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Introduction 
This plan begins with a description of Evidence Centered Assessment Design 
(ECD) and the Four-Process Architecture (4PA) for delivery of assessment in a 
multitude of technical environments.  Each model of ECD and each process of the 
Architecture will be described in abstract terms and then associated specifically 
with assessment design and delivery using the CogBooks platform. 

The plan continues with an elucidation of the measurement and assessment 
intentions of CogBooks, or in simpler terms, what we want to do.  This elucidation 
will include an exploration of evidence needs associated with adaptive feedback, 
item and task types needed to gather such evidence, and potential 
interoperability with other systems and tools currently in existence to design and 
deliver such tasks in association with the CogBooks platform. 

The plan concludes with recommendations concerning the pragmatics for 
achieving these established intentions of measurement and assessment, or in 
simpler terms, how we will get there.  This includes a survey of current item 
types of which CogBooks is capable of delivering, as well as strategies for 
fostering implementation and/or integration of other item and task types and 
associated ECD models and 4PA processes. 
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Evidence Centered Assessment 
Design and the Four-Process 
Architecture for Delivery 
Much of this section content is taken 
directly from one journal article .  1

The Assessment Cycle - Processes 

Activity Selection 
The Activity Selection Process is the 
process responsible for selecting and 
sequencing tasks (or items) from the 
Task/Evidence Composite Library. 
These could be tasks with any kind of 
assessment or instructional focus, or 
activities related to test administration. 

Concerning CogBooks, this is assumed to be a function of the algorithm. 
Tasks can be selected and delivered by the algorithm based on an 
individual learner’s performance on previous concepts.  Each individual 
node of content of which a course subsists should be considered a task. 

Presentation 
The Presentation Process is responsible for presenting the task to the participant. 
As necessary, it will retrieve materials necessary to the task from the task 
library. In particular, certain kinds of presentation material such as images, 
audio, or applets may be external resources brought in with the presentation of 
the item. When the participant performs the task, the Presentation Process will 
capture their response as one or more Work Products. These Work Products are 
delivered to Response Processing for evaluation. 

In the case of CogBooks, presentation occurs in the form of test or activity 
nodes delivered in the learning sequence.  Content is predetermined by the 
course author and curated as a complete node to be selected and delivered 
by the algorithm. 

1 http://ejournals.bc.edu/ojs/index.php/jtla/article/view/1671 
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Response Processing 
Response Processing performs the first step in the scoring process: It identifies 
and evaluates the essential features of the response (Work Products) that 
provide evidence about the participant’s current knowledge, skills, and abilities. 
These evaluations are recorded as a series of Observations that are passed to the 
next process. 

In CogBooks, the algorithm performs rudimentary response processing 
based on predetermined correct/incorrect answer choices provided by 
course authors.  Additional response processing should be applied to 
different nodes based on node types.  Certain nodes (such as more 
advanced item types) might have additional internal scoring mechanisms 
(within the interactivity of the module housed in the node) that can be 
transferred to the CogBooks system via API. 

Summary Scoring 
The Summary Scoring Process performs the second, or summary, stage in the 
scoring process: It uses the Observations to update the Scoring Record. The 
Scoring Record represents our beliefs about the participant’s knowledge, skills, 
and abilities based on evidence accumulated across tasks. As we will show, 
separating the Response Processing step from both Summary Scoring and 
Presentation is vital to an evidence-based focus in assessment design and 
supports reuse of the task in multiple contexts. 

For Cogbooks, the Scoring Record should be the heart of learning analytics 
for the system.  Each person that ever interacts with the CogBooks system 
should have a permanent Scoring Record that serves as a continuously 
growing repository of data concerning that learner’s performance within 
the network of CogBooks courses -- even if this learner participates in 
courses offered by a variety of CogBooks clients.  The data in this record 
should be readily accessible and visualizable (with various filtering options) 
by key stakeholders in the assessment process: learners, instructors, and 
educational or corporate administrators of the CogBooks platform 
implementations. 

The Assessment Cycle - Actors 

Administrator 
The Administrator is the person responsible for setting up and maintaining the 
assessment. The Administrator is responsible for starting the process and 
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configuring various choices; for example, whether or not item-level feedback 
will be displayed during the assessment. 

With CogBooks, the administrator is the course author (or a member of the 
authoring team), the course instructor (if different from course author), and 
any organizational administrators that might need access to learner 
performance data at any point throughout the assessment process. 

Participant 
The Participant is the person whose skills are being assessed. The participant 
interacts with the various tasks that the Presentation Process puts forward. 

With CogBooks, this is the individual learner to whom content is delivered. 

