where they can leave text
feedback for the evaluator about this material f@g23). The purpose of this is to
provide students with a way to express what aspddtee material were helpful or not
and why. Students may choose to either “Just SuRating” or to “Submit Rating With
Comment.” When the student clicks a submissiotobutn this interface, ITWeb stores
this rating and any comments in a database tdtdeh record includes the user number
for the student, the identifying number for theitophe rating, any comments the student
made, whether or not this rating is the “activdaing, and a timestamp. A rating that is
“active” is the rating that was last recorded hig gtudent for this topic. Students may
rate topics multiple times and each is stored endatabase; however, only the latest

rating is included in the analysis for the evaluato
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Human Error => Human Error and Design

Human Error and Design Rate Me!

Considering eventhing, how do you

File(sy: HumanEmorAndDesign ppt ~ :
: d rate the effectiveness of this material?

Linki(s): -
T Very Effective

Dhate to be Covered, Salurday, March 200n, 2004 o EHPCTNE
T Partly Effective, Partly Ineffective
" Ineffactive

" Vary Ineffective

Subarmat Flaling |
(Only the last rating you submit is
siored)

Figure 22: ITWeb Evaluation Component - Topic Ratirg Box

IT Web Rating System

T ou have rated the item titled Topic: Human Error and Design as Effective

Just Submit Rating |

Would vou like to leave an anonymous comment for the creator of this tem?
Additonal Comments:

submit Bating Wyith Camment

Figure 23: ITWeb Evaluation Component - Topic Ratirg Comments
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At any time, the evaluator can view the currenttssof the content ratings in the
evaluation system. Similar to the Likert scale andtiple choice questions in the survey
results, the number of responses to each ratirey ée presented as a bar graph (Figure
24). In addition, the minimum, maximum, and mediatings are calculated and
displayed (Figure 25). Student comments are displ@along with the date they were left
for the evaluator. Like surveys, all responsespaesented anonymously to the

evaluator.

Histogram of Ratmgs:

P
|

PEsponees

._.
|

1 & 5} 4 o
o Wery Treffective - Weruw Effective »2

User Comments
Comment Date

Order of the shdes could be more logical 0373172004
cicin't flow well, maybe re-crgamre? 0313172004

Figure 24: ITWeb Evaluation Component - Rating Reslis Graph and Comments
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Topic: Human Error and Design
User Hating Analysis

Summary Statistics
Queshon Considermg everythmg, how do you rate the effectivensss of this matenal?

statistic Value
Total Eabtngs on this item 3
Min FPartly Effective, Partly Ineffective
Wax Effective
Median Partly Effective, Partly Ineffective

Figure 25: ITWeb Evaluation Component - Rating Reslis Response Summary

4.3.2Performance Measures

In addition to perception measures, ITWeb faciiathe collection of
performance measures in the form of student assstsmin addition, ITWeb has a
separate component, the gradebook, for delivessgaments and grades to students.
The gradebook is not integrated with the evaluat@mponent and is not anonymous,
but it is useful for evaluation. The following $ens describe the mechanism for
administering ungraded student assessments ampulatiebook.
4.3.2.1Student Asse ssments

Assessing student learning is one type of perfoo@aneasure that can be
implemented in a CMS. The design of student ass&ss in ITWeb is very similar to
that of the surveys. As with surveys, each assestsexamines one topic. Also, like
surveys, ITWeb instructors have tools to creaté then assessments. There are no

suggested questions provided with assessmenter@sdan be a wide range of subject
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matter and desired levels of learning in the cautsing ITWeb.

Assessments differ from surveys in the types ottjaes they require. For
example, questions with rating scales are likelyappropriate for assessing student
learning. Thus, three types of questions wereeanésr student assessments in ITWeb:
true/false, multiple choice, and free responsee ffine/false questions allow only one of
two possible responses (true or false). Multipleice questions allow the evaluator to
enter a question and up to five possible respdingeswhich students can select.
Evaluators are not required to use all five respeng-ree response questions allow the
evaluator to enter a question and students maymneswith a string of text.

The implementation of student assessments in ITM/similar to that of surveys.
To create an assessment, the evaluator goes tentralized evaluation component for
the course and selects the topic to be examinéd. eValuator then selects the option of
creating a new assessment for this topic. Thefate to create an assessment is similar
to that used to create surveys. The evaluatoczate up to five questions to include in
each assessment, including setting the type andidimg allowable answers and the
correct answer (Figure 26). The evaluator alse aelate after which the assessment will

be presented to students.
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™ Do not include this question
Select Answer

. o .
~ TrusiFalse Enter Cueshon Mone
[ T True
" False
Enter Chueshon

1'-‘-.-'hu:h af the following iz cormact? Select Answer

i = Hane

= - Eesponses: =
" Multiple Choice 1 lﬁﬂ accicden imvestigation is to assign blame 1
(Enter your cwm = ; e {5
> & [nately, one paerson 13 respansicle tor an accdent =
responges) - 3
3 |Errors are shweys the user's fault e 4
4 |E.'n:|r3 are always the designer's faul ==

5 INnn= ofthe mbove

" Free Eesponse Enter Queshion Type Anewer
(Typed answer) J |

Figure 26: ITWeb Evaluation Component - Assessmerpuestions

When the evaluator submits the assessment, thiegsettre stored in the ITWeb
database in different tables than those for sutv€yse database table stores the main
record of the assessment, including such informai®the course and topic to which it is
attached, who created the assessment, when itcsheukleased, and pointers to the
records of the questions. The questions are storageparate table, with the question
text, the question type, allowable multiple chaiesponses, the expected response, and a
pointer back to the main assessment record. lLikeegs, once an assessment is stored
in the database, it cannot be altered within ITWeb.

Once the assessment is stored in the databassgrtteefive conditions that are
used to determine when to display a survey are tesddtermine when to present an
assessment. Only one survey or assessment iaybspdit a time to the student. If there

is at least one assessment and at least one stireegssessment associated with the topic
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with the oldest coverage date is selected.

When these conditions are met, ITWeb uses Javd3orgpen a new browser
window in front of the current window displayingWeb (i.e., a “pop-up” window)
(Figure 27). This window displays the questiomsrfrthe database and two options for
students. If the student does not wish to res@dniis time, the “Ask me later” button
can be used to delay the presentation of this sisead for at least one hour. The other
option is to submit the student’s responses t@tlestions. Either option creates a record
in another database table containing student reggonRecords in this table record the
student’s ITWeb user number, the time of the resppthe type of response (submitting
answers or delay until later), and the responsésetguestions. The responses to the
true/false and multiple choice questions are pteskensing a group of HTML radio
buttons, requiring only one response from studeRtse response questions are
presented with an HTML text box to submit a resgonghe radio buttons are not set to
have a default, and there is no default text inétébox for free response questions.
Thus, if a student submits the assessment witlesponses, they are recorded as having

filled out the assessment but their data is nduded in the analysis.
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Error | Gradehook |

Hon-Graded Quiz - Test Your Knowledge

Please respond to this assessment hefore proceeding.
Topic: Human Error and Design

Ask Me Later |

1. Which of the following is correct?
' an accident investigation is to assign blame
. Liltimately, one person is responsible for an accident
' Errars are always the user's fault
' Errors are ahways the designer's fault
' Mone ofthe above

Submit Ask be Later

-
i [ T T TN R Fa— L PR i = )

Figure 27: ITWeb Evaluation Component - Assessmeras Displayed to Students

At any time, the evaluator can go to the interflaeehis topic in the evaluation
system (as described above) and view the currenttsgfor this assessment (Figure 28).
The evaluation system calculates and displaysasigonse rate for assessments. Details
on the responses to each question are then prdsardeiding the original question and
the expected answer. All results are presentedyemously. For true/false and multiple
choice questions, the evaluation system displaysitimber of responses for each
allowable answer and the percentage of studentsatponded to each. If an expected
answer was provided, that response and its datshasen in a green font as opposed to
black for the others. Also, a bar chart is gersetat a JPEG image to show the
responses to the question graphically. For therhesponse questions, the question and

expected answer are displayed, along with all thque responses by students. A
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regular expression is used to compare each stagemter with the expected answer,
testing only for an exact match. If there is aaa»match, that response is displayed in a
green font. Also, a regular expression is usezbtopare each student answer with each
other, testing for an exact match. Each uniqueaese is listed with a count of the

number of students that gave that response.

Topic: Human Error and Design
Assessment Analysis

Assessment
Eesponse Bate: /4 (100%%)

Choices:

10 An acoident investiganon -0 (0%4) ¢
15 to assign blame
2: Thmately, one personiz -0 ((%4) ™
Question 1: Which of the responsible for an accident i
followng 15 correct? 3: Errors are always the -0 (0f) 2 ¢
A &
uger's fault i
4: Errors are always the -1 (23%6)
designer's fault
¥ None of the above -3 (73%%) 1 z 3 4 5

Figure 28: ITWeb Evaluation Component - AssessmerResults

In engineering education, many questions usedsesasstudent learning will
result in a numerical answer. If evaluators wisintlude these questions in an
assessment in ITWeb, they may do so in one of tagsw First, the evaluator can
determine the solution to a question, predict commdstakes made by students and the
solutions resulting from those mistakes, and inc@afe those as alternate responses to a

multiple choice question. Thus, the evaluator s=&how many gave the incorrect
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answers to determine which errors students arengakihe second method is for the
evaluator to display the question as a free resgpqusstion, allowing students to input
the result of their calculation. This does notm@istudents with a set of answers, so they
will answer what they truly calculated. Howevence the evaluation system searches
only for exact matches, the evaluator will needxamine all unique responses to
determine if they do not match the answer but areect with discrepancies, possibly

due to round off error or numerical precision,fahey do not match and are incorrect.

As with surveys, this data and analysis are avialab‘real time,” that is, all
responses up until the time the evaluator viewseéhalts will be displayed. Also, no
information linking individual responses back tdividual students is displayed to the
evaluator; the results are presented anonymously.
4.3.2.2Student Grades on Assignments and Tests

The gradebook component stores all student gradedi assignments that the
instructor has entered. Statistics such as themam, maximum, average, standard
deviation, quartiles, and percentiles (by tens)cateulated for each assignment for the
entire class and presented to the instructor.hi&ttime, this information is not integrated
with the evaluation component. Also, the inforraatis necessarily not anonymous.
However, grades can provide valuable informatiarefaluation.

There are three types of grades that can be manguLin the gradebook:
assignments, peer review grades, and compositegradkssignments are intended to be
used for any homework assignment, project, testtloer typical graded assessment of
students. Peer review grades are grades assowititestudents’ comments in the peer

review component. Composite grades are gradesitbatalculations of other grades,
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such as averages of all homework assignments.

There are two views of the gradebook availabl&oinstructor, the calendar
view and the spreadsheet view. The calendar viegu(te 29) displays all the
assignments in the course in the order in whicli &#ve due. This allows the instructor to
see the order of the assignments and their dus daltdive to each other. The
spreadsheet view (Figure 30) displays all the assemts in the course in columns, all
the students in the course in rows, and all thdegan the intersecting cells. In both of
these views, as in all parts of the gradebook,stmgent’s name, any assignment, peer
review grade, or composite grade name, and aljaable grades are links to pages

displaying information specific to that item.

Time Time Grade: Assignment Solution

Assignment o oleased Due avg(N)  Files Flles =2
030604 0341304 o Faadthe
.I'.I
HYW 1 090000 050000 ?413 22 homewark( 1 dog — instructions
AN P carefull.
H 2 080000 050000 ( _,[] homework(2 doc --
A F M
HW 2 - (Paear 7833
Rieview] i)
03/21/04 03/28/04 B8 75
Hvy 3 08:00.00 05:0000 d’? " homeworkD32 doc -
A F I
HW 3 - (Paer
Review) (0)
03530048 0373004
Exam 1 05.00:00 050000 ()
FPr Fia
I‘:l_'ll'll:l.-\.l_ll | _u'r'g 34
Average {4)

Figure 29: ITWeb Gradebook Component - Calendar Viev
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Key: -- = no grade assigned

HW 2 - HW 3 -
¥ Name HW1 HW2 peer HW3  Peer E"‘f’" Name H:““W“"“
Review Review verage
| Doe, John 8500 9000 5667  75.00 - . Dos 8887
2 VANOVIEN. 8500 75.00 7000 70.00 - . Ivanovich 7667
NCKeS. 7000 8500 9333 B5.00 - . Nickes 7333
4 5NMOR. 7500 90.00 9333 65.00 - . Schmoe 7667
8125 8500 7833 6875 . 8
Averages : (O (O 7834 (4
® @ @ @ @ OO G

Figure 30: ITWeb Gradebook Component - Spreadsheéfiew

When the instructor clicks on the name of an irdlrall student, a page is
displayed showing all the grades in the systenthfar student (Figure 31). From here,
the instructor can get an overview of this studepérformance. If the grade for an
individual student is clicked, the instructor cae sletails such as the files that student
has submitted, any comments the student has retthéanstructor, the currently assigned
grade, and any comments the instructor has lethfostudent (Figure 32). The
instructor can set or change the student's gradiéeane comments on the assignment for
the student (Figure 33). Also, on this page, tistructor can override the default dates
for this assignment just for this student and ah@ modify the grade or comments for

the student (Figure 34).
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| — | 1
Student Details :I

Student Nickles, George

Assignment Grade
HY 1 7000
HWY 2 85.00
Hi' 2 - Peer Review 93 .33
Hy 3 65.00
H' 3 - Peer Review --
Exam 1 -

Homeworlk Average 7333

. . A

Figure 31: ITWeb Gradebook Component - Single Stud# View

Grade Details _I

Assignment HwW 2
Student #3 Mickles, George
Grade 85 .00

Submitted Files b2 nickles doc
Submitted Links -

Student
Comments
Instructor
Comments
. . Tuesday, April 20th, 2004
Time Submitted 02-16:10 BM
Feear Review Comments on this assignment

. . -

Figure 32: ITWeb Gradebook Component - Single Gradé&/iew
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Grade:

IEIE 0n

Modify your comments

CAUTION This permanentty replaces informalion

Submit Grading Changes |

Figure 33: ITWeb Gradebook Component - Modify a Grale

Field Default Date Date Within This Student

Time to Release Sunday, March 14th, 2004 |3 =]/ |14 =]/ |2004 7]
Assignment 080000 AM g = [o0 =]

, Sunday, March 21st, 2004 [3 =]/ [21 =]/ [2004 5]
Tingle 05:00:00 PM 77 =] [0 3]
Time to Release Sunday, March 21st, 2004 (3 =]/ |21 =}/ | 2004 =]
Solutian 050000 FPM |‘|? "-"I ||:|[| v']

Submit Date Changes |

Figure 34: ITWeb Gradebook Component - Modify a Dagés for This Student
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When an assignment name is clicked, the instrwanrview the settings for that
assignment, all the current assigned grades, anchauy statistics on the grades. Also,
the instructor can assign all the grades for thesmat once (Figure 35). To create a
new assignment, the instructor can click on the@mate link. This takes the instructor
to a page where all the settings for an assigncembe made (see Figure 36). Some
items that can be set for an assignment includéldseassociated with the assignment,
the date the files associated with the assignméhb&made available to students, and
the due date. In addition, topics in the courselmaassociated with this assignment as
the topics it covers. Modifying an existing assigmt is done through this same

interface.

# MName Grade MNew Grade Key:
— N0 graae 393|3I"‘!E‘-ﬂ

1 L0e, gufl (i a0 00 = files submifted

Jonn
T @ tirme to release assignment overiden
anmach, 7500
2o 2. IT-'E oo Enme assignment due ovarriden
=y K
Mickles 500
g Nickies,  89.00 merg
Gaorge e

. Schmoe, 90.00 _
4 < " |,'=|n 0o

LIEdatn Grades J

E tirne 1o release submission avernddan

Figure 35: ITWeb Gradebook Component - Set All Asginment Grades
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Field Current Value Enter New Value

Title Hw 2 Hiay 2

Time Sunday, March 14th, — = = — =

Relessed 2004 03.00 00 AM - [ KKN- T PR B O B
|3 =/ 21 =/ j200a 7] [17 =] [o0 =]

. Sundey, March 21st, . : worva -1,

Time Due 2004 05.00-00 PM Chaning tha Due Dale will override all individually sef dua
dates

Tmeto ooy Marcnziey, S /(2 E/ (00 [vE-Jo@

Release 20104 05-00-00 PM Chaning the Release Time will override all individually sef

Solution - M e release dales

Allow Late

Submissions N T Yes

from All & Mo

Studenis?

A_sialgnm@rﬂ homework02 doc  -Delets | Browss..

File(s)

Assignment URL: hitp:./q

Link{s) Caption |

Figure 36: ITWeb Gradebook Component - Create and Mdify Assignment

Peer review grades are based on students’ commednits the peer review
component. In the separate peer review compotteninstructor can allow students to
comment anonymously on each other’s assignmentisslams. The instructor can
assign a grade to each student comment and leasgtbdek for the student who wrote the

comment. Peer review grades can be assigned graldebook based on:

the total number of comments students left, dividgd& (where X is an

integer supplied by the instructor),

» the total number of comments left, up to a maxinwatae of X, divided by
X,

* the sum of the comment ratings, using the highesbrdments,

* the sum of all comment ratings,

* the average of all comment ratings, using the lEgRecomments, and
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» the average of all comment ratings.
This grading method is applied uniformly to alldgats. When the instructor clicks on
the name of a peer review grade, ITWeb displaystineent grading method, summary
statistics, and the individual students’ gradegyFe 37). From here, the instructor can
go to the page to modify the grading method andtimemary statistics that are presented

to students (Figure 38).
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Grading Medhodd

Assignment HW 2
Peer Comment Grading Meathod Average of Top X Comment Scores
Mumber of comments X (if applicable) 3
Show Average 78 33 Visible
Show Standard Deviation. 18.15 Mot Visibile
m{;’ 1%53?3 Mot Visible
Cluartile 1; 63.34
Median 8166 Mot Visible

(uartile 3: 93.33

Key: - = no grade assigned

¥ Name [L;E:rﬂi‘:m”:frﬁ;‘::m Peer Comment Grade
1 Dioe, John 10000, 70 00 S6.67
2 Ivanovich van 80,00 70,00, 60 00 T0.00
3 Nickles, George 100.00, 80.00, 100 00 9333
4 Schmoe, Jog 10000, 100.00, 80.00 93.33

Key: -- = no grade asslgned

Figure 37: ITWeb Gradebook Component - Peer RevieWsrades

136



Modify Peer Review Grading —I

Peer Review Grading Method for HW 2

Grading Method:
I P = 1
| Awverage of Top A Comment Scores 7|

Humber of Comments {if applicable):

E

Grade Summary Statistic Visibility
Average M visible to students
Standard Deviation I visible to students
Min and Max values I visible to students
iAuartile 1, Median, and Quartile 3 T visible to students

Submit Grading Method Chaice | -

. : =

Figure 38: ITWeb Gradebook Component - Modify PeelReview Grading Method

Composite grades allow the instructor to createadeyby selecting other grades
in the course and combining them according to &hffierent sets of rules: sum, simple
average, proportional (bounded to 100%), and ptapa@l (unbounded). Sum grades
take the sum of all other selected grades. Siengeage grades average all selected
grades, weighing each equally. Proportional gradless the instructor to specify a
decimal proportion for each grade selected, andegrare multiplied by their associated
proportion and then added together. Proportioredes that are bounded to 100%
require the instructor to ensure that all the detipnoportion values add to 1.00.
Unbounded proportional grades do not enforce #usirement. Composite grades can

be calculated based on any combination of assighgrades, peer review grades, and
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composite grades. An algorithm checks composade&s whenever one is created or
modified to ensure there are no circular referelfices a composite grade that has to
calculate its own value for another composite gtagfere it can calculate its own value).
When the instructor clicks on the title of a compograde, the settings for that
composite grade are displayed, along with summatisscs and the calculated grades
for every student (Figure 39). To create a newpmsite grade, the instructor can click
the appropriate link and go to a page with allgbagings for the new composite grade
(Figure 40). Sum and simple average grades gev@siructor the option of dropping
each students’ lowest graded item before calcigahe grade. Modifying an existing

composite grade is also performed through thisfate.
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Composite Homework

Key: — = no grade assigned

i : Aveinge # Name Grade
Type i;@g; . {Doe.John 8667
\isible to 2 lwanowich, van 7687
Students O 3 Nickles, George 7333
Brnse HW 1 4 Schmoe, Joe 7667
included j:ﬁ f: Key: -- = no grade assigned

Average 7824
standard

Denqation 578
Highest 86 &7
Lowest 73 33
Ciuartile 1
(25%): 75.00
Madian: 76 67

Cuartle 3
Hrace (Fo%) 8167
Sumimary Parcantiles
10%: 0.00

Figure 39: ITWeb Gradebook Component - Composite Gade View
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Modify Composite Grade Settings

Item Current Value New Value

Homework
Average

Title |H armework Average

& Simple Average

" Proporbional (restnicted to
Typa Simple Average 100%)
Proportional (unrestricted)
Sum
Yes
M
Average
HighestiLowest Scores
Standard Deviahion
Ciuartles
Fercantlas

Visible to Students Yes

Grade Summary

Drrop Lowest Grade
(Droes not work for Mo
Proportional)

Yas
Mo

20 O3 0%" 5 55

Grades To inchuis

Proportion
(if Proportional Grade)

Exam 1 I Include [0.00
HW 1 F Include [o.00

Assignment Include

Figure 40: ITWeb Gradebook Component - Create and Mdify Composite Grade
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There are two other functions that instructors pariorm in the gradebook:
setting default options and exporting the gradessignment settings have defaults
specified on the Defaults page (Figure 41). Whaintee defaults apply to all new
assignments created after that time and until dieults are changed again. Second, the
instructor may want to export all their gradesTiiMeb to a file that can be read with
spreadsheet software. The Export Grades pagesatlminstructor to download a file in
comma delimited format (commas separate valuesfdhaws the rows and columns
format of the spreadsheet view in ITWeb. This tgpéle can be opened with most
spreadsheet programs. It is not possible to ingdgta file to the gradebook at this

time.

