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Introduction 
This document is a companion to the Assessment System Plan.  First, it describes 
several different task archetypes based on the Taxonomy of Intermediate 
Constraint.  Then two different example tasks -- a Body Systems Simulation and a 
generic Proof Assembly (task archetype 3D) -- are used to exemplify each part of 
the four-process architecture of evidence centered assessment design, indicating 
intended goals of delivery capability in an improved version of the CogBooks 
platform. 

Appendix A includes a detailed specification of the multi-phase Body Systems 
Simulation task. 

 
ECD Four-Process Architecture 

 
 

Taxonomy of Intermediate Constraint 
Assessment Items and Tasks 

The two graphics shown here are representative of the ECD four-process 
architecture and the Taxonomy of Intermediate Constraint.  Full descriptions and 
explanations of these two concepts are provided in the Assessment System Plan 
document. 
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Task Descriptions 

2D - Complex Multiple Choice 

The Complex Multiple Choice 
(2D) is an assessment task 
archetype that allows for the 
display of several media 
artifacts (images, videos) for 
comparison.  These 
comparisons can be articulated 
in a relatively constrained way 
using a series of focused 
multiple choice items. 

This task archetype has two 
primary strengths, including 
the simultaneous and ordered 
delivery of several items 
related to the same general 
construct, and the potential to deliver items of differing levels of difficulty (using 
specific ordering strategies).  These two aspects of archetype 2D allow for precise 
mapping of the learner’s performance to specific levels of the outcome space. 

3D - Proof Assembly 

The Proof Assembly (3D) is an 
assessment task archetype that 
allows a learner to demonstrate 
understanding by solving a proof 
using a predefined (constrained) set 
of proof components.  The task can 
be structured in such a way that 
more components can be provided 
in the “tool box” than are necessary 
to assemble the proof -- thus 
increasing the difficulty of the task. 

A major strength of this task 
archetype is the ability to track the ordering and reordering moves a learner 
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makes with the components as he or she assembles the proof.  This allows for the 
potential to gather evidence representing a learner’s thought process at a rather 
granular level. 

6A - Open-ended Multiple Choice 

The Open-ended Multiple Choice (6A) 
is an assessment task archetype 
which requires a learner to assemble 
representations of data or annotate 
data representations through a series 
of provided prompts.  Another way to 
think about this archetype is a 
partially-completed constructed 
response task. 

Considering the “trout population” example shown at right, this task archetype 
provides the opportunity to define ranges of accuracy (based on graph 
coordinates) that allow for gathering evidentiary trends of performance that can 
be analyzed for patterns of understanding and misunderstanding.  In other 
words, beyond the simple completion/incompletion of the task, what type of 
mistake(s) did the learner make during the time he/she interacted with the task? 

6B - Figural Constructed Response 

The Figural Constructed Response 
(6B) is an assessment task archetype 
which requires the learner to 
generate a representation in a 
relatively open-ended, yet 
controlled space. 

Similar to the 6A task archetype, 
the 6B task archetype offers the 
opportunity to gather evidence 
about a learner’s attempts, failures, 
and successes in forming a 
representation as part of the learning performance demonstrated in the process 
of completing the task.  The relatively open-ended nature of the task lends to a 
range of difficulty options for the same construct, allowing for flexibility of 
delivery in an adaptive environment -- such as the option to serve up a partially 
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completed representation (or a less “jumbled” pool of components) to a learner 
with a profile of poor performance or less understanding in the relevant domains 
associated with the chosen construct(s). 

7B - Demonstration, Experiment, Performance (Simulation) 

The Demonstration, Experiment, Performance (7B) is an assessment task 
archetype which allows a learner to demonstrate rather complex performances 
of understanding and abilities through some combination of activities 
surrounding a particular construct.  Typically these performances represent 
rather advanced understanding and ability (with successful demonstration 
placing a learner near the top of the outcome space for said construct).  Typically 
this archetype can be associated with one or more simulation activities that may 
or may not be integrated as part of the assessment task itself. 

The purpose of the chosen example -- the “Body System” simulation task 
(description available as Appendix A) -- is to identify the interdependence of 
several human systems involved with the supply of oxygen to muscles for 
physical exertion.  The task consists of four phases, starting with the creation of a 
systems model by the student.  The student then explores a simulation of the 
human cardiovascular and respiratory systems, leading to a hypothesis and 
experimentation, data collection, and analysis revolving around the 
interdependence of these systems.  The final phase involves critical evaluation 
and modification of the systems model presented throughout this task. 