Feedback Types 

Task-Level 
Task-Level Feedback is an immediate response to the participant’s actions in a 
particular task, independent of evidence from other tasks. As an example, 
Response Processing that performs diagnostic evaluation of participant work 
used in combination with related Activity Selection means that the system could 
immediately indicate the correct answer after the response was submitted, 
suggest an alternative approach, or explain the underlying principle of the task if 
misconceptions are evident. If desired, an additional Response Scoring Process 
can be used concurrently to evalu- ate the same response to produce 
observations that are accumulated by the Summary Scoring Process. Task-level 
feedback can be generated for real-time use during assessment or for reporting 
after assessment is complete. 

Once a learner answers a test question, CogBooks provides immediate 
feedback concerning the correctness of the learner’s response.  The 
recommended concepts that are delivered by the algorithm to a learner 
following an incorrect response can be considered a form of indirect 
task-level feedback. 

Summary 
Summary Feedback reports the beliefs of an examinee based on evidence from 
multiple tasks, accumulated in the Scoring Record, concerning the participant’s 
knowledge, skills, and abilities along the dimensions measured by the 
assessment. That is, it is feedback based on synthesized evidence from responses 
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to any number of tasks. Summary feedback can be reported to the 
Administrator, the Participant, or other interested parties. 

CogBooks does not currently provide summary feedback at the end of a 
course or section.  CogBooks should pull relevant summaries of learner 
performance data for the individual learner to review once he or she has 
completed a predetermined number of nodes (with flexible options for 
labeling and scoping “sections” to be provided to course authors, based on 
relevance to the domain and developmental appropriateness for the 
learner).  Similar summaries should be pushed (or made available) to 
administrators as relevant. 

The Task/Evidence Library 
The Task/Evidence Composite Library is a database of task materials (or 
references to such materials) along with all the information necessary to select, 
present, and score the task. For each such task/evidence composite, the library 
stores information required by the four processes of the assessment cycle. 

● Information required by the Activity Selection Process includes descriptive 
properties that are used to ensure content coverage, prevent overlap 
among tasks, or in some other way characterize tasks. This information is 
referred to as the Task Description Properties. 

● Information required by the Presentation Process includes specific values 
of, or references to, task materials to be presented as well as other 
environmental variables that are used for presenting the task (e.g., font 
size, availability of tools, simulator settings). This information is referred to 
as Task Materials and Environment Variables. 

● Information required by Response Processing includes specific data and 
algorithms (e.g., rubrics and solution data) that are used to extract and 
evaluate the salient characteristics of Work Products. This information is 
referred to as Evidence Rule Data. 

● Information required by the Summary Scoring Process includes Weights of 
Evidence that are used in combination with observations from task 
responses to update a participant’s Scoring Record – scoring weights, 
conditional probabilities, or parameters in a psychometric model. This 
information is referred to as Weight of Evidence Parameters. 

In CogBooks, the Subject Index and established Course Relationships serve 
as a rather basic form of the task/evidence library.  Task Description 
Properties are metadata attached to tasks (nodes) to allow the system to 
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better decide when and how to deliver these tasks based on prior 
performance.  One example type of such data is the level of difficulty 
attached to the task.  In fact, several different types of difficulty could be 
identified for a single task (based on different types of knowledge, skills, 
and abilities). 

Task Materials and Environment Variables are relevant to the presentation 
process, especially for partial completions or repeat attempts with tasks.  If 
a learner returns to a simulation task, the environment variables for that 
task should reflect the state in which the learner previously left the task 
(should that be the wish of the course author). 

Course authors and other administrators should be able to add Evidence 
Rule Data to the Task/Evidence library in a variety of digital forms of 
rubrics and custom algorithms, and it should be possible for these rubrics 
or algorithms to be aligned with any number of task types or task groups -- 
and to establish specific linkages between these tasks and rubrics or 
algorithms (for more efficient response processing).  Weights of Evidence 
Parameters include the CogBooks algorithm weighting rules plus whatever 
additional customizable psychometric variables or rules a client may wish 
to add. 

Communication Between Processes 
The communications between processes include Instructions, Work Products, 
Observations, and the Scoring Record.  These are the data that flow around the 
assessment cycle between processes. 

Instructions are commands sent by the Activity Selection Process to the 
Presentation Process. “Start Task X” is a common and important example. Other 
instructions include time-outs and administrative protocols. The most important 
part of the instructions is the identifier for the next task. 

In CogBooks, I assume that the platform uses some form of rule set to 
deliver content to the browser in a particular order.  This functionality 
should be revisited to consider allowance of much more complicated 
sequences and cycles of task delivery. 