Modify Default Values for Assignments _I

Field Value
Feer Review I Include in Peer Review Tool
Wisibility M isible to Students

W Total Number of Graded
Assignments

Grade Summary M Average

Statistics " Highest and Lowest Grades
™ Standard Deviation
™ Cuartiles

=Submit Changes | o

Figure 41: ITWeb Gradebook Component - Default Sethgs
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Students have a separate display of the gradebabkrits the student to view
only information related to that student. Studesets an overview of the assignments,
peer review grades, and composite grades in thesedbigure 42). Students can click
on an assignment title and see information thavalable according to the assignment
release and due dates (Figure 43). If it is culyexiter the release date and before the
due date, students upload their submissions fasaignment on this page and can leave
comments for the instructor. If the due date ressed, the student can see the files
submitted, their grade, any summary statisticslabks, and any feedback the instructor
left. If the release date has not arrived, thdesttican only see that the assignment exists
and the date it will be released. Peer reviewggahd composite grades can also be
clicked to view details, but students cannot sulamit files or information on these

displays (see Figure 44 for peer review and Figdrér composite grades).
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_' ' =

_ Time
Assignment Grade , ...
03/06/04
HY 1 7000 55.00:00 AM
03/14/04
HwY 2 8900 5. 00:00 AM
HW2-Peer  gq 4
Feviawy
03/21/04
HWY 3 5900 5. 00:00 AM
HWW 2 - Peer
Feviawy -
03/30/04
Exam 1 - 05:00:00 PM
Homework 721 94
Average

Time Due

(03/13/04
05:00:00 Ph

03/21/04
05:00:00 PM

03/28/04
05:00:00 PM

03/30/04
05:00:00 PM

Time Solution
Available

03413104
05:00:00 PM

03721704
05:00:00 Pk

03/28/04
05:00:00 Pk

03/30/04
050000 Pk

Figure 42: ITWeb Gradebook Component - Student MainView
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Time &vailable
Time Due

Time Solution Refeasad

Late Submissions Allowed
View Assignmeant
View Assignment Links

Instructor's Assignment
Comments

Topics Associated With This
Assignment

Student Comments
View your submitted file(s)
Wiew your submitted link{s)

Last Update

Your Grade
Instructor Comments to You

Grade Stanstics

View Solution

HW 2

Sunday, March 14th, 2004
08:00:00 AM
Sunday, March 27st, 2004
050000 PM
Sunday, March 21st, 2004
05:00:00 PM

Mo
hormenworkl 2 doc

Procedures
Frocedure Following
Proceduras and Roles of
Humans
Fraflight Inspacbhon Expernment

hw2_nickles doc

Tuesday, April 20th, 2004
031610 FM

85.00

Total Assignments Graded 4
Average. §5.00
Std Dey. 707

Figure 43: ITWeb Gradebook Component - Student Asginment View
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Peer Review Grade Details

HW 2 - Peer Review

Your Grade 9333
: Average of Top X Comment Scores
Grading Method VWhere ¥=3
Your Comment Scores 10000, 80.00, 100.00
Class Statistics Average 7833

-

Figure 44: ITWeb Gradebook Component - Student PeeReview View

Composite Grade Details

Homework Average
Your Grade 7333

Average 7834
Standard Deviation: 578

Class Statistics

Figure 45: ITWeb Gradebook Component - Student Compsite Grade View
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4.3.3Process Measures

As noted in chapter two, when some or all aspdciscourse are administered
through the Internet, student interaction with @S becomes a normal part of course
activities. In courses that use a CMS, studeetattion with the system can be recorded
automatically and quantitatively for analysis. Guoairce of information that is readily
available is the web server log. Details are givetie following sub-sections on using a
web server log to measure interaction with a CMS.
4.3.3.1Contents of the Web Server Log

The World Wide Web is based on the concept of @wce (a client) requesting
information from another (a server). Web serveslage intended to monitor access to
the files on the server. When a client device.(@glesktop computer) requests a web
page, or any other type of electronic file, it seadsignal through the Internet requesting
the server to send the data for that file. Evaneta file is requested from the server, a
one-line entry is added to the end of the log,dsity called a "hit." One hit to a web
page can result in several files being requestad the server, as the page may have
images or script files it must also request to ldigproperly. The large size of the server
logs generally requires them to be analyzed autoaibt and many software programs
are available to analyze these for statistics asdmow many times a single file has been
accessed.

For the purpose of evaluating the use of a webeb@d4S, there are three
important items of data recorded with each hitimlbg: the requesting Internet Protocol
(IP) address, the date and time of the requestthanfile name and directory path. The

IP address is a unique identifier for each devigeently connected to the Internet, which
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identifies the device, typically a personal computeat requested the file. The date and
time record when this request took place (to tlvese, according to the server’s internal
clock) and can be used to sequence the requestsafgingle IP address. The file name
and directory path identify the file that was resfed.

It should be noted that web servers can delivertgmy of data, including web
pages that are not related to a CMS. If the sdoggis to be used, the data must be
filtered to only include the entries related to @S (Randolph et al., 2002). Also,
individual students may use one of several computea lab or access the site from a
dorm room. Thus, a single IP address cannot bettlirassociated with a single user.
Although a student cannot be consistently matcheddingle IP address, it can be
reasonably assumed that a series of hits fromPreltiress very close to each other in
time with large gaps of time (e.g., at least thidysixty minutes) separating these series
from each other mean one user was accessing thatevfilom that one computer for one
series. One such session is referred to as d™{isgram, 1999-2000). If users are
required to login to the system using an individaaount, then all the hits and visits for
the website can be exactly matched to individuatsisin a record of an individual's
login to the system, the IP address from which tieeyest files from the server and the
time of the login can be recorded. The time andd&ress are then matched with the
server log to determine exactly what students exachi
4.3.3.2Web Server Log as a Process Measure

A process measure based on the web server logpdaslvantage of exhaustively
capturing all the interactions with the web serugigontrast to process measures such as

student time cards and written surveys about welnsieé. This ability to objectively
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capture every interaction is a significant improeetover other methods of collecting
process measures in that it does not rely on tiaxice of human observers or
participants to record all actions, and it providesre details than can often be gained
from time cards or surveys. Also, the authorseelgmces and the literature (e.g.,
McNulty et al., 2000) have shown discrepancies betwwebsite use reported by
students and interactions recorded in the serger The server log may be considered
the more objective of these two sources of prooesssures.

Another advantage of using the server log is tbatesbehavior that cannot be
collected practically in traditional instructionrche captured through the CMS. In
courses that use a CMS, several measures canleeted| including what time and for
how long students access course content (suclctasdenotes). Measures of time will
still be imperfect as students may shift to otlasks and then back to the CMS while still
logged in or may download material and review ftlimfe. With a web server log some
frequency measures can be collected, such as hew @durse content or feedback on
assignments are accessed. Also, if students mbstistheir work to be graded through
the CMS, the time it is submitted is recorded, tdgimg an upper bound on the time the
work was completed. Similarly, if the student catrieve grades and feedback on
assignments through the CMS, those interactionalacerecorded in the log.

A number of student behaviors while accessing et sites can be quantified
from the web server log (Ingram, 1999-2000; Rah&ildarjalainen, 1999). First, the
number of individual hits on a single web pageilerdan be determined. This gives
some indication of how frequently students are uiemand reviewing resources

available through the CMS, such as course contehfeedback on assignments.
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Though it does not absolutely capture whether @aikidual student has seen the
available content (for example, students can aequopy of the content from other
students) a problem can be indicated if there arg few or very many hits, especially
for content that can only be accessed throughritegret. In addition, when the files
with course content that are covered by each assighare known in the system, the
percentage of files hit for each assignment caddbermined to estimate how much of
the material students have covered. Some analgsigstimate the number of visits to
the website and the amount of time spent duringigig which can indicate how
frequently students are interacting with the CMSléarning activities.
4.3.3.3Inferences About Learning from Web Server Log Data

Since all process measures only capture physitiahac not the implied
cognitive activity, the evaluator must make infaresmas to what cognitive activity is
taking place that drives the physical actions. tige of a CMS in education will result in
particular types of interactions and cognitive dttithat are distinct from interactions
with other types of websites. One inference ismieaning of a hit on a file, which
typically means that the user retrieved and viethedile. Thus, a hit on a content file
generally implies that the student has lookedsatdintent at least once, although that
may be at some time after downloading it. Addialby if the content is only available
through the CMS, it is assumed that the studenhbaiseen the file before the first hit.
This may not always be true as students may coldgtorganize and arrange for one
person to download the file and print multiple @i Another inference is that the vast
majority of the duration of a visit to the websidime spent in course activities. Again,

this may not be true as students may shift to dtedes during that time. While
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imperfect, these measures can be extracted framnvardog and judged accordingly by
an evaluator.
4.3.3.4Quantifying Student Behavior from Web Server Logs

Web server log data must be examined in the confaxdw the technology is
used, as discussed in chapter two. In one studgdacational website that teaches
children to program collected a log of studentrat&ions while programming
(Bruckman et al., 2002). It was found that timetask in programming, as determined
from the interaction log, is significantly correddtwith programming performance.
While this was not a web server log, it directlgaeded the activity of students and
accurately indicated the amount of time spent ek.tgAnother study showed that
university students who actively used an onlinegtiwol before exams had higher
scores on the exams than those who did not useahéGrabe & Sigler, 2002). This
was an interactive tool available only throughwebsite, so the measure essentially
captured the physical actions of students. A odlett study of student interaction with a
Web-based learning module showed that time onwaska strong predictor of student
learning (Taraban et al., 2001). In this studydehts were only able to access certain
information through the Web-based module and tiregrwas timed by a login function.

While these studies show a relationship betweatesitiuiearning and data that
can be gathered from logs, especially web sergg, lall the learning tasks studied
required that the physical actions be performed tie technology. This condition will
not be true when a course website is only usedstethinate information to students.
For example, if all the course content is availatléhe beginning of the semester on a

course website, a student could download all tiiéezd on the first day of class and
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never visit the website again. Learning would tpleee as the student reads and reviews
the notes off-line. This is a very different coxitor use of the technology and so the
meaning of the data collected from web server tagst be changed accordingly. This is
also seen in the literature. An exploratory sttitht examined various factors that could
impact on-line learning found a strong correlato@tween the total number of hits on the
course website from individual students and thesarage grade for the course (Comunale
et al., 2001-2002). A regression analysis incluié¢al number of hits within the website
as the main explanatory variable for the averagdefor one course; however,
individuals' GPA information was lacking for thisurse and was the major factor in a
regression analysis of another course that wasestudn this case, the website appeared
to be used for both activities requiring littleemction with the website, such as
distributing content files, and for interactivefieig activities such as a discussion
board. Another study examined both data acroswltwde course and divided the data
for the course into three time periods correspantirthe three exams (McNulty et al.,
2000). When examining data for the Web Forum seatf the website in aggregate, it
was found that, among the 1/3 of the students thighhighest grades, there was a
positive correlation between number of visits tis $ection and final grade in the course,
while no such correlation was found in the 1/3tafients with the lowest grades.
However, when the average length of each visit nwedine website during each of the
three time periods was compared to grades on tmespmnding exams, there was a
strong negative correlation for the first exam andoderate correlation for the second.
This means that students with longer visits tertddthve lower grades on the first two

exams. This result may be explained by the naifitiee website. The Web Forum
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section of the website is an interactive activitgttcan only be performed while on-line.
Thus, server log data related to interaction whttt inodule measures the amount of
physical actions used in learning, and a positoreatation between physical actions of
learning and performance should be expected. Hewewch of the rest of the website
consists of content that can be downloaded andedaif-line. In this case, students are
not necessarily interacting with the content wlolgged on to the website, so the
measure of average time per visit may not be mgé&rim examining physical actions in
this context.

4.3.3.5Implementation of Web Server Log Measures

ITWeb is installed on a virtual server, which alkthe web server software to
create a server log that only includes files retpeefor ITWeb. This eliminates the need
to filter out data not related to ITWeb.

Another feature of ITWeb is the login system, whigtces users to identify
themselves in order to use ITWeb. The login sysi&tinguishes between the types of
users (e.g., student and instructor), and allowssto the parts of ITWeb for which that
individual user is authorized. When a user log®ilTWeb, they provide a username
and password (Figure 46). This combination itksigainst the usernames and
passwords stored in the database. If the loggndsessful, the user is forwarded to his or
her ITWeb home page giving them several optionsstnadving the courses for which
they are currently registered (Figure 47). Alssing the sessions feature of PHP, global
variables are created for this user’s session gontathe user’s id number and user type.
In addition, a new record is created in a datakesle recording the user’s id number, the

time they logged in, and their current IP addréas#hile the user is logged in, the server
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software records every hit the user makes alonig thé time of the hit and the IP

address of the hit. On almost every page in ITWabuser has the option to click on
“Logout” to log them out of the system. If thiskiis clicked, the last record in the table
of logins that matches the user’s id number is tgatlavith the logout time. Also, the
session in PHP is closed, removing the abilitydoeas the content for which the user has
permission. If the user does not click logout &iotply leaves the site and closes the
browser, the session ends and the logout timeaitrétord remains at its default value of

zero. Thus, process measures can be assignedivimual users with a high confidence.

Uisername uzar

Passwrond Ap—— |

LOGIN |

L

Riedisier

Fargot your passwaord?

Figure 46: ITWeb Login Box
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—_—

| IMebh Home | All Courses | All Groups |

([T} My Courses | My Groups | Account Profile |
My Account

Welcome, George Mickles. Tour classification 18 student.
{To upgrade to matructor or TA status, please contact [TWeb Help )

ITWeb Courses
Tou are registered for the following courses:

TTWS001: Course Home View Assignments/Grades
=COT 1001 Course Home Wiew Assignments/Crades
=E S0&7: Course Home Wiew Assiohments/Grades
LEE 1001:  Course Hotme View &ssicnments/Grades
TEST 3040: Course Home View Assighmmentsi/Grades
TEST 3056: Course Home View Assighmmentsi/Grades
I5yE 5010:  Course Home View Assignmentsi/Grades

TTze the Courses Page to register for courses.

TTWEh {Iro1mns

Figure 47: ITWeb User Homepage
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To generate the evaluation data, a perl scriptwvdagen for ITWeb to match hits
with a single user and then calculate statisticthercontent files for evaluation. This
perl script is set to run every night at 3:00 asmthat it does not interfere with most
other tasks of the server. This perl script penothree major tasks: 1) store all entries
in the server log file that are new since the lgstate as records in the database, 2)
determine logout times for users that did not cbakthe logout link, and 3) pair hits from
the log file with students who are registered Fa tourse to generate statistics on the
content files.

There is no upper bound to the size of the sepgefile beyond the limitations of
the server’s file system and hardware. As thenebeamany hits to a web site just in a
single day, the files can be quite large. Alsopaty be the policy of the server
administrator to occasionally back up and delegectirrent log file so that it starts over
with no entries. To prevent loss of data and requrocessing time required to search
through the log file, the perl script in ITWeb desma record in a database table with the
information on each hit recorded in the serverfileg A single record includes the file
hit, the time of the hit, and the IP address ofrdguest. Thus, from here on, any
examination of the data from the log file can befgrened through queries of the
database rather than searching through a setg#f lag files.

Next, it is necessary to determine all the logougs for each user. This allows
estimation of the length of visits for each sess&nd assists in matching hits to users.
The perl script queries the database for loginndwhere the login time is greater
(later) than the logout time, meaning the logomigtis either in error or is zero. For each

record meeting this criterion, the perl script sbas for any login records where the
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same user logged in or any user logged in fronsémee IP address later than the login
time of the current record. If such a record isnfd, then the logout time of the current
record must be before the login time of the negbré meeting the criteria. The logout
time is then estimated as the time of the lasbdiiore the new login from this user or IP
address. If there are no hits before the nexhlagien the logout time is set equal to the
login time.

If there are no recorded logins after the curregir, then the logout time is
estimated from the last hit before a session timhe@usession timeout occurs when the
client requests no files for a designated periotine¢, which on the ITWeb server is set
at three hours. After this period of inactivitetserver closes the session and the user
must login again to access ITWeb content. Wheangiting to determine logout times, it
is necessary to calculate if the last hit was nisdeeen the time the perl script is
running and that time minus the session timealthi$ happens, the user may still be
logged in and working in ITWeb, and the last reearthit may not be the true last hit of
the user’s visit. In this case the logout timaads changed so that it can be updated the
following day when more data is available.

It should be noted that the logout times determimgthe perl script are estimates
of the logout time, not the actual logout time.uger could conceivably examine a web
page for the entire session timeout period and tetyand the logout time would be
estimated by the time of the last hit. As it i$ possible to determine how long the user
looked at the last page hit (or any page), thanly a means of estimating the timing of
the user’s visit.

The third major task of the perl script is to cddte the statistics on each content
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file associated with a topic. For each contewet, Bleveral statistics are calculated:

total hits made by students registered for thesmur

hits per registered student (total hits made bysteged students divided by
the number of registered students),

hits in the past 30 days per registered studetdl (bits made by registered
students in the past 30 days divided by the numobergistered students),
hits in the past 7 days per registered studerdl(hitis made by registered
students in the past 7 days divided by the numbeggistered students),

hits within one day of topic coverage per regiddestident (total hits made by
registered students between one day before andaynafter the topic
coverage date, divided by the number of registetedents),

hits within three days of topic coverage per reget student (total hits made
by registered students between three days befaréhaee days after the topic
coverage date, divided by the number of registetedents),

hits within five days of topic coverage per registestudent (total hits made
by registered students between five days befordiaadlays after the topic
coverage date, divided by the number of registetedents), and

total number of hits by all ITWeb users (includstgdents registered for the

course, and any user not registered).