It should also be noted that the Body System example also includes the Concept 
Map (6C) assessment task archetype as a subtask. 

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. 

Task Evidence Composite Library 

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

Instructions 

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. 

Description Data 

Specifically, description data are task metadata concerning outcomes associated 
with the task, identified difficulty level of the task, task type (e.g., multiple 
choice, ranking, sorting, constructed response, simulation, experiment, design 
solution), and -- potentially -- additional procedural values, such as the number of 
previous iterations and attempts for the given student. 

For example, outcome description data for the Body System Simulation Task 
would be: 

● Phase 1: Create models of human body systems and organs. 
● Phase 2: Develop and communicate an evidence-based scientific 

explanation regarding how humans address basic survival needs. 
● Phase 3: Analyze and interpret data to generate evidence that human 

systems are interdependent. 
● Phase 4: Evaluate models of human body systems and organs.  Identify 

strengths and weaknesses of the model in representing complex natural 
phenomena. 

For the Assemble Proof (3D) task archetype, the outcome description data would 
be: 

● Assemble a valid direct mathematical proof. 

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 
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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. 

Task Evidence Composite Library 
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 (Presentation Material). 

Work Products 

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 
pieces of artwork produced to meet the requirements of the Advanced 
Placement Studio Art Portfolio Assessment. 

Work Products for the Body System Simulation Task would be: 

● Phase 1 
○ Completed concept map with nodes, links, and annotations. 

● Phase 2 
○ Trace data of exploration of system simulation based on 

manipulation of inputs and recording of outputs. 
○ Typed scientific explanation. 
○ Typed hypothesis. 

● Phase 3 
○ Trace data of experimentation trials conducted to test established 

hypothesis. 
○ Table of data generated from all experimental trials. 
○ All graphs generated by examinee based on tabular data. 
○ Typed explanation. 

● Phase 4 
○ Snapshots of identified sections of initial model coupled with 

descriptions of strengths and weaknesses of model. 
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○ Updated model of system. 
● Any other performance trace data collected about the examinee’s 

interactions within and across Phases of the Body System Simulation Task. 

For the Assemble Proof (3D) task archetype, the Work Product would be a 
completed or partially completed proof, as well as any performance trace data 
collected about the examinee’s interactions with the proof during (attempted) 
completion. 

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. 

Task Evidence Composite Library 
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.  These data are used to generate observations about work 
products. 

Observations 

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. 

Example Observations are listed below the Work Products for each phase of the 
Body System Simulation Task.  These are not exhaustive lists. 

● Phase 1 
○ Completed concept map with nodes, links, and annotations. 

■ completion (coverage) of model to include all system 
components 

■ accuracy of linked relationships 
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■ presence/absence of annotations 
■ quality of annotations 

● Phase 2 
○ Trace data of exploration of system simulation based on 

manipulation of inputs and recording of outputs. 
■ choice of variables manipulated 
■ relevance of patterns of interaction to interdependence of 

heart and lungs 
○ Typed scientific explanation. 

■ accuracy of explanation concerning transfer of oxygen to 
muscles 

○ Typed hypothesis. 
■ relevance of hypothesis to interdependence of human 

systems, specifically the necessity of the heart to deliver 
oxygen to the muscles 

■ “testability” of hypothesis - orientation toward 
experimentation and graph-based inquiry 

● Phase 3 
○ Trace data of experimentation trials conducted to test established 

hypothesis. 
■ number of trials conducted 
■ relevance of variance in manipulation of variables from one 

trial to the next 
■ relevance to interdependence of heart, lungs, vessels, and 

muscles 
○ Table of data generated from all experimental trials. 

■ [It’s likely that there would not be any relevant observations 
due to the automatic generation of table data] 

○ All graphs generated by examinee based on tabular data. 
■ number of graphs generated 
■ relevance of graphs to conducted experiments 
■ relevance of graphs to completed  

○ Typed explanation. 
■ accuracy of explanation concerning interdependence of heart, 

lungs, and muscles 
■ relevance between hypothesis, generated graphs, and 

resulting explanation 
■ inclusion (and relevance) of direct connections of graphs/table 

as evidence in explanation 
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● Phase 4 
○ Snapshots of identified sections of initial model coupled with 

descriptions of strengths and weaknesses of model. 
■ quality and relevance of chosen snapshots of initial model 
■ connection between identified strengths/weaknesses and 

chosen snapshots 
■ quality and relevance of descriptions based on identified 

strengths and weaknesses 
○ Updated model of system. 