Work Products are responses produced by the participant in the course of 
attempting to complete a task. They can be as simple as the selection made in a 
multiple-choice task, or as complex as a simulator activity trace or a collection of 
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pieces of artwork produced to meet the requirements of the Advanced 
Placement Studio Art Portfolio Assessment. 

In CogBooks, work products currently consist of responses to test questions, 
short answer text entries, and any Flash-based activities embedded into 
concept nodes.  CogBooks should expand the definition of work product to 
include a variety of other performance types that differ in scope from 
partial task completion to multiple-task trajectories of performance. 

Observations are variables that describe the quality of salient features of the 
Work Product. They may be as simple as the “correctness” of a response, or more 
complex as in the “artistry” of a performance. A Work Product may be evaluated 
for one or more observations depending on the purpose(s) of the assessment and 
nature of feedback for both Response Processing and Summary Scoring. 

Observations in CogBooks tend toward the “response correctness” end of 
this spectrum of complexity.  CogBooks should expand its observation 
capabilities to include the recognition of more complex performances 
involving myriad variables. 

The Scoring Record is the accumulated beliefs about the participants proficiencies 
across multiple tasks. These beliefs describe the current state of knowledge 
about the participant’s knowledge, skills, and abilities. 

As far as I know, CogBooks does not maintain multi-task scoring records, 
but instead gathers and stores data in a learning profile on a node-by-node 
basis.  As mentioned above, CogBooks should consider adding Scoring 
Record functionality, as this would provide clients the option to generate 
more detailed summary feedback at the conclusion of sections of courses. 

All of these data taken together comprises the Examinee Record. This is a 
database that includes the tasks to which the participant has been exposed, the 
Work Products and Observables that were obtained, and statistics describing the 
final state of the Scoring Record. 

As mentioned above, CogBooks should completely renovate the learning 
profile creation process so that each learner that ever interacts with the 
CogBooks system should have a permanent Scoring Record that serves as a 
continuously growing repository of data concerning that learner’s 
performance within the network of CogBooks courses. 
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Specifications: Models of the Conceptual Assessment Framework 

Student Model 
The Student Model represents the knowledge, skills, and abilities of a participant 
about which inferences will be made that lead to claims about the participant, 
and the attendant consequences – decisions about selection, placement, 
certification, instruction, task selection, and so on. The Student Model specifies 
the dependencies and statistical properties of relationships among these 
variables. These dependencies and statistical properties are dependent upon the 
types of claims about the participant we aim to make and the antecedent 
consequences. The Scoring Record describes our knowledge about the values of 
those variables for a specific participant at any given point in time. 

For CogBooks, the Student Model is grown over time as a collection of data 
oriented towards knowledge, skills, and abilities identified by course 
developers.  Another way to think about the student model is that it is a 
conceptual description which allows for semantic interpretation of the 
Examinee Record -- in other words, what is in the record and what sort of 
performance it represents in terms of knowledge, skills, and abilities. 

Task Model 
The Task Model is a generic description of a family of tasks. A Task Model 
contains (ı) a list of variables that are used to describe key features of the tasks, 
such as their content, difficulty, and conditions under which they are presented; 
(2) a collection of Presentation Material Specifications that describe the structure 
and format of material that will be presented to the participant as directions, 
stimulus, prompt, or instruction, and (3) a collection of Work Product 
Specifications that describe the structure and format of material that the task 
will return to Response Processing. 

To my knowledge, CogBooks does not formally implement task models. 
Assuming that we move forward with a more integrated assessment 
delivery model, it would behove us to generate task models to help course 
developers better understand the capabilities and options for assessment 
by CogBooks.  Essentially, this would be a “menu” of task types and 
groupings that would be provided as representative task (and multi-task) 
structures and descriptive variables, both of which could be heavily 
customized (or created from scratch) by clients.  In other words, CogBooks 
should provide a mechanism for clients to modify or create their own task 
models associated with their courses. 
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Evidence Model 
The Evidence Model is a set of instructions for interpreting the response (Work 
Product) to a specific task. The Evidence Model contains two parts. The first is a 
series of Evidence Rules that describe how to identify and evaluate essential 
features of the Work Product. The second is a statistical model that tells how the 
Scoring Record should be updated given the observed features of the response. 

To my knowledge, CogBooks does not formally implement evidence models. 
I assume that there is some sort of statistical model (and some rudimentary 
set of evidence rules) associated with the functionality of the CogBooks 
algorithm, though.  This should be elucidated in the future to assist more 
advanced course developers (or perhaps psychometricians on development 
teams) -- as well as research teams -- better develop assessment 
frameworks and measurement instrumentation to gather evidence of 
learning performances conducted during completion of CogBooks courses. 