To calculate these values, the perl script quenesiatabase for all the content

files in the system. Each file is processed thhailng following algorithm. First, the

script determines if there is a database recostatilstics for this file, and if not, creates

it. Next, the database table with the entries ftbenserver log file is queried for all
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entries that match the current content file thatraade by registered students. This is
done in a single SQL query that joins the courseeraable (to determine who is in the
course), the logins table (to determine when tlstséents logged in and out), and the
table of log file entries (to identify the hits nealy registered students). Only the date
and time are retrieved for each record on thisygu&ach record retrieved is examined to
determine if they are within the past seven otyrdays, and if they are within one,
three, or five days of the topic coverage dateesthare to give the evaluator the pattern
of student accesses to the material with respdbiettopic coverage date. The evaluator
can infer whether students are preparing for tbute by downloading the content and if
they tend to review the content after the lectukéso, showing evaluators if students
have reviewed the content on-line in the past sev&® days can indicate if a review of
this older material is needed when building omrtriew material. In addition, if students
had difficulty with the material, this can showstfidents are reviewing that material over
time. Counters are incremented as appropriateparate query is performed to
determine the total number of hits made on theshiy all users. When all these values
are found, they are updated in the current filetord of statistics. Note that the values
stored here are the totals, not the per studenesalA series of queries could be
performed to determine these values, but the anafutithe to perform a single query on
these large database tables (especially the deryentries table) is sufficiently large
that the perl script using only one query is faster

At this time, all values for all files are recalatdd every time the script executes.
Over time, as more content files have been addddhenserver log has become much

larger, the time required to execute the scriptgrag/n beyond that desired by the web
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server administrators. Several efficiencies camhbde to this algorithm, including only
adding to the total hits since the last updateraide-calculating the number of hits
within a few days of the coverage date if the cagerdate is old enough for there to be
no new hits in that range. Also, the databasetatihtaining the entries from the server
log file is very large. Separate tables could fgated for different semesters or months
of data, reducing the load on the SQL queriesastiript. This would require special
handling of the queries, but it is possible to @the load in this manner and retain all
previous data if it is needed for further resegratposes.

At any time, the evaluator can go to the serverégmprt for a topic and view the
statistics for each file related to the topic (F&d8). A topic can have multiple files
associated with it, requiring statistics to be gatexl for each file. The statistics listed
above are displayed for each file. In additiorsdd@me values are generated for all
content files in ITWeb. This is the main reasondmviding the values per student, so
that each statistic can be compared with othersesuor the average for all content files
in ITWeb. This gives the evaluator some contexhimv often students are examining
the content for this course in relation to how stitd examine content for other courses.
As these statistics are calculated only once pgratlapproximately 3 a.m., this is not
real time data, but it is up to date as of the tiheescript runs. Like the other measures,

all the statistics are presented anonymously t@#aguator.
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Topic: Human Error and Design

Log File Analysis
HumanErrorAndDesign.ppt

Measure Value Baseline
Hits (by regstered students)yStudents 1.3 1.1 (avg all IT Web)
Hits n Last 30 DaysiStudents 13 0.1 (avg all IT Web)
Hitz m Last 7 Days/Stedents 032  00({ave all [T Web)

Hits Within +1 Day of Topic Coverage/Stadents 0.3 0.0 (avg all T Web)
Hits Within +3 Days of Topic Coverage/Stmdents 0.3 0.0 {avg all TT Web)
Hits Within +5 Days of Topic Coverage/Students 0.3 0.1 (avg all IT Web)
Total Hite (all users) T0 123 {avg all IT Web)
Hits (regstered students) 50  10.5 (avg al IT Web)

This Topic's Files:

HumanError AndDesign ppt

Figure 48: ITWeb Evaluation Component - Web Servetog Analysis Results
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4.3.41TWeb Centralized Evaluation Component

As seen in the preceding sections, the main evatuabmponent allows the
evaluator to access the measures collected fortepahin the course. After selecting a
topic, the evaluation system displays a summath®imeasures that have been collected
so far (Figure 49). These give the evaluator aroew of the measures all at once to
allow a general judgment to be made about the tfestess of this topic using the
evaluator’'s mental model of the course. The aoll#i details can be accessed as noted

above, and links to create additional surveys @aséssments are available here as well.

Teopic: Human Error and Design

?I*.J::J.a.nEnr_n[ﬁ..ndIU:slgn pet

Assessment Data Available
HumanErrorAndDiesign.ppt
Seree Liog Baslly Total Hits/Total Students 1.3 (all TT Web 1.1

> \ Tetal B =3
User Hating Hosults Mfdiaruagfn‘g Partly Effective, Partly Ineffective
Swvey | - Besponse Bate: 204 (50%)
Question 1: This topic helped me omderstand human error
Median: 4 (expected: )
Complete Survey Results Question 2:Please share any additional cormments about this topic.
Tep response; -- (expected. )

-- Create 3 new Survey

Assessment | - R.;:sp-:-nsr: R,ate 414 (]-DL'JE-;]
Juestion 1: Which of the following is correct?
Complete Assessment Results Top response: Hone of the above (answer Hone of the above)

—— CUreate anew Assessment

Figure 49: ITWeb Evaluation Component - Topic Resuk Summary
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In this form, ITWeb’s centralized evaluation compahprovides all the available
evaluation measures in one interface for judgmatait each topic. However, the
evaluator still needs to interpret the measurasgusisystem model, whether an internal
mental model or an explicit system model.

4.4 Summary

This chapter shows how this dissertation has raghitd objective “develop a set
of measures for formative evaluation that can beiadtered through a CMS with built-
in data collection and analysis capabilities.” Eahional measures from each of the three
types identified in section 2.2.5 (performancegcpption, and process) can be
implemented in a CMS. In this case, ITWeb has am@nted surveys, student ratings,
assessments, and a server log analysis in a gugleation component as described in
section 4.3. The tools are readily available tal@ators, the measures are administered
on-line automatically to students, and the summesylts are generated by the software.
Not only do these measures reduce the time andnasorequired to administer
measures, they are collected in one interfacditéaig their use for formative
evaluation along with a system model. In addititve, process measures provide a level

of detail that is not normally feasible to collect.
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CHAPTER 5

APPLICATION OF WORK ACTION ANALYSIS FOR PLANNING AND

FORMATIVE EVALUATION

The previous chapters have developed the elemertied for planning and
formative evaluation of an undergraduate courseodel for an education system based
on WAA, WAA'’s method for developing and applyingdimodel, and measures
collected through a CMS. Just as the applicatfomark domain analysis to process
control guides system design and ecological integsaWAA is applied here to bring
greater insight to the evaluation of education.démonstrate the use of WAA and CMS
measures for planning and formative evaluatiory Hre applied here for those purposes
to a portion of an undergraduate engineering couvgbile this analysis is intended to be
a demonstration of planning and formative evalumtibe analysis actually took place
after the course had ended. Even so, the analpsiperformed as if it were taking place
before and during the course. The measures fordtive evaluation were collected
through the CMS, ITWeb, during the course.

5.1 Work Action Analysis as Planning Evaluation

Planning evaluation is typically performed durihg design phase of a learning
service system and provides designers "with anngtaleding of what the project is
supposed to do and the timelines and strategiedoiag it" (Stevens et al., 1993, p. 4).
If the design of the project is not clear or eletsest the system do not align with the
system goals, then the design must be refined.

As described in chapter three, the method of WA#t involves determining the

scope and purpose of the analysis. The scopdiredeccording to what exactly will be
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evaluated, e.g., a specific portion of a course.

Second, the modeler must determine the overalsgufahe system. This step
identifies the goals to which the system must gnall. Many methods that describe a
planning evaluation state that one of the firsksasf such a process is to identify the
objectives of the educational system (Grady, 200&5ourty et al., 2002; McGourty,
Sebastian, & Swart, 1998; Walker, 1997; Steveras.£1993). (It should be noted that
some of the references above include both plarsmgformative evaluation activities;
the discussion here only refers to those aspeatsatk pertinent to planning evaluation.)

Next in the method described in chapter threentbdeler must then determine
the levels of abstraction, parts-whole decompasitamd roles that define the framework
in which to model the system. The modeler careeitise the framework for a course
described in chapter three or derive a similartbagéis more appropriate for the system
being evaluated.

In the next two steps of creating a WAA model, th@deler must populate the
framework with the system elements and their refesti The methods for planning
evaluation referenced above differ on the nextsstepiake in planning evaluation, thus
the method described by Grady (2002) will be disedsas it is the most clear and
detailed. The second step in Grady's methodidetatify the instructional strategies,
which includes the cognitive activities and phykaetions (though those terms are not
used) of the instructor and students, the contebéettaught (a part of atomic elements),
and the delivery mechanism (another atomic elemest@vens et al also mention the
need for examining strategies and interventiorthéplanning evaluation stage (Stevens

et al., 1993). Identifying these system elementqguivalent to populating the WAA
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framework. In fact, WAA is more specific than timethod used by Grady (and others)
in that rather than simply labeling system elemastScontent” or "strategies," they are
placed specifically within the three dimensionaldabusing a structured method that
builds in from the elements that are the easiestaotify (goals and atomic elements in
the ‘corners’ of the model). The method of creg@nWAA model is also more specific
with respect to each role in the system. In WA#®g imodeler must identify the
objectives of each role and the atomic elementisealiowest parts-whole level, then
populate the framework with elements between thé@se WAA method also allows the
modeler to specify objectives for the sub-partthefsystem along the parts-whole
dimension. For example, an instructor may havedabjes for assignments early in the
course that serve as intermediaries for achiewiegittimate course objectives; students
must acquire knowledge of basic principles befoeytcan apply them. In this sense,
WAA is superior to other forms of planning evaloatin that it allows for objectives of
sub-parts as well as the overall system. Alsoleathie above referenced methods of
planning evaluation speak of identifying elemeM&A additionally identifies the
relations between the elements.

The third step in Grady's method is to identify Hearning will be assessed.
Others include this step as a key element of ptapavaluation (McGourty et al., 1998;
Walker, 1997). If the WAA framework developed focourse in chapter three is used,
the assignments are integrated into this framewerit category on the parts-whole
dimension. The WAA framework is superior to therengenerally stated methods in that
it incorporates assignments into the modeling fraor& according to their place in the

learning system structure rather than treating thensolated components.
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Planning evaluation can go beyond identifying th&team elements, including
goals, to include examining the alignment of thelements. As discussed in chapter
two, examining alignment involves taking a systapproach to education, specifically,
determining if the system goals should be met byotier system elements. However, in
spite of the discussion of alignment in Bransfardlg2000) and others noting the need
for alignment (Grady, 2002), though in differents, these studies do not specify how
to determine if a system is "aligned."” Determinihg system element will support the
achievement of a goal involves examining the refabetween them. The desired
relation is one where the system element is a meaascomplishing the end of the goal.
Thus, if a means-end relation (or a chain of mesantsrelations) exists between a system
element and a goal, then the element and goaligreed. Thus, determining during
planning evaluation if system goals and elemerm@sahgned essentially involves
determining if means-end relations exist connecihthe system elements to the
objectives. These means-end relations may spamlg®in the system via relations
between roles; for example, students’ cognitivévaies may be enabled or required by
atomic elements created for them by the instruchothis, WAA makes a critical part of
planning evaluation explicit, so that the relatitbe$ween elements can be determined
through the WAA framework. Dorneich's (2002) wagkvery similar to this use of
WAA in that the means-end relations in the absiwadtierarchy are used to determine if
the objectives and other system elements are ctethec

In summary, the method of creating a WAA model barused for planning
evaluation. This method identifies the system gjaalle objectives, instructional

strategies, and assessment methods. In additiéi, pvovides a way to represent
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explicitly the means-end relations between systements that are necessary to
determine how well the system elements are aligvitdthe system goals.

5.2Planning evaluation of a Course with Work Actional\rsis

To demonstrate WAA as a planning evaluation metmmtito determine how
effectively this method provides deep insightsriiaducational system, it has been
applied to a portion of an undergraduate coursegusie method described in Chapter 3.
5.2.1Course to be Evaluated

The course used in this evaluation is ISyE 4008Hhain Spring, 2003 at Georgia
Tech. Of the 53 students in the class, 49 (92%¢ gansent for their data to be used for
research purposes. The course instructor preskstienles using PowerPoint
presentations that were made available to studlerdsgh ITWeb as topics. The
teaching assistant graded all the homework assigtsnexcept the first, and peer
comments for the course, while the instructor gdealethe projects. The teaching
assistant and instructor graded the exams together.

The first exam covered the course material alse/by homework
assignments one through five and the first threts d the course project, representing
approximately one third of the course material.lyQ@he portion of the system
encompassed by the first five homework assignmeititbe examined. This portion of
the course was chosen for study in part to reduesd¢ope of the analysis for this
demonstration. Also, this portion of the coursérisa sense, a mini-course with a
cohesive set of content covered by assignmentga @othprehensive exam. Course
content has been divided into individual topicsjolhfor the sake of space, will be

referenced to by their topic number in ITWeb (sebl& 6).
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Table 6: Topic Numbers Matched to Their Content forISyE 4009 from Spring, 2003

Assignment Topic Number Topic Name
Covering This
Topic

1 390 Introduction to Human Integrated Systems

2,3 406 Gathering Customer Data

2,3 407 Principles of Contextual Inquiry

2,3 408 Some Foci of Contextual Inquiry

2,3 410 Models to help in Contextual Inquiry
3 433 Modeling Work — Overview
3 434 Artifact Models
3 435 Cultural Models
3 436 Flow Models
3 437 Physical Models
3 438 Sequence Models
4 439 Procedures and Proceduralization
4 440 Procedure Following
4 441 Procedures and the Roles of Humans
4 442 Example: Study of Procedure Following
5 447 Decision Making Overview
5 448 Strategic and Tactical Decision Making
5 449 Supporting Strategic/Tactical D. M.
5 450 Opportunistic Decision Making
5 451 Examples of Opportunistic D. M.
5 452 Supporting Opportunistic Decision Making
5 453 Example: Study of Opportunistic D. M.
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The first homework served as an introduction todberse, requiring students to
find job advertisements describing the knowledge skill set needed to work in the
domain covered by this course. The other homewassignments were very similar in
format: students were to identify a good designabdd design and describe why they
are good or bad in light of the current course eont
5.2.2Making the Work Action Analysis Models

The method for creating a WAA model described iapthr three was used to
model the portion of the course covered by the five homework assignments. The
following is a description of how the method walldewed. The final representations of
the system resulting from this method are in ApjpeAd To identify the separate roles,
this section will refer to the evaluator as thesperperforming the planning and
formative evaluations and to the instructor aspeson designing and teaching the class,
though in practice these may be the same personthis evaluation, the role of the
evaluator is not considered as it is not part efdbtual execution of the course. The
analysis was actually performed by the evaluattin sipport from the course instructor.
Also, this section is presented as though it in@ar method, but in practice it will be
iterative.
5.2.2.1Determine the Scope and Purpose of the Analysis

The scope of this analysis is a portion of the seuSyE 4009 taught in Spring,
2003. Specifically, the scope includes the systments in this course that are
associated with the first five homework assignmefitise purpose of this analysis is

planning and formative evaluation of this portidrthee course.
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5.2.2.2Determine System Goals
The goals of the system are identified as the eooigectives. The course
syllabus was available at the time of this analgsid stated six objectives for the course:
» understand how we, as engineers, can design inflanmsystems to create
effective work processes,
» learn how to identify and design for the needs ofk@rs and organizations,
* create machine interface designs that establistsamgort good work
practices,
* be able to identify and communicate the properdfess machine's interface,
» understand the limitations of human operators uadariety of situations,
and
* understand the principles of human-integrated systevaluation - and apply
them to your project design.
5.2.2.3Identify All the Roles of Agents That Are Integtalthe System
The two roles of agents that are primarily involwedhe operation of the system
described above are the roles of instructor andestil While there is a teaching assistant
assigned to this course, her functions were tsBssia subset of the instructor’s duties.
Thus, all system elements of the teaching assistanbe modeled here as part of the
instructor’s role. In other cases, it may be nsagsto separate these two roles.
5.2.2.41dentify the Levels of the Parts-Whole and Means-Bimensions
In this step, the evaluator specifies the framewonkhich to represent his or her
mental model of the system. This system is a @owif a course, and a WAA framework

for a typical undergraduate course was developetiapter three (see Figure 13). This

170



framework has a column for the course at the higlees! of the parts-whole dimension,
then columns for each assignment at the next lelggst, and finally columns for each
topic at the lowest level. For the means-end dsiwm rows represent, from highest to
lowest, goals, cognitive activities, physical anipand atomic elements. Each
assignment must necessarily be given in a temgerplence in the course, which can
reflected by the order in which their columns dreven in the model. This allows the
evaluator to see how learning can build over timenfearly and intermediate levels of
cognition (e.g., knowledge, comprehension) to higitees (e.g., application, synthesis).
The framework that will be used for each assignmgeshown in Figure 13.
5.2.2.5Fill in the Items at the Lowest and Highest Lewatsthe Means-End and Parts-
Whole Dimensions

At this stage, the evaluator must identify the otiyes of the roles at the course
level (the top-left of the model as it is drawn@lahe atomic elements at the smallest
parts-whole level (the bottom-right of the moddbach role has its own set of objectives
for the course which need to be identified. Fergtudent role, a typical objective is to
achieve the desired grade in the course, whicledrstudent behavior in completing
graded assignments. Students may have other cwidsebjectives such as personal
interest in the subject of the course, a geneyabjdearning, or a desire to prepare for a
particular career. The role of the instructor dlas objectives on the scale of the course.
One set of objectives of the instructor is the sewbjectives. These may be defined by
the instructor or a course designer and are onef sdjectives that guide the behavior of
this role. The instructor may have objectives tesithe course objectives such as

improving students’ communications skills and assgseach student’s proficiency in
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the course. This illustrates that both roles @ @f the same system (i.e., the course)
but need not have any objectives in common.

The atomic elements at the smallest parts-wholel lewst be identified in the
bottom right of the model. The list must be dethihnd complete and includes all
PowerPoint presentations used during lecture caisitaken by students in class, all
lecturing notes by the instructor, the lecturesritbelves, communication between
instructor and students outside of class, and #mr @atomic elements that may apply.

Figure 50 shows the beginnings of filling in thedabwith these elements for the
role of the instructor. Only atomic elements redhto the first topic are shown in this
example. The complete versions correspondingdb eathe homework assignments

can be found in Appendix B.

Role: Instructor
Course Assignment | Topics
Role Course objectives,
. . assess student

Objectives learning

Cognitive

Activities

Physical

Actions

Atomic Introduction.ppt,
lecture, instructor

Elements notes, out-of-class
discussion

Figure 50: Intermediate step in WAA for the role ofthe instructor showing only the
first topic
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5.2.2.6Fill in the Items at All Other Levels, Identifyirfgelations Between Levels

This step consists of two major activities that @eeformed iteratively until the
evaluator is satisfied that the end result is aiate representation of his or her mental
model of the course. First, the evaluator popsl#te table with the rest of the elements
in the system, often working in from the upper-kafd lower-right corners of the model
populated in the previous step. Second, the et@ligentifies agent-environment
means-end and parts-whole relations that existdmvhe elements. During this step,
all other aspects of the model can still be charagethe evaluator sees more of the
system represented in the WAA framework.