Assembly Model 
The Assembly Model is a set of instructions for assembling the assessment. 

In CogBooks, the assembly model can be equated with the “courses” 
developed and “alternate paths” developed for those courses.  CogBooks 
should facilitate additional options for “course” development to 
accommodate a variety of learning progressions and developmental 
trajectories in learning performances.  Clients will likely want a lot more 
customizability of these assemblies to accommodate a variety of specific 
assessment needs. 

Presentation Model 
The Presentation Model describes how a particular task is to be presented (or 
rendered) in a particular delivery environment. For example, tasks administered 
by computer and on paper would have different Presentation Models, even if 
their stimulus content, response format, and evidence rules were identical. 

Due to the singular nature of delivery in CogBooks, a presentation model 
doesn’t necessarily need to be articulated, as it is inherent. 

Delivery Model 
The Delivery Model is a catchall for things that affect the entire assessment. It is a 
container for the other models and also contains information about 
administrative constraints, which do not fit elsewhere (e.g., security, recovery, 
etc.). 
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These models are much more pragmatic to functionality of CogBooks above and 
beyond pure assessment delivery, but the relevant issue here seems to be a 
model for security of learner evidence data for the purpose of analytics at the 
personal and course view levels. 

CogBooks Measurement and Assessment Intentions 
exploration of evidence needs associated with adaptive feedback, item and task 
types needed to gather such evidence, and potential interoperability with other 
systems and tools currently in existence to design and deliver such tasks in 
association with the CogBooks platform. 

Evidence Needs 
Evidence from any item or task delivered in CogBooks should be sufficient to 
place a learner anywhere within the identified levels of the outcome space for a 
construct.  Most likely this is achieved with the development of a high quality 
rubric for scoring a learner’s performance when presented with the item/task. 
The rubric can be used to evaluate the quality of evidence generated at each 
level of understanding. 

Level of Understanding Indicative Verbs Evidence 

Pre-Structural 
No understanding demonstrated 
and approach involves acquiring 
disconnected bits of information. 

none not applicable 

Uni-Structural 
Student shows concrete, reductive 
understanding of the topic. Simple 
and obvious connections are made 
but broader significance is not 
understood. 

identify, memorize, do 
simple procedure 

What sorts of evidence can we 
gather based on these indicative 
verbs? 
 
Which item and task types align 
best with these intentions? 

Multi-Structural 
Student can understand several 
components but the understanding 
of each remains discreet. A number 
of connections are made but the 
significance of the whole is not 
determined. Ideas and concepts 
around an issue are disorganised 
and aren't related together. 

enumerate, classify, 
describe, list, combine, 
do algorithms 

What sorts of evidence can we 
gather based on these indicative 
verbs? 
 
Which item and task types align 
best with these intentions? 

Relational 
Student can indicate connection 
between facts and theory, action and 
purpose. Shows understanding of 

compare/contrast, 
explain causes, 
integrate, analyse, 
relate, apply 

What sorts of evidence can we 
gather based on these indicative 
verbs? 
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several components which are 
integrated conceptually showing 
understanding of how the parts 
contribute to the whole. Can apply 
the concept to familiar problems or 
work situations. 

Which item and task types align 
best with these intentions? 

Extended Abstract 
Student conceptualises at a level 
extending beyond what has been 
dealt with in the actual teaching. 
Understanding is transferable and 
generalizable to different areas. 

theorise, generalise, 
hypothesise, reflect, 
generate 

What sorts of evidence can we 
gather based on these indicative 
verbs? 
 
Which item and task types align 
best with these intentions? 

 

As we gather evidence and continue to contribute to the examinee record for a 
learner, we can not only begin to get a much more specific understanding of 
exactly what a learner knows and can do as relevant within the domain of a 
given course (or program of courses), we can also allow for the algorithm to 
make better decisions about which types of items to serve up to the learner to 
continue to best gather evidence about learning based on the current level of 
understanding demonstrated 
by the learner. 

Item Types 
This table summarizes the 
taxonomy of intermediate 
constraint item types and 
provides useful citations 
(found in references of linked 
article).  It is a useful tool 
when generating items and 
tasks to fit established 
objectives and outcome 
spaces -- and continue to 
gather specific evidence 
about specific levels of 
understanding. 