For the instructor’s role, it is necessary to deiae which of the course
objectives each assignment is intended to supptomework assignments one through
five are available for this analysis, and each asalmed with each set of course objectives
they are designed to support. From this pointdibeussion will focus on the first
homework assignment and walk through its developmen

The first homework assignment is to search prodessijob listings for positions
involving the subject matter of ISyE 4009 and relcihre skills that are required for such
a position. The purpose of this assignment isue gtudents a sense of the skills
required in industry, and to see how those matth what is taught in the course. This
activity is judged to support the course objectivederstand how we, as engineers, can
design information systems to create effective wodcesses” because it guides the
students to consider the design skills they mustiae.

For the instructor’s role in the first homeworkigssnent, the immediate

objectives of the assignment, “get students tdealaurse content to career” and “get
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students to work toward course objective 1,” ase@tl in the role objective row and
assignment column. Also, the document contairtnegrstructions for this assignment is
placed in the atomic elements row and the assigtsatumn. The questions posed to
identify means-end relations between elementsfi@rent levels of abstraction are useful
for identifying other elements. To identify elen®at the level of physical action in the
assignment column, the evaluator identifies the eali@ite purpose at the physical action
level. For the assignment file, the immediate pags for the instructor include
comparing the assignment and topic files to deteenfithey are congruous, writing the
assignment, and posting the assignment in ITWdbthése have means-end relations to
the assignment file. Posting the assignment regun ITWeb assignment record, which
is an atomic element. Also in preparing the asammt, the instructor may examine
previous assignments that are similar, adding ptes/assignments to the atomic
elements with a means-end link to the physicabaatif examining previous
assignments. The instructor also interacts witbestit submissions, which are atomic
elements. Student submissions have a means-atidmnelith the physical actions of
“read student submissions”, “assign grade and lése@back”, and “compile the

results.” These physical actions also requireatbenic elements of grades and “feedback
on submissions.” An additional physical actionttisaan end of the student submissions
is discussing the submissions in class as feedbatle students. A final physical action
of the instructor is to assign a weight to the grad this assignment with respect to the
overall grade for the course, which has a means-@ation to the syllabus where this is
recorded. This action is part of the system rdl&bethis assignment, though it may take

place long before the assignment is given to stisdehhe syllabus is an atomic element
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in the course column as it applies to the entistesy of the course.

Though not observable, cognitive activities britlge means-end gap between
physical actions and role objectives in learninyise systems. Both the instructor and
the student engage in cognitive activities to achihe ends of the role objectives, and
the physical actions serve as means to achieveotii@tive activities. The cognitive
activities of the instructor identified with thissignment include “considering the past
use of this assignment,” which has means-end bioken to “examine the past
assignment” and up to both assignment objectivemther cognitive activity identified
for the instructor’s role is “establish wordingtbe assignment.” This activity has
means-end links up to both assignment objectivdsdamwn to the physical actions
“create assignment in ITWeb,” “write assignmengkamine past assignments,”
“compare assignment and topics,” and “post fileBfWeb.” The complete set of system
elements identified for the instructor’s role agsult of this step in the method can be
found in Appendix B.

The role of the student may have several course-oiijectives related to this
assignment. One typical objective for students schieve their desired grade level in
the course, so this is included in the student énmork. Also, students may desire to
learn for the joy of learning or may be explicigyrsuing the knowledge and skills they
perceive they need for their careers. In additstmgents may desire to manage their
time so they allocate their desired amount of timthis assignment.

In addition, students’ system elements at the at@i@ments level on the means-
end decomposition and the content level of thespahole dimensions for this

assignment can now be identified. Elements ati¢ivisl include any material, physical
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or electronic, that contains information on theteahto be taught or communications of
information between the agents. For homework assemts one through five, the
content associated with each assignment comprisesa PowerPoint files that are used
during lecture and are available to students thidiiyveb. The electronic topic records
in ITWeb are also atomic elements as they give safemation on the topics such as
when they will be covered in class and are patheforganization of the course in
ITWeb. The information communicated in the lectisran atomic element since it is a
communication between the two roles. Other compatians between the roles include
in-class discussions and out of class studenttictgr dialog. In addition to these
elements that are shared by both roles, studentgaka notes during the lectures to aid
in study later, and instructors may have lectutesibesides the PowerPoint files.
Atomic elements in the assignment column for tlelesnt include the homework
assignment file, job advertisements, the studesuttsnission, the grade and feedback on
the submission, the ITWeb assignment record, amdetbdback given to the whole class.
These atomic elements are means to several etfus liysical action level. The
physical actions of “acquire the homework file” dindad the assignment” are the ends
of the homework assignment file. The studenténtbxpected to engage in the physical
action “checking topic files for keywords,” whiclagrmeans-end relations to the
assignment file and the topic files. The physaztlon of searching for job ads is the end
of the atomic elements of the assignment file &iedab ads. The physical actions
“compile relevant job ads” and “submit selected’ads the ends of the atomic elements
of the assignment file, the job ads, and the sttslesnbmission. “Read the grade and

feedback on the assignment” is a physical actidh mieans-end links to the grade and
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feedback, the submitted ads, the assignment, anid¥Web assignment record.

As in the instructor’s role, cognitive activitiesedhe means-end bridge between
the physical actions and role objectives. Here ntlodeler places the cognitive activities
in which students are expected to engage. Theittagactivity “evaluate time and
effort to spend on assignment” is the ends ofhalghysical actions as this activity will
guide their execution and is the means to achiee®bjective “achieve the desired grade
on the assignment” in the assignment column. ‘@elds with respect to the content” is
another cognitive activity and is the end of a#l fthysical actions except “read the
feedback and grade on the assignment” and “attendiscussion of the assignment.”
The cognitive activities “consider all job skillesignated in ads” and “consider own
submission with respect to feedback” are relatealltthe physical actions, as each is
required for this activity to take place. Thedatthree cognitive activities are means to
achieve both role objectives in the assignmentrooluand are related via this element to
the broader learning aspects of the course obgs:tiThe complete set of system
elements identified for the student’s role as altax this step in the method can be
found in Appendix B.

WAA models were made of the first five homeworkigssents and are shown
without relations between elements in AppendixTBie method used to model these
assignments is the same as developed in chapeerdimd as demonstrated above. One
feature of the system that became clear is thaemrk assignments two through five
followed a very similar pattern. Since the basiarfat of these assignments was the
same, only the content, assignment, and relatedealbjectives had to be changed for

each model. This is a demonstration of the ugeroplates in building WAA models as
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described in section 3.4.2. The model developetidmework assignment two serves as
the template for assignments three through five.
5.2.2.7Identify Correspondence Relations Between Roles@a@ystem Goals

In this final step, the modeler identifies the espondence relations at the level
of atomic elements between the roles and betwderolgectives and system goals. The
roles of instructor and student share multiple atogtements at each parts-whole level in
the first homework assignment. At the course I¢ivese include ITWeb, the classroom,
and the course syllabus. At the assignments teeeloles share atomic elements such as
the assignment itself and the grade and feedbatke course level, the two roles share
atomic elements such as information communicateehglthe lecture and the topic file.
Each of these elements is identified as havingreespondence relation between the
roles, in many cases because the instructor puighysereated them for the students.

The second place where correspondence relationsxistris between role
objectives and system goals. The system goal$hareourse objectives, as identified in
step two. In this case, the instructor has hisesrown objectives for the course which,
for the course to be aligned, must include the smobjectives.
5.2.3Benefits of Work Action Analysis for Planning Evation

The evaluator can gain several benefits from uiegVAA method in planning
evaluation. First, the method supports creatingraprehensive and detailed
representation of the system that is externaléatraluator. This provides a concrete
model of the system that can be used to communécdegailed, comprehensive design
of the system to others. Through the method ofinggt comprehensive and detailed

model, the modeler will identify parts of the systthat could otherwise be overlooked.
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Second, the method of creating a WAA model servasform the evaluator’'s
mental model, which may not be comprehensive, léetadr accurate. By making the
evaluator examine his or her mental model, areascohsistency may be revealed that
must be resolved. Also, the method for creatig/A model leads the modeler to
consider a comprehensive view of the system a¢hesthree dimensions of the
framework. Through this, the modeler may thinlaimore detailed and comprehensive
way about the system, changing his or her mentalea those ways.

Third, WAA provides a structured method for plarqpgvaluation, as presented
generally in section 3.4 and as followed aboveertien 5.2.2. This method leads the
evaluator through a logical progression of stedsuitd up a model, streamlining the
method of creating a WAA model. Whereas other wdshdescribing planning
evaluation tend to be fairly general as discussesction 5.1, the method described here
provides specific guidance and examples to cresfé®A model. Each step provides a
foundation and guidance for the subsequent steps.

Fourth, the method of creating a WAA model can $eduo explicitly test the
alignment of the system. As noted in section thére is little guidance in the literature
on specifically how to test the alignment of a eyst Using the WAA method, an
evaluator can determine if a system element imalily related to the system goals, or if
it is not related to the goals via means-end amgespondence relations. WAA
recognizes that not all roles explicitly attempatdieve the system goals, but that they
may be influenced by other roles so that the gedlde met. The system is aligned
when all elements are related by means-end retatmrole objectives and when roles

that explicitly attempt to achieve the system gaaflsience other roles to that end via
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correspondence relations.

Fifth, the evaluator has a complete chain of mesantsand parts-whole relations
that show how any single element is related tacthese objectives. This allows the
evaluator to speculate how a failure at one elerktiite system would lead to a break in
the sequence of elements that support a coursetivgje Also, the evaluator can
determine how much redundancy is in the systenxbyneing how many independent
means-end chains lead to the goals, where a graatdver of independent chains
increases the likelihood that the goal will be m&h added benefit to the means-end
relations is the ability to examine the path forragtividual element to achieving the
system goals in great detail. This allows the @sar to determine not only if an
individual element is a means to achieve the sygfeats, but also how direct the
linkages are.

Sixth, this representation makes the cognitivevaies explicit. By making these
explicit, the evaluator can evaluate the atomimelets and physical actions not just in
terms of each other, but whether or not they wigiort the cognitive activities.
Cognitive activities are where learning takes placel they are the immediate means to
achieve the objectives of each role, thus emphagihieir importance in the system.

5.3Work Action Analysis as Formative Evaluation

Formative evaluation, as discussed in section 2t2kés place during the
operation of a system for the purpose of findingsvi improve it. Summative
evaluation, also as discussed in section 2.2 rformed once a life cycle of the system
is over and is intended to determine the effectigsrof the system. There are many

methods in the literature that can be applied th Bmrmative and summative evaluation
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of education as the data is collected while théesyss in operation. Gay and Airasian
(2000), Walker (1997), and Stevens et al (1993pralide evaluation methods that
include planning the evaluation, collecting theaglaind analysis, steps that can apply to
either formative or summative. As an objectivehi$ dissertation is to apply WAA to
formative evaluation, WAA will be compared to thesethods. The use of WAA for
formative evaluation will be examined in relatianwalker’'s method as it is the most
comprehensive of these methods. It should be nbadValker’s evaluation method
(like the other two noted above) focuses on théuatian of an intervention to a current
system. Walker notes this by referring to a “petj@r “intervention” as the item of
interest in an evaluation study. Gay and Airasiad Stevens et al also speak of the
purpose for their handbook as focusing on inteieest

“The Handbook discusses quantitative and qualgativaluation methods,

but the emphasis is on quantitative techniquesdaducting outcome

evaluations, those designed to assess the resiSFofunded
innovations and interventions” (1993, p. ix).

In contrast, the purpose of the WAA method of eatibin is to examine the
system as it actually exists, rather than directbdel the effect of individual
interventions (as discussed in section 3.2.3).sTthe utility of WAA in implementing
interventions comes from its ability to represehtis currently happening within the
system (thus enabling the evaluator to better ifjewhere interventions are needed)
and, if the interventions are then representetiémtodel, to evaluate them in the context
of a comprehensive, detailed model of the system.

The first step of Walker’s method is to define thepose of the evaluation. This
is also the first step of developing a WAA modeplanning evaluation, the first step in

the comprehensive method of using WAA for planrang formative evaluation. The
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second step of Walker’'s method is to clarify pro@gectives, that is to write objectives
for the system in a way that they can be measWaile writing measurable objectives
is outside the scope of this work, it has been exadhby others (St. Clair & Baker,
2000) and must be considered in the first and skstaps of creating a WAA model.

Walker’s third step is to create a model of changesh is “the specific set of
relationships that one believes connects the iatgron to the achievement of the impact
objectives of the project” (Walker, 1997). He etathat while creating a model of
change “sounds like a simple concept, it is oftenweakest element of an evaluation
plan. Development of a clear and correct modehainge is the most critical step in the
development of a sound evaluation plan” (Walke@7)9 Walker provides a sample of a
model of change, but little guidance on how to txeme for other learning systems.
Also, physical actions, cognitive activities, arydtem goals are presented in the model
without distinction between them, though in hisrepée there is a sense of how lower
levels of abstraction are means to the higher oAésn, the model presented is vague,
using statements such as “students use materatsgrthan specifying what actions
students will take with the materials. He does/ft® some guidance on building a
model of change:

“The important point here is that the set of relaships theorized to exist

between the intervention and the goals of the ptajeist be clearly

defined. ...The more specific you are in developingr model of

change, the more useful the information generayeitid evaluation will
be” (Walker, 1997).

WAA provides a method that leads the evaluatoretggecific when developing
the model and identify the set of relationshipsveein system elements and the system
goals. In addition, the WAA method described iamter three specifies a method to do

this while Walker does not. The WAA model leads évaluator to be more specific
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about the system than Walker's method, as candielsecomparing the general
statements Walker uses in his model with the mpeeific statements used in the WAA
model in the previous section. Walker’'s methoa ases not specify the nature of each
relationship identified, though most appear to lsans-end relations. This is in contrast
to WAA where the types of relationships betweeneyselements are defined. Walker
also makes no distinction between roles in his rhotiehange and how one role
influences others. Another difference is that Véalénly uses this model at this step in
the evaluation, whereas in evaluation with WAA éwaluator uses the model extensively
for both planning and formative evaluation.

Steps four and five in Walker’'s method are to deldat measures to use to
evaluate the system and identify ways to colleas¢hmeasures. This is a key step also
in performing formative evaluation with WAA. In ttomethods, the evaluator must
identify what aspects of the system need to be unedgo determine if the system goals
are met. However, in WAA, the insight each measareprovide can be assessed by
examining them relative to the detailed, compreivensmiodel developed in planning
evaluation.

Step six in Walker’'s method is to design the evabmaresearch. This step is
more applicable to an evaluation involving a colteexperiment, where factors can be
controlled and varied by an experimenter. In fdimeaevaluation, the purpose is to
improve an existing system rather than experimbnidntify factors that affect
learning. Thus, designing a strict experimentaigieis not necessarily part of using
WAA for formative evaluation for the purpose of iroging an existing system.

However, when a rigorous experiment design is ddgiv test between multiple systems,
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WAA models can provide a rigorous method of desegland comparing the systems,
and of analyzing the potential impact of confouigdiactors.

Walker’s step seven is to monitor and evaluateaory out the evaluation
activities that have been designated. Step esgiat use and report the evaluation results.
In the method for formative evaluation using WARe tevaluator collects measures and
interprets them in the context of the model. Tllig,measurement activities are being
performed and the model and measures are useudiagion.

The other formative evaluation methods referended@ are similar to Walker's.
They are more specific in some aspects, espedathy collection, but list essentially the
same steps as Walker. The discussion above shawvghe method of using WAA for
formative evaluation is what the literature presesi for formative evaluation activities.
Also, this method is more specific in many poiigrt those identified in the literature.

5.4Formative Evaluation Using Work Action Analysis

To use WAA for formative evaluation, the evaluasamodel as represented
within the WAA framework for planning evaluationrcprovide the context for selecting
and interpreting measures taken in the courses mithod is described below for the
portion of ISyE 4009 described above for planningleation.
5.4.1Measures Collected Through ITWeb

Once the WAA model has been developed, it can bd as a basis for selecting
which measures to collect. Some elements will laglasures are they are not feasible to
collect in a formative evaluation, and not evegneént in the model needs an associated
measure. Since elements are related to each tikgrerformance or effectiveness of

many elements can be inferred from measures om elbments. For example, a process
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measure can be collected to determine if studexus Hownloaded and therefore likely
have read the assignment. Also, it can be infetrag if a student turns in the work for
an assignment, that student has read the assignifikatrelation between these elements
is indicated in the model so that data on the gcatebe used to infer the action of
reading the assignment.

As noted in chapter two, educational measures eatfficult to collect, and
there are several constraints that prevent morei@van activities from being
performed. An evaluation system like that descrilmechapter four alleviates the
constraints on what measures can be collectedrbgviag much of the administrative
burden of measurement collection and by allowingsnees to be collected on learning
events that take place through the CMS outsideldssroom.

The measures collected and used here are summariZeflle 7. The evaluation
system of ITWeb described in chapter 4 was usedltect these measures; specific
information on their implementation for this teasse is presented in the following

subsections.
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Table 7: Measures Collected on Each Assignment férormative Evaluation

Perception Measures
»  Student ratings of associated topics
e Survey results on associated topics

Performance Measures

» Grades on the homework assignment

» Grades on the peer review assignment (if applicable)
e Assessment results on associated topics

Process Measures

» Total number of logins between lectures and assignment due date

» Percent of associated topics hit between lectures and assignment due date

« Total hits on associated topics between the lecture and the assignment due date divided by
the number of topics

» Total hits on associated topics after the assignment due date divided by the number of topics

*  Number of peer review comments left (if applicable)

e Total number of hits in the peer review component (if applicable)

» Total number of hits on the assignment feedback page

5.4.1.1Perception Measures
ITWeb allows the evaluator to administer a sunegttidents on any topic stored
in the CMS's database. The surveys were designgidé some insight into what
physical actions and cognitive activities studevse engaging in to learn the content.
Thus, the following questions were administeredratfte first midterm exam and
evaluated the three topics with the lowest sconethe exam (topics 410, 434, and 438).
1. Free response: “What actions did you take to stbdymaterial for this
topic?”
2. Five-point scale: “How difficult was it to learnightopic?” (scale ranged from
very difficult to very easy)
3. Multiple choice: “Which of these did you focus omshwhen learning this
topic?”

186



* Memorize the facts in the material

* Reflect on the meaning of the material

* Attempt to apply the material to a new situation
» Other (free response)

In addition to surveys, students could give feellmacthe effectiveness of the
lecture notes provided in ITWeb through the contatihgs.
5.4.1.2Performance Measures

As described in chapter four, ITWeb allows evaltgto create pop-up
assessments of students. The evaluator creatqdestions on the assessments to be
specific to the topic each examined. For exanglgyestion asked about topic 435 is:
“True or False: Cultural models should show whatassed between people.”

In addition, grades on the homework assignmentpanteof the normal course
activities and are included in the formative evaira Half of the grade for homework
assignments two through five is assigned basetdenguality of the student’s submission
and half on the quality of the student’'s commentthe peer review component. These
will be treated separately to evaluate the diffeempects of the assignment activity. The
grade for the first homework assignment is baséglyson the students’ submitted work.
5.4.1.3Process Measures

Chapter four described the types of data that earobected in ITWeb from
student interaction with the web site and measoiretudents' interaction with course
topics that are automatically generated by theuatain system. Specific process
measures can be designed to examine the phystaaigof students identified in

planning evaluation. Also, the knowledge of wingtits are covered by each assignment
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is known, so that information about each assignmantbe used in creating process
measures on each topic.