Using the Taxonomy Table described above, the best potential item types for 
developing items and tasks that provide appropriate evidence up and down the 
established outcome spaces are: 
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2A - multiple true/false 
2D - complex multiple choice 
3A - matching 
3B - categorizing 
3C - ranking and sequencing 
3D - assembling proof 
4A - interlinear 
4B - sore finger 

4C - limited figural drawing 
4D - bug/fault correction 
5A - single numerical constructed 
5B - short answer and sentence completion 
5D - matrix completion 
6A - open-ended multiple choice 
6B - figural constructed response 
6C - concept map 

Furthermore, the evidence intended to be gathered by these item types can be 
directly aligned with the cognitive and knowledge dimensions of Bloom’s Revised 
Taxonomy of Learning .  CogBooks should create a framework to assist course 2

developers in applying this alignment. 

HTML5-based 
simulation tasks can be 
designed to elicit 
learning performances 
that allow a learner to 
actually demonstrate 
growth from one level 
to the next during the 
same activity (by way of 
a series of nested tasks 
and subtasks).  

Whether or not these 
simulation tasks are 
relevant for intended 
evidence gathering  is dependent upon the domain of the course(s) at hand. 
Simulations also lend themselves to assessment of less constrained item types 
(column 7 from the table) -- especially demonstration, diagnosis, and discussion. 

Interoperability With Other Systems 
In order to increase capabilities to the point where the entire 4PA assessment 
cycle can be supported, CogBooks should look to use APIs or standardized data 
protocols to support interoperability with several different types of systems 
inherent in ECD and the 4PA, such as: 

2 http://www.celt.iastate.edu/teaching-resources/effective-practice/revised-blooms-taxonomy/ 
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● evidence management system 
● simulation interoperability 
● data analysis tools (for complex task evidence) 

Pragmatics for Achieving Intentions 

Current Item Types 
Currently, CogBooks supports integral delivery of the following time types as 
“test” (activity) nodes: 

● multiple choice (1C) 
● true/false (1A) 
● short answer text response (5A) 

Additionally, Flash-based interactive items can be integrated into concept nodes. 
There is currently not a clear mechanism of interoperability -- from the 
perspective of scoring data transfer -- with these included interactive items.  

Future Integrated Item Types 
HTML5-based  (as opposed to Flash-based) interactive items should be 345

integrated into concept nodes.  As mentioned previously, these interactive item 
modules should have additional internal scoring mechanisms (within the 
interactivity of the module housed in the node) that can be transferred to the 
CogBooks system via API. 

Cogbooks should plan to support direct integration of all item types listed 
below the table in the previous section (2A through 6C).  Each of these item 
types should be built as a “component” option within the course 
development framework, allowing authors to choose these item types from 
a menu (or a drag and drop course construction system) and then populate 
these chosen component items with content (or rules for dynamic 
population of content based on current learner attributes) as well as rules 
for evidence-driven decisions about performances demonstrated by 
examinees. 

Furthermore, CogBooks should develop exemplary item types (one or two of 
each type as outlined in previous section -- to serve as a reference for authors to 
understand how each item can be used in the context of a course. 

3 http://www.html5rocks.com/en/  
4 http://html5boilerplate.com/  
5 http://diveintohtml5.info/  
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Evidence Management System 
CogBooks should consider outsourcing evidence management (e.g. examinee 
records).  Few options exist just yet, but one that shows promise is the Learning 
Record Store associated with the Tin Can API.  One potential issue with 
outsourcing, of course, is data lag.  The other is data security. 

Based on these issues, it is reasonable to consider in-house management of 
evidence data. 

Simulation Interoperability 
Due to its relative infancy, very few high-quality HTML5 simulation tasks 
currently exist as options for interoperability with CogBooks.  One good example 
is the PhET project.  Raptivity also offers several HTML5 examples.  In any case, it 
would be best to move beyond developing tasks in Flash. 

CogBooks should consider using a platform such as Adobe Edge (or one of 
the myriad HTML game development platforms available) to develop 
several example simulation tasks to explore ways in which complex 
simulation performance data can be used as evidence for increased 
adaptivity in content delivery.  Another option is to consider working with 
any number of development studios to build example simulation tasks. 

In any case, it would be worthwhile to explore the development of a taxonomy of 
simulation types based on the ways in which they can serve up performance data 
to work directly with the algorithms serving the CogBooks platform. 

Data Analysis Interoperability 
Finally, CogBooks should seek partnerships for automated data analysis (for 
Response Processing and/or Summary Scoring), such as the e-rater and c-rater 
engines offered by Educational Testing Service, and the AKOVIA engine.  Several 
other options for qualitative data analysis are available -- such as Provalis and 
Dedoose -- with specific options to be discussed based on actual trajectories taken 
by CogBooks. 
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