Some measures directly measure student behavimgduinysical actions that can
only take place while using ITWeb. One such setabions takes place in the peer
review component. This component of ITWeb allowglents to examine each other's
work and to leave a comment reviewing that worke Tnstructor (or teaching assistant)
can then view the reviews and grade them. Revgwairneast five submissions by peers
was a requirement for homework assignments twaitiirdive. The number of peer
review comments left by each student is one processure of their actions. Another
measure is the total number of hits from each stuitkethe peer review component for
each assignment, which indicates how much studesrts interacting with this
component.

Another action that is available for 4009 studentesugh ITWeb is receiving
feedback on an assignment. The total number sfgeit student on the feedback web
page indicates how frequently students examingeleidback. This indicates whether
students are engaging in the physical action ofmixiag feedback or not.

Measures can be made of student behavior betweenieg a topic in class and
when an assignment is due. Each assignment haiplemalssociated topics, and
therefore multiple PowerPoint files. Also, the éimach topic is covered in class and the
due date of the assignment are known in ITWeb. pereent of topics associated with
an assignment that a student has hit between thesames estimates how much of the
content material that student has examined. Theage number of hits on each

associated topic during this period of time is @saestimation of how often each file is
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consulted. If the average number of hits is lbas one, then at least some of the topics
are not being viewed. If the average number iatgrehan one, at least some of the
topics are being viewed multiple times. Estimatarthe amount of interaction by
students with ITWeb during this period of time @so be determined. The total number
of visits to ITWeb can estimate the frequency ¢¢iactions with ITWeb as part of
completing the assignment.

Finally, the number of hits on a topic after theasated assignment is due can
also be determined. This measure may indicateestadeviewing the content in
conjunction with receiving feedback on the assigminaad/or may indicate reviewing the
material for another assignment, such as an exam.

Benchmark values are provided for the process measiased on the average of
all the values for that measure in the course s iftiormation would not be available
during a true formative evaluation, but it is ubede as a consistent baseline. In a true
formative evaluation, the average for the courséoupat point, and averages for that
same course if taught previously, would be avadlas a suitable baseline.
5.4.2Method for Formative Evaluation with Work Action Alysis

Actually performing the formative evaluation useghba system model and
measures to inform the evaluator’s judgment. Adtdltecting measures, the evaluator
compares his or her expectation for each meastuhetiné true value and places the result
on the appropriate element in the WAA model. Thalwator must then consider the
measures in the context of the whole model bynigathrough the means-end relations
within roles and correspondence relations betwelsr The evaluator judges if there is

a problem and the potential source of that probl@ime evaluator may already have a
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sense that there is a problem if there is a laiffiereince between his or her expectations
and the measures, and the model can provide thext@nd guidance to determine
where that problem exists in the system and hoefiexts propagate through the system.
5.4.2.1Performing the Formative Evaluation

Detailed descriptions of following the method forrhative evaluation for
homework assignments one through five are belomngaWith the insights gained.
5.4.2.2Evaluation of Homework One

The result for the student model is shown in Figukevith the associated
measures relative to the evaluator’'s expectatidime instructor’'s model is shown in
Figure 52. The requirements of this assignmenewsofold: first, students were to set
up an account in ITWeb and register for this cousseond, students were to identify the
skills necessary for jobs in human integrated systeia job advertisements. The first
purpose does not directly involve learning anddngsal with a physical/electronic
outcome as opposed to a cognitive learning outctimis, it is not considered in this

analysis.
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Role: Student
Whole Assignment — Homework 1 Content
Role Gain skills and - - Assess own Achieve desired -
iectivi knowledge for || Achieve desired . . Learn content to Spend de_swed
Objectives em‘gloyguent knowledge and skill | |grade on assignment prepare for amount of time on
assignments studying the
Learn for joy of Time content
learning management
Cognitive Evaluate time and | ==
Activities effort to spend on onsider afl Job Skills - -
. designated in ads [[Internalize knowledge | [ Evaluate time and
assignment
- Identify deficienci Sffort to spend
Select ads with Consider own knowledge JAverage hits on
respect to assignmen submission with > 9 S
respect to feedback topics: 0.5 before due
Bhveical . - Adate (low), 1.7 after
ysical Hits on feedback: 2.7 Equire homework | [ Compile relevant job ads | due date (high)
Actions hits/student, higher [ somiass ]
than expected Submit ads Review topic files
Check topic files fo Participate in discussion
keywords § § - -
"Attend discussion of [ Ask guestions outside of class |
assignment
Atomic - -
Elements [Instructor's lecture | [ 1Tweb topic record |
Syllabus Topic file: 390 | [ Student's notes |
A
dialog

Figure 51: Model of Homework One with Evaluation Dda for the Student Role
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Role: Instructor
Whole Assignment — Homework 1 Content
Role ctive
Obiecti Get students to relate Get students to work Get students to
jectives 1 course content to toward course objective 1 comprehend topic
career content
Cognitive Consider past use of this | Assess performance Distill knowledge to a Relate topics to
Activities assignment on assignment presentation personal experience
Estimate time to complete| | Consider consistency | Organize topics by concept |
f i f . - —
0 wz;r:én[%;ic:ssn Identify deficiencies in
Determine importance | Determine how to | student knowledge
[ Establish wording of assignment | communicate topics
Physical [Create assignment in ITwel] [ Compare assign. and topics | | [__Give lecture | [Prepare for lecture |
Actions - T and] _ _
[ Write assignment | Assign grade and leave Create topic files
feedback - assignment
[ Examine pastassn. | | Compile responses ]| [ Postfilesin ITweb | | Answer questions
[ PostfilesinITweb | [ Assign grade weights | [Create topic Tn TTWeh] outside of class
[Read student submissions | | Discuss in class |
Atomic [ wen 1)1 HomeworkL.pdf | [ Tweb assignment record ]| [_Instructor's lecture | [ ITweb topic record |
Elements — _
[ Past similar assignments_| [ Topicfile:390 | [ Instructor's notes |
Syllabus Grade & feedback on
[ Classroom ] | Job ads | submissions In-class discussion Out of class student-
— instructor dialog
[ Student submission | [ Feedback to whole class |

Figure 52: Model of Homework One for the Instructor Role

For this assignment, the model and measures irdibat students are generally
engaging in the cognitive learning portion of thgsignment as expected. Student grades
are above expectations, implying that studentgagaging in the related physical
actions. The key physical actions related to tlaglg is “compile relevant job ads” which
is related to the cognitive activity “select adshwiespect to assignment.” Part of
engaging in this cognitive activity is the requimmto search for key words related to
human integrated systems acquired from lectureoariaé topic file. Students rate the
topic file well and so perceive themselves as wtdeding this topic. Students are
hitting this topic less than expected, but this rhaythe result of students taking notes in
lecture before they had access to the file in ITW€bus, there appear to be no problems
to students achieving the key cognitive activitglext ads with respect to assignment,”
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and it is inferred that students are engagingimabgnitive activity.

Another cognitive activity the instructor attemptsnduce in students is for
students to consider all the job skills identifl@dtheir peers. As seen in the model, the
instructor compiles the submissions and returnsitteestudents as part of their feedback
on this assignment. Student hits on the feedbeeckigh, nearly three hits per student,
implying that students are reading the feedbackcanapiled job skills. This physical
action is related to the cognitive activity of “cader all job skills designated in ads.”
Also related to this cognitive activity is the acti“review topic files”, as this may be
done relative to the submissions. This actiorilss being performed more than
expected, though not to the extent of the hitsemdlback. The fact that students are
engaging in these physical actions implies thadestts are also engaging in the desired
cognitive activity, though it is difficult to deteine how successful they are without
other measures.

No essential problems are found through the mauinaeasures, and homework
assignment one is judged to be successful. In dfthis result, a formative evaluation
would conclude that no interventions would be sstggkat this time.
5.4.2.3Evaluation of Homework Two

The compiled evaluation data from the measuresitakehomework assignment
two is found in Table 8, and the model of the shi@erole with the associated measures
relative to the evaluator’'s expectations is foumérigure 53. The model of the
instructor’s role can be found in Figure 54. Resaf the survey questions are not
included in the model as they only refer to topi® 4 If only the measures in Table 8 are

considered, the grades indicate that there is lalgmowith both parts of the assignment,
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but not where that problem may exist in the system.

Overall, the model and measures indicate that atadae having difficulty with
this assignment. The homework grade is linkechtb@imarily based on the physical
action “examine designs.” This physical actioprnsnarily linked to the cognitive
activity “evaluate designs relative to content.hus, based on the model, students are not
fully engaging in this cognitive activity leading poor grades. Part of this cognitive
activity is to consider the designs relative to¢batent, requiring students to understand
the content. So, it has means-end relations toexiés in the content column, including
the physical action of “review topic files.” Be®the assignment is due, students
perceive themselves as learning the material aesewel. The topic ratings are good,
which is linked to the physical actions of downlwayg reading and reviewing the topic
files, and in turn are linked to the cognitive waityi of “internalize knowledge.” The
assessments indicate that students have learnedritent at the level of being able to
recall knowledge. Students have downloaded thie fdes at a lower rate than expected,
which may be some cause for concern, but the asses$s and ratings do indicate
learning by the students. Based on this, the proldtudents have achieving the
cognitive activity “evaluate designs relative totant” does not appear to be related to
their knowledge of the content, but in the cogmeitactivity of evaluating designs.

Students also had difficulty with the peer reviesvtipn of this assignment. The
grades are low, which are related to the physictibas “read other submissions” and
“write peer review comments.” Students made manyenhits than expected in the peer
review section of the website, implying they lookednany different submissions.

However, the number of peer comments left was Idhan what the assignment
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required. Students appear to be struggling teevadimments, which is related to the
cognitive activity “evaluate other’'s work.” The oel and measures imply here that
students are not performing this cognitive activity

One positive result here is that after the assigriwas due, students viewed the
feedback provided by the instructor and downloaded files at higher than expected
rates. This implies students are engaging in tlgmitive activities of considering their

own submissions and peer review comments with otspehe instructor’s feedback.
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Table 8: Compiled Evaluation Measures for Homeworkrwo

Measure

Result

Homework Grade

p = 3.9/5 (All Homework assignments: p = 4.4/5)

Peer Grade

p = 3.5/5 (All Homework assignments: p = 4.4/5)

Number of Peer
Comments

M = 4.6 comments/student (whole course p = 4.8)

Hits on Feedback

p = 5.5 hits/student, (whole course p = 2.3)

Peer Review Hits

M = 95.9 hits/student, (whole course p = 53.4)

Survey Question 1

Topic 410: (24% response)

1 attend class

10 looked at notes and content files
6 read textbook

1 looked at project work

Survey Question 2

Topic 410: (24% response)
45% Part hard, part easy

54% Somewhat easy

Survey Question 3

Topic 410: (24% response)
9% Memorize facts
72% Reflect on meaning of material

18% Attempt to apply to new situations

Assessments

Topic 406: 87% correct (91%response rate)
Topic 407: 100% correct (87% response rate)

Topic 410: 4 questions (87%, 87%, 95%, 91% correct) (53%

response rate)

Student Ratings

Topic 406: 4 ratings (8%); Min=3, Max=5, Median=4
Topic 407: 2 ratings (4%), Min=2, Max=4, Median=3
Topic 408: 1 rating (2%), rating=5
Topic 410: 1 rating (2%), rating=5

Number of Logins

M = 4.7 logins (whole course p = 11.4)

Percent of Topics Hit
(Lecture to Due Date)

M = 44% (whole course p = 52%)

Average Hits/Topic
(Lecture to Due Date)

p = 0.8 hits/topic (whole course p =1.1)

Average Hits/Topic (After
Due Date)

p = 1.5 hits/topic (whole course p = 1.3)
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Role: Student
Whole Assignment — Homework 2 Content
ggle i Gain skills and | f Achieve desired| I Assess own knowledge | [Spend desired amount of Learn content to prepare
jectives knowledge for grade level and skill time on assignment for assignments
employment
- - Achieve desired grade on Spend desired amount of
Learn for joy of Time assignment time on studying the content
learning management
COQ”,”,'VE ||Evaluate time and effort to| [ Evaluate others’ work Relate topics to = -
Activities spend on assignment ersonal experience valuate time
Consider own submission = —— and effort t_o
Select designs with with respect to feedback Identify deficiencies || spend studying
respect to assignment - in knowledge content
Consider own peer _
Evaluate designs relative | [comments with respect to Internalize knowledge
to content feedback
Physical IHits on I . ——— [Assessments indicate
d feedback high L Read feedback, grade knowledge level learnin
Actions 9 on submission g 9
[_Read assignment Read other submissions| Attend lecture Review topic files
H|t§ in p.eer Write peer review Download topic files Participate in
review high o . . comments discussion
Examine desjgse®\ Read feedback, grades Print topic files -
i of peer [ w#®ovaluation on comments Read topic files
comments low | [ Submi evaivaton | | Attend discussion of jHits before due low;
Submit evaluation assignment__fhits after due high
Atomic TwWeb [ Homework2-11.pdf | [ ITWeb assignment record |
Flements [instrctors cure |
Syllabus examplegoodandbad.pdf Grade & feedback on
Homework2.pdf submissions Topic files: 406,
' 407, 406, 420
Designs in the world Glade & feedback on peer
— review
Student submissions
Peer review comments ] |_JFeedback to whole clas! \
Peer review
grade low

Figure 53: Model of Homework Two with Evaluation Daa for the Student Role
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Role: Instructor
Whole Assignment — Homework 2 Content
Role Course objectives 1, Get students to relate Get students to work Get students to Get students to
Objectives 2,and 4 content to everyday life | [toward course objectives] comprehend topic relate content to
1,2, and 4 content everyday life
Asses? gtudents Assess student Develop students’
proficienc knowledge and skill design evaluation skill
Cognitive - — -
Activities Consider past use of | [Assess performance Distill knowledge to Relate topics to
this assignment on assignment a presentation personal experience
Establish wording of | Determine | Organize topics by Consider past
assignment importance concept lectures on topics
- - Assess performance Identify deficiencies
Corsilercoency Dot oo [ e
g O . communicate topics knowledge
and topics - -
| Estimate time to
Identify errors complete
Physical - - -
Actions Create assignment in Assign grade and Give lecture
ITWeb leave feedback - — outside of class
assignment Create topic files - -
Wit - . Lead discussion
[ write assignment | Assign grade and Post files in ITWeb —
- leave feedback - peer reate topic in
review Prepare for lecture ITWeb
Post files in ITWeb s . o
ssign grade weights
Read student gn g g
Submissions
Compare assign. and Read peer comments
topics
Atomic I 51 Outof ol 3
Elements TWeb Homework2-11.pdf ITWeb assignment le l‘_'t or class S.tu ent-
record instructor dialog
lexamplegoodandbad.pdff Topic files: 406, 407, -
Syllabus Grade & feedback on 408, 410 Instructor’s notes
Homework2.pdf submissions i _ -
Past similar [ In-class discussion | [ 1ITWeb topic record |
assignments Grade & feedback on
eer review
Students’ submissions
Feedback to whole class
Peer review comments

Figure 54: Model of Homework Two for the Instructor Role
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In summary, students are struggling to achievetumnitive activities at the
assignment level. One explanation implied fromrtiael and measures is that this
homework format may have been unfamiliar to stusieamd so they struggled in
knowing how to complete it. Note that both cogr@tactivities students appeared to
struggle with the most involve evaluation of desigiecording to criteria from the course
content. Based on this formative evaluation, revemdations would include giving
students more opportunities to practice these tiwgractivities in and outside of class.
Examples of what is required are already providestadents. Once students have more
guidance in this type of assignment, it is hoped they would be able to achieve the
cognitive activities. Another possibility is tovgi students the same assignment with
different content, giving them more practice orstiype of activity. This was actually
done as homework assignments two through elevéreinourse are identical except for
the content they cover.
5.4.2.4Evaluation of Homework Three

The compiled evaluation data from the measuresitakehomework assignment
three is found in Table 9, and the model with thgogiated measures relative to the
evaluator’s expectations is found in Figure 55 Tiodel of the instructor’s role is
found in Figure 56. Homework three covered theeséour topics covered by homework
two and included six more. Again, the survey rssate not presented in the model as
they only refer to a small subset of the topicseted.

As some topics are covered in both homework assgitstwo and three, the
same pop-up assessment data is used in both bortabess measures are focused on the

time period for this assignment only. Thus, inteting process measures is more
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problematic for this assignment as the intentidrth® student are not known. For
example, a student may review the topics from hoonkwwo in order to understand the
feedback and mistakes on the assignment rathetdhanepare for homework three. Yet,
these measures still record student interactiotis tve CMS while learning. This may
indicate a case where the modeler did not adequedglture the interactions in the
system. Due to the highly related nature of tlessggnments in content and time, they
may be modeled more accurately by including theth bothe same WAA framework.

In spite of this confound, the data indicate thatlents are downloading the content,
which is a desirable behavior.

The homework assignment grade is somewhat loweragkpected, and tracing
through the model as in homework two, this ultimabmplies that the cognitive activity
“evaluate designs relative to content” is not bgegormed as desired. This cognitive
activity is related to the physical actions in twatent column (download, read, and
review topic files), which in turn is related teetatomic elements of the topics and the
cognitive activity “internalize knowledge.” Thesessments indicate that students are
having difficulty at the cognitive activity levelith some of the topics, and student
ratings on one topic are somewhat low. Thus, stisd@opear to be having trouble
engaging in the cognitive activity “internaliziniget knowledge,” indicating difficulty
learning the content. Given this, the model andsuees indicate that the problem with
the cognitive activity of evaluating designs relatto the content may be with
understanding the content and not the evaluatiatesigns.

This is supported by noting that the model and mneasindicate that students are

accomplishing the cognitive activity “evaluatindhets’ work” in the peer review portion
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of the assignment. Student grades are at an eplestel, indicating that the physical
actions are successful. This is further indicdtgdtudents leaving at least the required
number of peer comments. This physical actioreistk the cognitive activity “evaluate
others’ work,” implying that it is being properlydormed. Since students appear to be
able to perform an evaluation of designs, the wblvith “evaluate designs relative to
content” is likely related to the content.

In summary, the model and measures imply that stsdee not successfully
engaging in the cognitive activity related to leagithe content for all topics, which led
to students not being able to perform successti#ycognitive activity “evaluate designs
with respect to the content.” The elements reltdetie peer review portion of the
assignment appear to be accomplished successiitig.recommendation based on this
formative evaluation is that the instructor revigws content with students, especially the

topics that the assessments indicated studentsdiddlly learned.
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Table 9: Compiled Evaluation Measures for HomeworKThree

Measure

Result

Homework Grade

p = 4.1/5 (All Homework assignments: p = 4.4/5)

Peer Grade

p = 4.3/5 (All Homework assignments: p = 4.4/5)

Number of Peer
Comments

H = 4.8 comments/student (whole course p = 4.8)

Hits on Feedback

M = 2.4 hits/student (whole course p = 2.3)

Peer Review Hits

K = 60.8 hits/student (whole course p = 53.4)

Survey Question 1

Topic 410: (24% response)

1 attend class

10 looked at notes and content files
6 read textbook

1 looked at project work

1 nothing

Topic 434: (10% response)

2 looked at notes and content files
2 read textbook

1 looked at project work

2 nothing

Topic 438: (16% response)

4 looked at notes and content files
4 read textbook

3 looked at project work

1 looked at practice exam

1 nothing

Survey Question 2

Topic 410: (24% response)
45% Part hard, part easy
54% Somewhat easy
Topic 434: (10% response)
75% Somewhat easy

25% Very easy

Topic 438: (16% response)
50% Somewhat hard

50% Somewhat easy
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Table 9 (continued)

Survey Question 3

Topic 410: (24% response)
9% Memorize facts

72% Reflect on meaning
18% Apply to new situation
Topic 434: (10% response)
25% Memorize facts

50% Reflect on meaning
25% Apply to new situation
Topic 438: (16% response)
33% Memorize facts

50% Reflect on meaning
16% Apply to new situation

Assessments

Topic 406: 87% correct (91%response rate)
Topic 407: 100% correct (87% response rate)

Topic 410: 4 questions (87%, 87%, 95%, 91% correct) (53% response
rate)

Topic 433: 2 questions (76%, 96%) (53% response rate)

Topic 434: 84% correct (55% response rate)

Topic 435: 64% correct (55% response rate)

Topic 436: 92% correct (55% response rate)

Topic 437: 60% correct (53% response rate)

Topic 438: 2 questions (64%, 96% correct) (53% response rate)

Student Ratings

Topic 406: 4 ratings (8%); Min=3, Max=5, Median=4
Topic 407: 2 ratings (4%), Min=2, Max=4, Median=3
Topic 408: 1 rating (2%), rating=5

Topic 410: 1 rating (2%), rating=5

Topic 433: 3 ratings (6%), Min=3, Max=5, Median=4
Topic 434: 2 ratings (4%), Min=3, Max=5, Median=4
Topic 435: 4 ratings (8%), Min=1, Max=5, Median=3
Topic 436: 2 ratings (4%), Min=5, Max=5, Median=5
Topic 437: 2 ratings (4%), Min=4, Max=5, Median=4.5
Topic 438: 3 ratings (6%), Min=3, Max=5, Median=4

Number of Logins

K = 14.3 logins (whole course p = 11.4)

Percent of Topics Hit
(Lecture to Due Date)

K = 29% (whole course p = 52%)

Average Hits/Topic
(Lecture to Due Date)

p = 0.6 hits/topic (whole course p = 1.1)

Average Hits/Topic (After
Due Date)

K = 1.6 hits/topic (whole course p = 1.3)
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Role: Student
Whole Assignment — Homework 3 Content
——
Role Gain skills and | [ Achieve desired Assess own knowledge | [Spend desired amount of Learn content to prepare
Objectives knowledge for grade level and skill time on assignment for assignments
employment
- - Achieve desired grade on Spend desired amount of
Learn for joy of Time assignment time on studying the content
learning management
COQ”_'F'VE Evaluate time and effort to [ Evaluate others’ work Relate topics to Eval -
Activities spend on assignment personal experience valuate time
Consider own submission - —— and effort tp
Select designs with with respect to feedback Identify deficiencies || spend studying
respect to assignment - in knowledge content
Consider own peer
Evaluate designs relative | |comments with respect to —
to content feedback Assessments indicate
- knowledge level -
Physical Hits on feedback Download files Read feedback, grade learning, problems with
Actions as expected - on submission topics 435, 437, 438
Read assignment Read other submissions| Attend - —
Hits in peer Write peer review Download topic files Participate in
review high » comments discussion
Read feedback, grades Print topic files Ask questions
valuation on comments ‘ Read topic files outside of class
of peer comments Attend discussion of
as expected assignment Hits before due low;
ghits after due high
é}omlc t ITWeb [[_Homework2-11.pdf | [ ITWeb assignmPrereesre= nstructor's lecture | |In-class discussion
ements —
SViabus examplegoodandbad.pdf Grade & feedback on Topic files: 406, IMI
somissions 434, 435, 436, 437
Homework?2.p 434, 435, 436, 437, | Student-instructor
[ Designs in the world ] e & feedback on peer 438 dialog
review
Student submissions
[fFeedback to whole
Ratings
Peer review generally good,
grade as topic 435 low
lexpected

Figure 55: Model of Homework Three with EvaluationData for the Student Role
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Role: Instructor
Whole Assignment — Homework 3 Content
Role Course objectives 1, Get students to relate Get students to work Get students to Get students to
Objectives 2,and 4 content to everyday life | [toward course objectives] comprehend topic relate content to
1,2, and 4 content everyday life
Asses? gtudents Assess student Develop students’
proficienc knowledge and skill design evaluation skill
Cognitive - — -
Actgi’vities Consider past use of | [Assess performance Distill knowledge to Relate topics to
this assignment on assignment a presentation personal experience
Establish wording of | Determine | Organize topics by Consider past
assignment importance concept lectures on topics
- - Assess performance Identify deficiencies
Corsilercoency Dot oo [ e
g O . communicate topics knowledge
and topics - -
| Estimate time to
Identify errors complete
Physical - - -
Actions Create assignment in Assign grade and Give lecture
ITWeb leave feedback - — outside of class
assignment Create topic files - -
i s
it assignmen Assign grade and Post files in ITWeb —
- leave feedback - peer reate topic in
review Prepare for lecture ITWeb
Post files in ITWeb s . o
ssign grade weights
Read student gn g g
Submissions
Compare assign. and Read peer comments
topics
Atomic -
Elements Wen Homework2-11.pdf ITWeb assignment Instructor’s lecture Ol:;:tfrsng ;t:lgent-
record [Topic files: 406, 407, 9
lexamplegoodandbad.pdff 408. 410, 433, 434
Syllabus Grade & feedback on 435' 436’ 437’ 438’ Instructor’s notes
Homework3.pdf submissions
Past similar [[In-class discussion ] [ ITWeb topic record |
assignments Grade & feedback on
peer review
Students’ submissions
Feedback to whole class
Peer review comments

Figure 56: Model of Homework Three for the Instructor Role
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5.4.2.5Evaluation of Homework Four

Table 10 contains the compiled measurement refsulteomework four, and the
model with the associated measures relative tevhkiator's expectations is found in
Figure 57. The model of the instructor’s roleasrid in Figure 58.

No problems are indicated by the measures in thig@ment column, thus it is
implied that the cognitive activities are beingfpaned as expected. In fact, the model
and measures imply that the cognitive activity ‘laage others’ work” is being
performed especially well. The peer review graateshigher than expected at the atomic
elements level, indicating that the related physactions of “read others submissions”
and “write peer review comments” are being execpeaticularly well. Along with this
result are measures of these physical actionsatidg higher than expected hits in the
peer review section and students leaving more consiiban are necessary. Thus,
students are engaging in the peer review activitiese than expected or necessary,
implying that the associated cognitive activity &ate others’ work” is being executed
repeatedly and well. One reason for this may biet@nface problem with ITWeb at the
time. Some students complained to the instrutiatrthey could not easily determine
how many comments they had left, as this was raatieindicated. To ensure they left
a sufficient number of comments, they made commamtshat they believed was more
than the required number of their peers’ work. M/this interface problem caused
frustration among the students, it may have alsrituted to learning in that the
students spent more effort in completing the pralsactions, which could lead to higher
achievement of the cognitive activities.

While students seem to be performing the assignmelhtthey are not uniformly
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performing cognitive activities well with respeotthe course content. The assessment
guestions indicate that students may be havingedify with the cognitive activity
“internalize knowledge” for topic 441. This cogwé activity is related to all the
physical actions in the content column. Studerdsdawnloading the material at a lower
rate than expected, but that has been a conspértn in this course. Key atomic
elements to these physical actions are the toes. fiwwhile ratings of these are
somewhat mixed, the file for topic 441 was notdads being difficult. This implies that
the problem with this topic exists elsewhere, gagsn the elements related to the
lecture (e.qg., instructor’s lecture, attendingUeet participating in discussion, etc.) or a
lack of students reading and reviewing the material

In summary, this analysis shows the cognitive #&tivare achieved, except
possibly with respect to topic 441. A formativeaation would recommend
remediation on this topic and possibly further gttaldetermine the element(s) that are

the sources of the problem.
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Table 10: Compiled Evaluation Measures for Homework=our

Measure

Result

Homework Grade

H=4.3/5

All Homework assignments: p = 4.4/5

Peer Grade

H=4.8/5

All Homework assignments: p = 4.4/5

Number of Peer
Comments

M = 5.1 comments/student (whole course p = 4.8)

Hits on Feedback

W = 2.6 hits/student (whole course p = 2.3)

Peer Review Hits

M = 65.8 hits/student (whole course p = 53.4)

Assessments

Topic 439: 2 questions (92%, 92% correct) (55% response rate)
Topic 440: 3 questions (85%, 88%, 92%) (55% response rate)
Topic 441: 3 questions (92%, 68%, 70%) (51% response rate)

Student Ratings

Topic 439: 2 ratings (4%); Min=4, Max=4, Median=4
Topic 440: 1 rating (2%), rating=3

Topic 441: 3 ratings (6%); Min=4, Max=4, Median=4
Topic 442: 2 ratings (4%); Min=2, Max=4, Median=3

Number of Logins

K = 13.9 logins (whole course p = 11.4)

Percent of Topics Hit
(Lecture to Due Date)

K = 40% (whole course p = 52%)

Average Hits/Topic
(Lecture to Due Date)

K = 0.7 hits/topic (whole course p =1.1)

Average Hits/Topic (After
Due Date)

p = 0.9 hits/topic (whole course p = 1.3)
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Role: Student
Whole Assignment — Homework 4 Content
Ro!e ) Gain skills and | { Achieve desired | J["Assess own knowledge | [Spend desired amount of] Learn content to prepare
Objectives knowledge for grade level and skill time on assignment for assignments
employment
. . Achieve desired grade on Spend desired amount of
Learn for joy of | Time assignment time on studying the content
learning management
Cognitive Evaluate time and effort to| [_Evaluate others’ work Relate topics to | -
Activities spend on assignment ersonal experience|| Evaluate ime
Consider own submission - ——— and effort to
Select designs with with respect to feedback Identify deficiencies | spend studying
respect to assignment - in knowledge content
Consider own peer _
Evaluate designs relative | [comments with respect to Internalize knowledge
t tent feedback —
oomen ceac Assessments indicate
PhySIC&| . d files Read feedback, grade knowledge level learning
Actions on submission on topics 439, 440,
[ Read assignment — Atterftrouble with 441
Hits in peer ead lother subm?ssmns
review high Search for design Write peer review
. comments
Examig ns Read feedback, grades
of peer comments rite_ evaluation on comments Baaceonic files
higher than expected _ _ ‘Attend discussion §Hits before due low;
Submit evaluation assignment __ffhits after due
p Yslightly low
Atomic [ mweb ] [ Homework2-11.pdf | [_ITWeb assign/um— [in-class discussion]
Elements ;
Instructor’s lecture
Sylabus examplegoodandbad.pdf Grade & feedback on
Homework2.pdf submissions Topic files: 439, -
P _ 440, 441, 442 Student-instructor
Classroom | Designs in the world Grade & feedback on peer dialog
review
Student submissions
Peer review comments Feedback to whole’clyss .
¥ JRatings good
Peer review for topics 439,
grade higher 441, mixed for
than expected 440, 442

Figure 57: Model of Homework Four with Evaluation Data for the Student Role
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Role: Instructor
Whole Assignment — Homework 4 Content
Role Course objectives 1, Get students to relate Get students to work Get students to Get students to
Objectives 2,and 4 content to everyday life | [toward course objectives] comprehend topic relate content to
1,2, and 4 content everyday life
Asses? gtudents Assess student Develop students’
proficienc knowledge and skill design evaluation skill
Cognitive - — -
Activities Consider past use of | [Assess performance Distill knowledge to Relate topics to
this assignment on assignment a presentation personal experience
Establish wording of | Determine | Organize topics by Consider past
assignment importance concept lectures on topics
- - Assess performance Identify deficiencies
Corsilercoency Dot oo [ e
g O . communicate topics knowledge
and topics - -
| Estimate time to
Identify errors complete
Physical - - -
Actions Create assignment in Assign grade and Give lecture
ITWeb leave feedback - — outside of class
assignment Create topic files - -
Wit - . Lead discussion
[ write assignment | Assign grade and Post files in ITWeb —
- leave feedback - peer reate topic in
review Prepare for lecture ITWeb
Post files in ITWeb s . o
ssign grade weights
Read student gn g g
Submissions
Compare assign. and Read peer comments
topics
Atomic oy Outord 3
Elements e Homework2-11.pdf ITWeb assignment Instructor’s lecture ut of class student-
record instructor dialog
lexamplegoodandbad. pdf Topic files: 439, 440, ,
Syllabus Grade & feedback on 441, 442 Instructor’s notes
Homework4.pdf submissions i _ -
Past similar [ In-class discussion | [ 1ITWeb topic record |
assignments Grade & feedback on
eer review
Students’ submissions
Feedback to whole class
Peer review comments

Figure 58: Model of Homework Four for the Instructor Role
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5.4.2.6Evaluation of Homework Five

The compiled data for homework five are found iml€all, and the model with
the associated measures relative to the evaluaepsctations is found in Figure 59.
The model for the instructor’s role is found in &ig 60. All measurements in the
assignment dimension indicate that students areesstully completing physical actions,
suggesting they are completing the desired cognéativities in that column as well.

In the content column, the assessment measuresaiadhat students are having
difficulty with the cognitive activity of internating knowledge on topics 448, 451, and
452. One physical action this cognitive activiéyrelated to is downloading topic files.
Measures of students’ hits shows that they dowmddde topic files at a much lower
rate than expected, even lower than has been mgyiseen in this course. The ratings
of the files for these problem topics are up toestations, implying that the problem is
not with the files. All this suggests that the ldeam exists with student engagement with
the material. Possibly they are not reviewingrtitaerial sufficiently to learn it, or are
not downloading it at all. Measurements of theeotphysical actions may be able to
pinpoint this problem.

In summary, this analysis shows the cognitive #@i are achieved, except
possibly with respect to internalizing knowledgeagics 448, 451, and 452. A
formative evaluation would recommend remediationttm@se topics and possibly further

study to determine the element(s) that are theceswf the problem.
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Table 11: Compiled Evaluation Measures for HomeworkFive

Measure

Result

Homework Grade

H=45/5

All Homework assignments: p = 4.4/5

Peer Grade

n=4.7/5

All Homework assignments: p = 4.4/5

Number of Peer
Comments

M = 5.0 comments/student (whole course p = 4.8)

Hits on Feedback

W = 2.2 hits/student (whole course p = 2.3)

Peer Review Hits

M = 61.5 hits/student (whole course p = 53.4)

Assessments

Topic 447: 2 questions (80%, 95% correct) (44% response rate)

Topic 448: 4 questions (68%, 73%, 36%, 78% correct) (36% response
rate)

Topic 450: 94% correct (42% response rate)
Topic 451: 64% correct (38% response rate)
Topic 452: 2 questions (42%, 33% correct) (36% response rate)

Student Ratings

Topic 447: 3 ratings (6%); Min=4, Max=5, Median=4
Topic 448: 3 ratings (6%); Min=4, Max=5, Median=5
Topic 449: 3 ratings (6%); Min=3, Max=5, Median=3
Topic 450: 3 ratings (6%); Min=4, Max=4, Median=4
Topic 451: 2 ratings (4%); Min=3, Max=4, Median=3.5
Topic 452: 3 ratings (6%); Min=4, Max=4, Median=4
Topic 453: 2 ratings (4%); Min=2, Max=4, Median=3

Number of Logins

p = 11.2 logins (whole course p = 11.4)

Percent of Topics Hit
(Lecture to Due Date)

K = 19% (whole course p = 52%)

Average Hits/Topic
(Lecture to Due Date)

p = 0.3 hits/topic (whole course p = 1.1)

Average Hits/Topic (After
Due Date)

K = 0.9 hits/topic (whole course p = 1.3)
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Role: Student
Whole Assignment — Homework 5 Content
—
Role Gain skills and | [ Achieve desired Assess own knowledge | [Spend desired amount of Learn content to prepare
Objectives knowledge for grade level and skill time on assignment for assignments
employment
- - Achieve desired grade on Spend desired amount of
Learn for joy of Time assignment time on studying the content
learning management
Cognitive Evaluate time and effort to| [ Evaluate others’ work Relate topics to T
Activities spend on assignment ersonal experience|| Evaluate time
Consider own submission - —— and effort to
Select designs with with respect to feedback Identify deficiencies | | spend studying
respect to assignment - in knowledge content
Consider own peer ‘
Evaluate designs relative [ [comments with respect to Internalize knowledge
IHits on feedback 1o content feedback [Assessments indicate
: roblems with topics
PhYS'cal Ias expected 1= — ead feedback, grade 248 451, and 45p2
Actions on submission i !
Hits in peer Read assign ead other submissions]| Attend lecture ] | Review topic files
review high Search for design Write peer review Download topic files][  Participate in
comments discussion
T Read feedback, grades
i N on comments " pic fi f cl.
Igs expected LT Write evaluation Hits before due ppic files o] of class
Attend discussion of - hi
assignment. 1Y low hits after
due slightly low
é}gnr::ms ITWeb Homework2-11.pdf ITWeb assignment record | [ instructor's lecture | [In-class discussion]|
examplegoodandbad.pdf
Syllabus Peg D Gradseu S n:?sesciigr?gk on Topic files: 447, Student’s notes
Homework2.pdf 448, 449,450, 451,| ['student-instructor
__Classroom [__Designs in the world ] rade & feedback or} peer A3 dialog
review
Student submissions |
Feedback - Ratings good
Peer review for topics
Homework grade higher except 453,
grade as than expected hich is mixed
lexpected

Figure 59: Model of Homework Five with Evaluation Data for the Student Role
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Role: Instructor
Whole Assignment — Homework 5 Content
Role Course objectives 1, Get students to relate Get students to work Get students to Get students to
Objectives 2,and 4 content to everyday life | [toward course objectives] comprehend topic relate content to
1,2, and 4 content everyday life
Asses? gtudents Assess student Develop students’
proficienc knowledge and skill design evaluation skill
Cognitive - — -
Activities Consider past use of | [Assess performance Distill knowledge to Relate topics to
this assignment on assignment a presentation personal experience
Establish wording of | Determine | Organize topics by Consider past
assignment importance concept lectures on topics
- - Assess performance Identify deficiencies
Corsilercoency Dot oo [ e
g O . communicate topics knowledge
and topics - -
| Estimate time to
Identify errors complete
Physical - - -
Actions Create assignment in Assign grade and Give lecture
ITWeb leave feedback - — outside of class
assignment Create topic files - -
i s
it assignmen Assign grade and Post files in ITWeb —
- leave feedback - peer reate topic in
review Prepare for lecture ITWeb
Post files in ITWeb s . o
ssign grade weights
Read student gn g g
Submissions
Compare assign. and Read peer comments
topics
Atomic oy Outord 3
Elements e Homework2-11.pdf ITWeb assignment Instructor’s lecture ut of class student-
record Fronic filos 427 248 instructor dialog
lexamplegoodandbad.pdff 4%;‘:4'5%5‘451 '452 ’
Syllabus Grade & feedback on g 4'53 ) ) Instructor’s notes
Homework5.pdf submissions - = -
Past similar [ In-class discussion | [ 1ITWeb topic record |
assignments Grade & feedback on
eer review
Students’ submissions
Feedback to whole class
Peer review comments

Figure 60: Model of Homework Five for the Instructa Role
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5.5Summary

This chapter has demonstrated how objectives two, find five of this
dissertation are met. Objective two is to developethod for planning evaluation where
a representation of the system is created using W8@ction 5.1 presents such a
method, meeting objective two. Objective fouragievelop a method for formative
evaluation using the model (resulting from objeesiwne and two) and measures.
Section 5.3 presented such a method for formatratuation, meeting objective four.
Objective five is to demonstrate the use of WAApeyforming planning and formative
evaluations (from objectives two and four) on adengraduate course using measures
collected from the CMS (from objective three). t8ats 5.2 and 5.4 presented the
demonstrations of WAA for planning and formativakesations of a portion of ISyE
4009 taught Spring, 2003, meeting objective filreaccordance with the scope and
purpose of the analysis, a WAA model was constduftie planning evaluation. This
model along with measures collected through the @MS used for formative
evaluation.
5.5.1Insights Gained Through Model and Measures

Several insights to the system were gained thrglayming evaluation. First, the
planning evaluation showed that the designed systements were aligned with the role
objectives and system goals. Thus, the systenpveakicted to meet the required goals,
and the design successfully passed the plannirlgaian. Second, the immediate ends
were identified that each system element were d&ddo produce. This allows tailoring
of each element to focus on achieving its immeddaids. Third, the cognitive activities

that serve as the means-end bridge between olgecivd physical actions were
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identified. While some pedagogies make these @xptiot all do and identifying their
role should be a key part of planning evaluatiéourth, the complete chain of means-
end relations was identified, allowing further ¢aihg of each element with respect to the
ultimate objectives they support. Finally, thistheel emphasized the importance of
certain system elements that may not be obviows, as feedback to students and
student questions.

These insights represent several benefits of ubmyVAA method for planning
evaluation. While an evaluator may derive at lsaste of these without WAA, the
method and the structure of the model bring outh@iée insights. Also, WAA can be
used by less experienced evaluators as it makdisie®pe various aspects of the system
that must be known to perform an effective planremgluation.

Several insights were also gained during formagivauation that used both the
model and the measures. In the assignments, #heador used the model to identify
specific cognitive activities that were not beirggfprmed as needed for the desired
learning to take place, or, as with homework asagmt three, were being performed
even more than were expected. The model then efldire evaluator to trace through
the means-end chains to examine what elements gaepdgbese activities and consider
the measures in that context. Although the measueze in some cases not able to
identify where a specific problem may exist, thegrevable to eliminate parts of the
system where the problem does not appear to exist.

The formative evaluation also revealed changes tiwerin that students were
not initially experienced in the cognitive actieisi associated with assignments two

through five. Evaluation of assignment two, wheadgs were particularly low, also
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showed that students examined the feedback provaatetithen their performance
increased in subsequent assignments.

In addition to these insights, the formative evabrafound that there may be
deficiencies in the model created under plannirajuation. The fact that the average
number of hits on each content file per studerdsdn be below one indicates that
students are either ignoring the content fileslabée through the website or they are
spontaneously collaborating to distribute the fil@fe latter possibility is the most likely
and can be included as a single physical actidshare content files among peers” in the
role of the student or can be described in gretil, depending on the scope and level
of detail required for the analysis.

As in planning evaluation, an evaluator may forrmsmf the insights reached
here based solely on the measures. However, thitkdwequire the evaluator to have a
comprehensive, consistent mental model of the systehe WAA method leads the
evaluator to develop a comprehensive, consisteitogixmodel to support coming to
these conclusions.
5.5.2Limitations of the Model and Measures

One limitation of using the method presented here¥aluation is in the
coverage of the system provided by the measuresexample, in homework
assignment five, the measures suggest that studentet engaging in a key cognitive
activity associated with particular content. Otirerasures of the topic files themselves
can only suggest that those are not the probleatkihg measures of other atomic
elements and physical actions, it is not possibldetermine precisely where the source

of the problem lies. One of the recommendationgifat assignment is to attempt to
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measure other parts of the system, especially elesnne the content column, to try and
identify the source of the problem. Thus, while thodel is shown here as a powerful
tool to interpret the measures and guide the etialyat relies on adequate observability
of the system by the measures.

Another limitation is that the evaluator may makeresccurate model of the
system, especially when the evaluator’'s mental iisdecorrect. This could lead to
incorrectly judging the alignment of the system artdrpreting the measures. However,
aspects of WAA mitigate this limitation. Firstetimethod of creating a model leads the
evaluator to be comprehensive and detailed iniag#te model, potentially uncovering
any inaccuracies in the model as it is develoggelcond, proper use of the measures can
reveal inaccuracies in the model. This is seghe@rdemonstration in section 5.4.2 and
discussed in section 5.5.1 where students contlistlwnloaded content files at lower
rates than expected by the evaluator. This cargisteasure without evidence that
students did not comprehend the material stronggygests that the students are engaging
in some activity to acquire the course notes dtfan what is indicated in the model.
5.5.3Model Templates to Guide Future Model Development

Another benefit of the work in this chapter is thevelopment of a set of WAA
models that can be used as templates for implengeWAA in other learning service
systems. These models will be most beneficiabamptates for other learning service
systems that follow a typical pattern of lectureslass and weekly homework
assignments, and have content and assignmentstboansthe cognitive activity of
evaluating designs. These templates are spegifteet pedagogy of the instructor of this

course and to the cognitive activities the instrueixpected of the students in their
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assignments. As such, they do not eliminate tleel fer evaluators to follow the method
for developing a WAA model. However, they do ithage many generalizable aspects of
common course structure, and in doing so can stieathe development of WAA
models, and can provide guidance to evaluatorsto@AA. In following the method
given earlier in Chapter 3 to develop their own WhWdel, then, course designers,
evaluators and instructors can build on these tetap| modifying elements to reflect
their pedagogy and expectations of student cognéativities. The complete models are
presented in Appendix B, and models illustratinfedent student cognitive activities
(framed in terms of Blooms’ taxonomy) were presdrdarlier in Chapter 3 in Figures

14-17.
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CHAPTER 6

SUMMARY, CONTRIBUTIONS, AND FUTURE WORK

6.1 Summary of Work

The five objectives stated in section 1.2 have lmeenby the work presented in
this dissertation. The first objective is “develmork action analysis model that can be
applied to represent learning service systems, as@ducation.” Chapter 3 describes
the modeling framework of WAA (section 3.2.3), thethod for creating a WAA model
(section 3.4), and the application of WAA to an eational system (section 3.5). As
noted in Chapter 3, the WAA model was developeeétignding other cognitive
engineering models, and by examining the natuteasfing service systems and their
commensurate modeling requirements. SpecificlA is a cognitive engineering
method that captures both cognitive and environat@ainstraints inherent to all relevant
roles in learning service systems. As revieweskiction 2.1.3.4, up to now there have
been neither other cognitive engineering methodsdapture both types of constraints in
one modeling method nor methods capable of cagfuin@ interactions of multiple roles
in these types of systems. In addition, sectidi23discusses how templates of models
can be created.

Objective two, “develop a method for planning ewailon where a representation
of the system is created using work action analysisnet in Chapter 3 and applied in
Chapter 5 to evaluation of a course. Planninguateidn using WAA is identified as the
method of creating a WAA model, and this generahwoe is identified in section 3.4. In
section 5.1 this method is shown to provide thefions of planning evaluation and is an

improvement over current methods, particularly ttuthe explicit identification of
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means-end relations.

The third objective, “develop a set of measuregdanative evaluation that can
be administered through a CMS with built-in datemtion and analysis capabilities,” is
met in Chapter 4. Section 4.3 describes in d#étaimeasures and a centralized
evaluation tool implemented in ITWeb. At least @i@ach type of measure identified in
chapter 2 (performance, perception, and processjrgrlemented in ITWeb. These
measures mitigate the major obstacle to engine@rsiguctors performing more
evaluation, i.e., the time required to perform aa#ibn activities (as shown in Figure 7).

Objective four, “develop a method for formative kexdion using the model and
measures” is met in chapter 5. Section 5.3 de=sstire general method for formative
evaluation documented in the literature, presdm@srethod for performing formative
evaluation with WAA, and details how the methodsgrged here performs a formative
evaluation. In addition, the WAA method is showrbe an improvement over current
methods as WAA gives explicit guidance in how todelca system for evaluation and in
how to select and interpret measures in the coofextsystem model.

Finally, objective five, “demonstrate the use ofrkaction analysis by
performing planning and formative evaluations oruadergraduate course using
measures collected from the CMS” is met in sectm@s describing planning evaluation,
and 5.4, describing formative evaluation with theasures collected in ITWeb. The
demonstration of planning evaluation showed thatsystem goals are aligned with the
other system elements. The demonstration of fammatvaluation identified specific
elements that were preventing the system goals lfreing met and resulted in

recommendations for improving the system.
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6.2 Contributions to the Evaluation of Learning Sen@&sstems

6.2.1Model and Method for Planning and Formative Evatrat

The objectives of this dissertation included depilg WAA as a representation
of learning service systems and developing methmdse WAA models for planning
and formative evaluation.

The WAA model provides a comprehensive and detagpdesentation of a
learning service system, identifying the speciiog of relations between the various
elements, roles, and system goals. The meangard;whole, and roles of agents
dimensions provide a framework that categorizesetgs of the system with greater
detail than typically provided by other evaluatimethods (for example, see discussion
of Grady’s method in section 5.1 and Walker’'s mdthosection 5.3). Through the
relations between elements, the model supporisgesystem alignment and
interpretation of measures.

The WAA model also provides an explicit model of #avaluator’'s mental model
of the system. This can have the same benefiteeastudent model created in an
intelligent tutoring system (ITS) (Anderson, Boy#eReiser, 1985). An ITS creates an
explicit model of the student’s knowledge in orterdentify deficiencies in that
student’s knowledge. Similarly, WAA requires tlia¢ evaluator make an explicit
mental model of the system, which can be usedewtify deficiencies in the evaluator’'s
conception of the system. By making the evaluakamine his or her mental model,
areas of inconsistency may be revealed that mustdmdved. Also, the method for
creating a WAA model leads the modeler to consideomprehensive view of the

system across the three dimensions of the framework
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The WAA methods presented here to perform planamdjformative evaluation
are also contributions. The method to create a VW#oAlel (section 3.4) both builds a
WAA model and is itself a method for planning easlan. Evaluators who are not
familiar with WAA or cognitive engineering can cteaVAA models using this method.
Each step logically builds on the other: the metleadis the evaluator to first consider
the big picture of how to frame the system as aleyitben to identify individual
elements in a logical order. Creating a WAA madellso a form of planning evaluation
and has the characteristics of planning evaluaitentified in the literature (see
section 5.1). The major advantages of this metiigadanning evaluation include the
detail and comprehensiveness of the system mdaemethod for enabling evaluators
who are not expert in WAA to create an accuratgilbel, and comprehensive model,
and the model’s ability to explicitly analyze thHegament of the system.

Similarly, the method for formative evaluation mreted in this dissertation
provides guidance to evaluators in applying WAA ftmmative evaluation. This method
has the characteristics identified in the literataf formative evaluation (see section 5.3).
Evaluators who are not familiar with WAA or cogwmiiengineering can follow this
method. The method for formative evaluation |lethdsevaluator to interpret the
measures taken on the system in the context afttheture of the system as represented
in the WAA model. This allows the evaluator tocaany problems detected to their
potential source and back to the role objectivassystem goals that are not being met,
which is especially beneficial when the sourcehefproblem is not easily measured
directly. This method also has the advantage lvfing directly from the model

building method of planning evaluation, making anpoehensive evaluation method that
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uses a consistent model through the stages ofipiguand formative evaluation.
6.2.2Educational Alignment as Examining Means-End andé€pondence Relations

As discussed in section 5.1, the alignment of gaatsthe means to achieve them
in an educational system is seen as an importahbpplanning evaluation; however,
there are no specifications in the education liteeafor how to judge if a system is
aligned. This dissertation has demonstrated thi@rohining if an educational system is
aligned is equivalent to determining if all systelaments within a role are related via
means-end relations and if the system goals witlhaltely be achieved by the actions
and activities of all the roles linked by corresgence relations.
6.2.3Application to Other Learning Service Systems

This test case of WAA has shown how it can be agdior planning and
formative evaluation in an undergraduate engingesourse. The same methods for
these types of evaluation could be applied to alspects of university education in
general, including undergraduate and graduate esumsvarious fields. WAA could also
be used in other types of education and trainiatyfédl under the definition of learning
service systems. WAA is designed to apply to &ayrling service system, which is a
system where the service of teaching knowledgegnitive skills is provided by at least
one agent to at least one other agent desiroeaniihg them. These systems are
characterized by the levels of abstraction as desttin 3.2.2.2, where cognitive
activities are the immediate means to achieveabjectives. By this definition, learning
service systems include typical university cousase their purpose is for an instructor
to teach students knowledge and cognitive skilig, @gnitive activities are the

immediate means to achieve the role objectivesvéasthe case in the system in chapter
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five). Other systems, such as much of K-12 edanatian also fall under this definition.

In addition, by capturing the roles of cognitivesats in the system, not just
humans, WAA opens up analysis to more detailedyaisabf learning service systems
where the cognitive agents may or may not be hunhaeducation, a role can be held by
a non-human agent, such as an intelligent tut@ysgem (ITS) (Anderson, Boyle, &
Reiser, 1985). An ITS has the objective of makiagnodel of the student conform to
the expert model. It performs computational attithat is (arguably) comparable to
cognitive activity in determining deficiencies imetstudent’s model and interacts with
the student via a computer interface. Thus, inehiod an educational system with an
ITS, WAA would treat the ITS as having the roleacfognitive agent, and so requires the
system elements and goals for that role to be @iplrepresented alongside other roles.
6.2.4Benefits of Model Templates

Templates of WAA models can provide several besefiirst, they can serve as
an instructional tool for modelers who are not fitaniwith WAA. The templates could
serve as examples of how the WAA method is appberteate a guide for various
situations, giving the modeler a sense of how ielig the framework, populate it with
appropriate elements, and identify relations betwedements, all appropriate to the
system. Second, the template can drive the mottels® more comprehensive in the
final model. Well-developed templates can coveeats of a system that a modeler may
not otherwise consider. Third, the templates @ sime in developing the models. If
an appropriate template can be found for a givetesy, that saves the evaluator time in
developing the model, which can be spent in refim@sito the model or the evaluation.

Fourth, the templates can be beneficial in comnaitimg teaching methods between
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instructors. If a new pedagogical method is fotmde useful, a model template of that
method can be created and distributed to instraictbmally, if a course is being
transferred between two instructors, the instruatoo previously taught it can give the
model of the course to the new instructor. In f@sse, the new instructor has a template
of the course that can be modified as desired.

A database of templates has been started by #sertition. Appendix B
presents the models as created for the portio8ydE K009 studied in this dissertation
and can serve as templates for other modeleregsthate WAA models. As more
learning service systems are modeled, a databdsenpfates can grow as well.
6.2.5Work Action Analysis for Summative Evaluation

This dissertation has demonstrated the use of WekAlfanning and formative
evaluation, yet its use need not be limited toeHfesms of evaluation. The purpose of
summative evaluation is to determine whether tistesy has met its goals once it has
completed its life cycle. As opposed to formatiwsjch focuses on finding
improvements, summative tends to judge the suafdbe system to determine if it
should be implemented again. While their purp@sedifferent, the methods to carry
out formative and summative evaluations are venjlar, as noted in section 5.3. A
WAA model of an educational system can be useddormative evaluation in the same
way it is used for formative evaluation; the mosiedves as the context for selecting and
interpreting the measures. The summative evaluatotake the measures collected over
the course of the system’s life cycle (includirgyend), associate them with appropriate
elements in the model, and use judgment to determbrether the goals of the system

were met.
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There are several advantages to summative evatuaiib WAA as compared to
formative. In summative evaluation, more measwidde available than during
formative evaluation since all the evaluation meesuwollected over the entire course
can be used together. Also, measures that arectsdl slowly or over time, which would
not be useful for formative evaluation, can be uselsummative evaluation. With the
availability of historical measures and measuraswould otherwise not be used in
formative evaluation, trends can be seen over wmen going through the method of
evaluation. Also, if WAA was used for planning dodmative evaluation, the model
and at least some measures would already be aeaitalsummative evaluation. As
such, WAA can serve as a consistent structureléoming, formative, and summative
evaluation of learning service systems, providirepaprehensive evaluation method
that encompasses their entire life cycle.
6.2.6Collection of Evaluation Measures Via a Course Mgemaent System

Another contribution to education is the identifioa of multiple types of
measures that can be used for formative evaluatdradministered through a CMS. As
noted in section 4.2, there are several advantagaslecting measures via a CMS,
including capturing data outside the classroomlaidg able to automate much of the
administrative process of collecting the data amdpiling the results. In addition,
implementing these measures in ITWeb in a cengdlevaluation tool brings these
benefits immediately to instructors using that CMie addition of automated analysis
of the data by generating statistics and graphbdusupports the evaluator in
interpreting the data.

It should be noted that formative evaluation usM@A is not restricted to a
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given set or class of measures, nor just to messwilkected via a CMS. Other measures
of student learning that are selected with resfmettie model can be collected, including
student interviews, focus groups, and classroorerebion. For formative evaluation,
the results of these measures must then be ingelgnath the model and attached to the
particular elements they examine, just like measuaflected via the CMS.

Likewise, the use of the measures developed inteh&ur is not restricted to
evaluation using WAA. Measures collected via a Cd48 be used for other methods of
formative and/or summative evaluation, as longhay aire properly interpreted.

6.3 Theoretical C ontributions of Work Action Analysis

WAA makes several theoretical contributions to dbga engineering and
educational evaluation. Key contributions areslisbelow.
6.3.1Distinctions and Relations Between Roles

As noted in section 2.1.3.1, roles of differentrggéhave been examined in work
domain analysis, a cognitive engineering methodwéter, the treatment of roles does
not identify how the roles interact and influeneete other. Also, work domain analysis
assumes that all roles perform work in the same&warironment. This thesis proposes
that, instead of viewing a learning service syssana single work environment where
multiple roles interact, each individual role canewed as having its own work
environment, complete with its own objectives, dtige activities, physical actions, and
atomic elements. This view is captured by WAA whiepresents roles as each working
within its own environment. Each role is modeledéehas influencing others by creating
or changing atomic elements in its own environnagrtt passing them to other roles.

This highlights the sometimes-indirect mechanisgng/hich any one agent can steer the
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system towards its goals. In many forms of edooafior example, the instructor cannot
directly determine the physical actions, cognithetivities, and objectives of the
students. Instead, the instructor must designiatelaments (e.g., assignments, lectures,
conversations during office hours) that will bearorated into the environment of the
student to influence their behavior in the desiay.
6.3.2Agents and System Goals

Another insight related to roles is concerning mibgectives and system goals.
This thesis notes the distinction between the dives of each role and the overall
system goals. These may overlap, but they needina learning service system, not
every role must explicitly have a system goal sisate objective. This introduces the
guestion of how can system goals be met by a halei$ not explicitly trying to meet
them? The answer is that those roles that arecelpseeking system goals influence
other roles to meet the system goals. For exartipestudents’ role does not necessarily
have the system goals as role objectives, whiléntsteuctor’s role does. Thus, the
instructor must influence the students to engagshysical actions and cognitive
activities that should lead to the course objestiveing met.

This insight provides a new viewpoint of system#wmultiple interacting agents.
Each agent has its own objectives that drive iteb®r, and these objectives may or
may not overlap with the broader system goals.imdportant task of the agents who are
attempting to meet system goals is explicitly medeh this thesis as influencing the
other roles so the system goals are met. Thudafaental components of a model of
learning service systems include the objectivesagh agent, whether any of those

objectives correspond to system goals, and whahsnai@ used to influence other agents
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to meet system goals.
6.3.3Examining C ognitive and Environmental Influenceg@&iher

As discussed in section 3.2.1, both the environraadtcognition influence
behavior. While one may be more prominent thartteeran a given system, both
influence behavior and should be modeled togetheSimon'’s illustration of the ant on
the beach (Simon, 1981), discussed in section.2,1tle ant’s behavior is driven both by
internal objectives to reach a certain location laypthe external constraints of the
physical shape of the beach.

This thesis identified the interplay between thei@mmental and cognitive
aspects of learning service systems. Though unedisie, the cognitive activities are the
immediate means to achieve learning service sysgmass. These cognitive activities
cannot be carried out without physical actions, tredphysical actions require atomic
elements from the work environment. In a WAA modeése relations are seen in the
agent-environment means-end dimension, where efldemces the other through
means-end relations. Also, the WAA model reveads, tfor agents to interact with each
other in this type of system, they must do so tghothe atomic elements in the work
environment because they cannot directly affecthats cognitive activities.

This insight enables a comprehensive, detailed hrafdbe system, including
cognitive activities that are not normally obsetealand the relations between system
elements created by the interplay of the environademd cognitive elements. In doing
so, this model captures a fundamental aspect ofiteaservice system dynamics, i.e.,
the particular relation between environment ancha@mn that they require to meet their

system goals. This aspect is not described dyréctbther cognitive engineering models
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focusing on the work environment or on the rolasks.

6.4 Costs and Be nefits of Using Work Action Analysis

There are certain costs and benefits associat&édusihg WAA for planning and
formative evaluation, which are examined belowr &given learning service system
these must be weighed to determine if the benfeiitthat system outweigh the costs.
6.4.1Costs
6.4.1.1Time and Expertise to Develop Model

Developing any comprehensive and detailed modeh as a WAA model,
requires time. Also, it requires some level of llaanty with WAA and a comprehensive
and detailed understanding of the system being laddd=ngineering instructors do not
have experience using WAA at this time. Instruetwould need to be provided with
some form of training on how to use WAA and givieng and support in creating
models.

The costs associated with the time and experttpgined to develop a WAA
model are mitigated by the method to create a WAAeh The method presented in
section 3.4 leads the modeler through the tasksrextjto create a WAA model. The
order of steps is designed to build the model up lmgical fashion and provide guidance
on what to do at each step.

The time and expertise requirements are also &gnily reduced when model
templates can be applied. Even if a templatertf@thes the system being modeled
cannot be found, the templates serve as exampfassifed WAA models to guide the

modeler. The models in Appendix B can serve abéginning of a library of templates.
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6.4.1.2Time and Resources to Collect Evaluation Measures

Another cost is collecting the measures necessarfpfmative evaluation. If
formative evaluation is to be done, the measured h@be collected in a timely manner
so problems can be identified quickly. The moreesive the evaluation, the more
measures must be collected. Administering evalnatieasures can require a nontrivial
amount of time beyond that allotted to many rokekearning service systems. For
example, to administer a course survey the evalmaist create the survey, distribute it
to the students, retrieve the copies, compile élselts, and perform statistical analysis on
the data; likewise, students must spend time camgléhe survey. In some learning
service systems, evaluators, instructors, and stadeay not be given (or may perceive
they lack) the time and resources needed to cdliese measures.

This cost can be mitigated by electronically adsteried measures, such as the
system described for ITWeb in Chapter 4. In thigten, the evaluator must design
assessments and surveys. However, the systematidalty distributes these to students
via the course website, collects the data, andrgegsesummary statistics on demand.
This eliminates administrative data collectionatgs, and enables the evaluator to use
more assessments and surveys within a given anobtime and effort. Further, this
evaluation system collects process measures thalsw not typically practicable to
collect without electronic aids.

The cost of collecting measures is also mitigatedding them within WAA.

The evaluator can use the relations between elesmeatWAA model to infer the
meaning of a measure on one element for the elentiegit are related, as was

demonstrated in section 5.4. This allows moregimsio be gained from the measures
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that can feasibly be collected.
6.4.1.3Time and Expertise for Formative Evaluation Using Model and Measures

A third cost to performing evaluation with WAA ilsd time and expertise
required to evaluate the model and measures. GineeWAA model and the measures,
the evaluator must take the time to integrate thathinterpret them. More importantly,
the evaluator must have some expertise at doimg aaler to interpret the measures in
the context of the model rather than simply exantim@emeasures individually.

This cost is partially mitigated by the method filemmative evaluation given in
section 5.3 and the demonstration of the methagation 5.4. The method steps the
evaluator through the method of performing the eatbn in a logical sequence, each
step building upon the previous. The WAA mode&tlitplaces all the necessary
components for evaluation in one place, includmgmodel, measures, and evaluator’s
expectations of the measures. The demonstratitimeahethod in this dissertation is an
example of how to perform such an evaluation ansugplements the method. An
evaluator can look to both this demonstration dhfiiture ones for guidance in
following the method.

This cost could be further mitigated by a softwaicbthat supports the evaluator
in building a model, integrating measures withri@del, and provides guidance in
interpreting the measures in the context of theeho8uch an aid could be integrated
into the electronic evaluation system and wouldicedthe time and expertise required.
6.4.2Benefits
6.4.2.1Developing Insight Into the System

Some benefits of making a WAA model as part of pilag and formative
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evaluation are a result of making the evaluatoestal model of the system explicit. As
noted in section 3.7, this method leads the evaituatconfront inconsistencies in his/her
mental model and notice the parts of the modeldhranot comprehensive or are
missing. Through this, the modeler can informhes/own mental model, making it
more comprehensive and consistent. With a betésitah model of the system, the
modeler can more accurately consider how the systérfunction and how a change
would affect the system. In education, this caeally benefit instructors when they are
the evaluators, or when they work closely with @ésvaluators ot model their course.
6.4.2.2Explicit Testing of Alignment in Planning Evaluatio

Another benefit of WAA is the ability to explicitlgnalyze whether the system is
aligned or not through the means-end relationee’VWAA model. As discussed in
section 5.2.3, alignment is considered an impotantept in the literature, but there is
little guidance for how to analyze it. The mettudatreating a WAA model structures
analysis of the alignment of a system through tkams-end and correspondence
relations. Rather than rely on a variety of modeid relations between different types of
elements, a single WAA model shows which elemergsaigned with system goals and
which are not. While WAA still operates on a gtatlve model, and is still interpreted
by a human evaluator relative to his or her expierts, the WAA model provides one
place where all aspects of alignment can be reptedend analyzed.
6.4.2.3ldentifying How Well Each System Goal is Met

A related benefit is that the WAA model and measwsigoport the evaluator in
determining how well each system goal is met. ysteams where the goal is a physical

outcome, such as in process control, it is compegiteasy to determine if the goal has
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been met. However, in learning service systengssyistem goals involve a change in
cognition that is not directly observable. Thusy@del is required to determine if the
system goals have been met. The evaluator can batl any system goal and trace
through the relations between elements to determimeh elements support it. Then,
given the measures in addition to the model, tladuasor can judge how well those
elements performed and how well they supportedylséeem goals.
6.4.2.4Ability to Detect Problems

The method of using WAA for formative evaluationerprets the measures in the
context of the model. This allows measures tociagi not just a specific element that is
not performing as well as expected, but also thnahg model relations can show what
elements are related, and thereby what sectiotteeafystem are impacted by the
problem. Through the model and the measures,yitbagossible to identify the source
of a problem, as was done in section 5.4. Evémeisource cannot be identified, the
measures that meet or exceed expectations onrethezd areas of the system eliminate
possible sources of the problem.
6.4.2.5Models as a Means of Communicating the Design afihieag Service Systems

When models have been made of a system, they caseloeto communicate the
properties of that system to others. One situatibare this would be useful, for
example, is when a new instructor is teaching asmfor the first time. The outgoing
instructor or curricular administrator can give tieawv instructor the set of WAA models
describing the course in more detail than provioednly atomic elements such as
student handouts and assignments. The model$oantee new instructor the goals of

each aspect of the course, the intended cognititréitées of students, the physical
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actions that are designed to induce students tagenigp those cognitive activities, and
the atomic elements that designate the physicalrect A second situation where
communicating the design of a learning serviceesystvould be beneficial is when a
new pedagogical method needs to be communicatedttactors. A template WAA
model can be created based on that new methodistnithuted to instructors, providing
them with specific details on how it would be implented and how the various system
elements would interact.
6.4.2.6Continuity B etween Types of Evaluation

One last benefit is that WAA can serve as a cagsistinifying factor throughout
planning, formative, and summative evaluation ainéis. The evaluator does not turn to
different methods and techniques for each typevaluation, but instead has the
continuity of one modeling method throughout. Tt¢ussistency allows the evaluator to
be come familiar with one modeling method and howse it for evaluation throughout
the system’s life cycle. This arrangement is madfieient as evaluators are not
developing separate models at each different stagere using the same model as
created in planning evaluation. Also, by on-gaisg, both the evaluator's mental model
of the system and his or her evaluation judgmemisilsl become more accurate.

6.5 Future Work

This work points to several areas for future regednat can improve the ability
of WAA to model learning service systems, impaetnpling and formative evaluation
techniques using WAA, and extend other cognitivgirgering methods using the

theoretical insights described in this dissertation
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6.5.1Expansions to Course Evaluation

As seen in chapter four, different types of evaturatmeasures can be collected
through a CMS, including surveys, content ratirrgsessments, and statistics from the
web server log. These were implemented througingr&ized evaluation component in
ITWeb. While these are useful, research needs tiobe on other measures that can be
collected through the CMS.

A potentially fruitful area for research is in maess made from web server log
data. As discussed in chapter four, understartti@@ctions students need to perform
when interacting with a CMS enables interpretatbtheir behavior as captured in the
server log. Data from the server log can be etéchand analyzed for typical actions that
can be performed on a CMS, such as participatirsgdiscussion board, engaging in on-
line tutorials, and retrieving course lecture fildZatterns of student interactions with
these different components of a CMS can be compaitbdother measures to determine
what they may indicate about student learning. Jaed here is to identify patterns of
student interactions that reliably indicate sonyeeatof student learning. While this is
done in this dissertation for a course in aggregateending this work to detecting the
relation of this behavior and learning in indivitkiaould be a significant tool both for a
human evaluator and, possibly, for automated detectf problematic behaviors across
the course as a whole and by individual students.

Another area for research is the development aft@nface for the centralized
evaluation component that integrates the WAA moddilis would reduce the workload
on the evaluator over the method used in chapter Where the model and measures

were integrated on paper. Also, measures couldtemltomatically as more data
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becomes available. Unlike display of the evaluatiteasures alone, this aspect would
require more than the data and structures in most¢t CMSs; a means to create and
display a WAA model would need to be added. Surchterface opens the way for
many possible improvements to the planning and &bikra evaluation methods with
WAA. Simple interface changes, such as color apdind/or highlighting, could indicate
aspects of the model or particular measures whetdems exist and that the evaluator
may want to examine further. These could be basdtie percentage of correct answers
on an assessment, patterns of server log acthatyimdicate potential problems, and
other comparisons between the measures and ev&ustpectations. Research into this
interface can also apply ecological interface desigcognitive engineering (discussed in
chapter two), using WAA as the theoretical basigifesign instead of work domain
analysis.

The requirements on the evaluator can be furttthraed by development of a
software aid that guides the evaluator through ttoason of a WAA model. Such an
aid could lead the evaluator step-by-step throhghtethod described in chapter three
for creating a WAA model. Also, the aid could drawa database of model templates,
allowing the evaluator to select among them faiaatisig point. Further, if the same
course was taught in a previous semester and a Wédel was created for that course,
the aid could allow the evaluator to copy the prasimodels and update them for the
current course.
6.5.2Examining Learning Service Systems of Larger andl#&mScope

WAA can also be applied to learning service systeiitis a larger or smaller

scope. For example, WAA could be performed onraauum with adjustments to the
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model framework. The roles explicitly modeled niaglude a curriculum coordinator,
academic advisor, the registrar, and others. Alsoparts-whole dimension could be
divided from the whole curriculum into focus are@astages, and then to individual
courses. The same levels of the means-end dimreasiobe used, though with slightly
different meanings when examining the larger eldmamnthe parts-whole dimension.
The objectives of the roles will reflect concernshe curricular level, such as
accreditation, preparation for professional engimegistration, and requirements for a
degree. Cognitive activities and physical actianthe curricular level will address
elements such as communication and problem soBkillg. Physical actions may
include pedagogical techniques that are used fretyuer throughout the curriculum,
such as team teaching, recitation meetings, angpgsoojects, in addition to
administrative duties such as advising. Atomieraets must also reflect this scope of
analysis and may and student handbooks for theedgmogram.

At its most comprehensive, the full model framewfmka course can include
both a curriculum level and the more detailed cearsd content levels in the parts-whole
dimension. While this leads to having a very lamgedel, it provides a high level of
detail for evaluating the whole curriculum. Thiswid also allow an evaluator to
evaluate the details of a course with respectdatterall curriculum goals, not just the
course objectives. A model this large could patdigtbenefit from interfaces such as
those noted earlier in section 6.5.1 to have atuat@ navigate through it.

WAA can also be applied to educational systemsar@asmaller in scope than a
course. As an example, an individual student ptdgam, such as in a senior design

course, can be studied in detail via WAA. In ttese, distinct roles may be established
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for individual team members (e.g., secretary, legaesenter, etc.), along with other
roles that interact with the team, such as theunstr, industry contact, factory workers,
students who previously took the class, etc. Tdréspvhole dimension could be divided
into phases of the project over time or major congpas of the project. The means-end
levels would be very similar to those used for arse, though more detail can be given
in these levels with the smaller scope.
6.5.3Empirical Study of the Effectiveness of Work Actidnalysis

An empirical study of the effectiveness of WAA fdanning and formative
evaluation of a course could be conducted to examimat insights and benefits would
result. This would require a longitudinal studyotving multiple instructors and courses
over multiple semesters. It would be best to heavariety of class types to examine how
WAA can perform in each. Throughout the study idiedadata would need to be
collected about the instructors’ evaluation praagjdheir development of and interaction
with their WAA models, their judgments on the ahgent of their courses with and
without their WAA models, insights gained on theemdions of their courses and the
source of those insights, and any changes madie toourse and the reasons for the
changes. This data should identify insights gaimethe instructors to the dynamics of
their courses and whether any change is seentmigtisn and, correspondingly, student
learning. One issue that must be carefully comemléor this study is what information,
training, and support to provide the instructoféis includes determining how much
training to give the instructors before they paridheir evaluations, balancing between
the need to develop their skill in performing thé&Xmethod and recreating what

instruction they would likely receive in actual ptiae. How much information and
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guidance instructors will have when performing ¢valuations is a similar issue,
requiring balance between specially tailored hateland what may be available to a
more general audience. How much support to givenguhe evaluations must also be
decided based on how much support would be needdhld instructors to succeed and
how much would normally be available. Also, théuna and availability of that support
must be a part of that decision.
6.5.4Providing the Model to Cognitive Agents

Another potential area for research is examinimgetfiects of providing the
model to some or all cognitive agents in the syst€mne potential benefit is that the
expectations for each agent can be communicateetail, so that each agent can see
how the physical actions and cognitive activitiesyt should perform support their role
objectives. In addition, the agents can see hew thteraction with other agents leads to
meeting the system goals. This may support thatage developing an accurate,
comprehensive mental model of the system and hewfihin to that system. In turn,
this may support greater involvement in not onlgfgrening within the system, but also
in changing the design of the system to bettehéitneeds of each role and the system
goals. Further, giving the system model and messtar the roles allows them to engage
in self evaluation. Each agent can examine its panformance relative to its role,
determine if there are deficiencies in performasuce where they are, and see how that
affects the system goals.

In the case of an undergraduate course, for exarnmiecould mean making a
copy of the course model available to the studeWithile students are typically provided

with course objectives in the syllabus, the modelild detail how their current activities
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are helping them reach those objectives. If predidith their personal evaluation
measures as collected by the CMS and their gréfag can perform formative
evaluation on themselves and determine how wejl &ne performing. There could also
be a feedback mechanism from agents to the modéken the model is not accurate for
the role. If students are engaging in out-of-cktasly groups that are not organized by
the instructor, they can report this so that induded in the model.
6.5.5Quantifying the WAA Model

An aspect of the WAA model for consideration ithé model can be quantified.
Currently, WAA produces qualitative models captgraystem elements and types of
relations between them. While quantitative anditpisve measures may be collected in
formative evaluation, they are not essentially pathe model, but used in relation to it.
Just as the model is formed to reflect the evatisagxpectations, the measures collected
in formative evaluation are interpreted and exachiaecording to their relation to the
evaluator’s expectations. Quantifying aspecthefrhodel would be a significant change
in the essential structure of the model and woeitplire careful consideration to what
aspects of the model can be quantified and howtlaatified values would be validated.

An example of one aspect of the model that canuaetified is the means-end
relations between the levels of abstraction, whkimhld be weighted. If this were done,
the weight of a relation would reflect the impoxarof the means to achieving the end.
Perhaps this would be represented as a percenitége @verall importance of each
means to achieving the end (e.g., for the cognéntevity of an assignment, 5% is
acquiring the assignment, 10% is reading it, 80%oisg the work required, and 5% is

submitting the work). If correspondence relatians also weighted, the correspondence
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relations between roles must be considered as & wights mean not only for how
much atomic elements are shared, but for what aratiweighted relationship between
models may indicate. Several aspects of this chamgst be considered, including how
to determine the weights, how to interpret evabratheasurement data with respect to
the weights, and how the weights would be usedrimétive evaluation. A question for
this and any aspect of the model that may be digohts how each quantity would be
validated.

There are benefits to quantifying the model. Fasjuantitative model can
specify the levels of various factors in the modather than implying that all have equal
import. Second, given quantified relations betwelements, the effects of one element
can be considered in light of the weights of tHatrens between the elements. This
would lead to a numerical value of how well eade wbjective and system goal is met.
Whether the benefits of quantifying the model woaldweigh the added complexity in

developing the model would require further research
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APPENDIX A

Glossary of Terms
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Alignment - determining if the content, teachingthwoels, and assessment methods are
appropriate or not in light of the educational ga@ased on Biggs, 1996)

Cognitive Activity - activities that take placetine arena of the brain/mind

Cognitive Agent - entity that can interact withmio elements guided by cognitive or
computational processes, which in turn are drivemternal intentions (based on Hayes,
1999)

Cognitive Constraint - constraints on a work tdsk briginate internally due to human
cognition (based on Vicente, 1999)

Cognitive SKill - the ability to solve problemsiimellectual tasks, where success is
determined more by subjects’ knowledge than by thieysical prowess (VanLehn,
1996)

Education - the action or process of developingtaleabilities, and/or skill by
instruction and supervised practice (from Merrianeater, 2004)

Environmental Constraint - constraints on a wosktassociated with factors that are
external to the worker (based on Vicente, 1999)

Learning Service System - a system where the seofiteaching knowledge or
cognitive skills is provided by at least one agerdt least one other agent desirous of
learning them. Cognitive constraints are equallynore prominent than environmental
constraints in shaping agent behavior, so both lmigtixamined.

Mental Model - the models people have of themseloters, the environment, and the
things with which they interact (based on Norm&88)

Model - a schematic description of a system, themrypyhenomenon that accounts for its
known or inferred properties and may be used fahér study of its characteristics

Process Control - activity where the task of arraee is to manipulate an ongoing
process so it continues to produce the desiredugudpmains where this is applied
include manufacturing and nuclear power plan opm&rat

Representation - in this dissertation this term reiler to the physical depiction of a
model (e.g., a model that has been described tratel{or diagrams on paper)

Sociotechnical System - a system with interactawhical, cognitive, and social
elements (from Vicente, 1999)

System Element - a component of a system (eitlaioreperceived), which is depicted in
a representation of a model. The nature of asiament depends on the context of
that element in the framework of the modeling mdth&lements may include, but are
not limited to, physical objects, actions, and goal
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Work Action Analysis - a form of work analysis ftbre purpose of design and evaluation
of learning service systems that identifies thenttbge activities and physical actions of
cognitive agents and puts them in the context @ibjectives and atomic elements in the
environment, capturing both cognitive and environtakconstraints
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