■ connections between identified strengths/weaknesses and 
chosen updates to system model 

■ connections between chosen model updates and descriptions 
of strengths/weaknesses of previous model 

● Any other performance trace data collected about the examinee’s 
interactions within and across Phases of the Body System Simulation Task. 

○ Are there relevant patterns of interaction that can inform placement 
of this examinee within the outcome space? 

For the Assemble Proof (3D) task archetype, observations about the Work 
Product would be: 

● Completed or partially completed proof. 
○ quality (and or completion) of proof  

● Performance trace data collected about the examinee’s interactions with 
the proof during (attempted) completion. 

○ number of “moves” necessary to complete the proof 
○ relevance of “reordering” or “deletion” moves, if any 

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. 

Task Evidence Composite Library 
Information required by the Summary Scoring Process includes Weights of 
Evidence that are used in combination with observations from task responses to 
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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. 

Scoring Record 

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. 

KSAs for the Body System Simulation Task would be similar to the outcome 
description data provided above: 

● Phase 1: Create models of human body systems and organs. 
● Phase 2: Develop and communicate an evidence-based scientific 

explanation regarding how humans address basic survival needs. 
● Phase 3: Analyze and interpret data to generate evidence that human 

systems are interdependent. 
● Phase 4: Evaluate models of human body systems and organs.  Identify 

strengths and weaknesses of the model in representing complex natural 
phenomena. 

Similarly, the KSA for the Assemble Proof (3D) task archetype would be: 

● Assemble a valid direct mathematical proof. 

Task-Level Feedback 
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 or completes a pre-defined segment of a 
learning/assessment task, CogBooks provides immediate feedback concerning 
the correctness of the learner’s response or performance.  The recommended 
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concepts that are delivered by the algorithm to a learner following an incorrect 
response can be considered a form of indirect task-level feedback. 

Task-level feedback for each phase of the Body Systems Task might manifest as 
follows. These are not exhaustive lists. 

● Phase 1 
○ Completed concept map with nodes, links, and annotations 

■ accuracy of number and content of nodes 
■ accuracy of number and connectivity of links 
■ relevance of annotations (or lack thereof) 

● Phase 2 
○ Trace data of exploration of system simulation based on 

manipulation of inputs and recording of outputs. 
■ relevance of chosen inputs and outputs (or lack thereof) 

○ Typed scientific explanation. 
■ accuracy of explanation (as compared to chosen inputs and 

outputs) 
○ Typed hypothesis. 

■ accuracy of hypothesis (as compared to chosen inputs and 
outputs and explanation) 

● Phase 3 
○ Trace data of experimentation trials conducted to test established 

hypothesis. 
■ quality (and improvement trends) of trials as they are 

conducted 
■ relevance of trials to established hypothesis 

○ Table of data generated from all experimental trials. 
■ [It’s likely that there would not be any relevant task-level 

feedback due to the automatic generation of table data] 
○ All graphs generated by examinee based on tabular data. 

■ quality of each graph 
■ relevance of graphs to table data 
■ relevance of graphs to hypothesis and patterns of 

experimentation 
○ Typed explanation. 

■ accuracy of explanation based on data 
■ accuracy of explanation based on hypothesis 
■ relevance of explanation to hypothesis and trials conducted 

● Phase 4 
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○ Snapshots of identified sections of initial model coupled with 
descriptions of strengths and weaknesses of model. 

■ accuracy of descriptions 
■ relevance of descriptions to identified sections 

○ Updated model of system. 
■ amount of improvement in model 
■ detailed suggestions based on types of improvements made 

● Any other performance trace data collected about the examinee’s 
interactions within and across Phases of the Body System Simulation Task. 

○ [specific examples of feedback are not available due to amorphous 
nature of identified trace data] 

Similarly, for the Assemble Proof (3D) task archetype: 

● Completed or partially completed proof. 
○ completeness of proof 
○ accuracy of proof 
○ concision of proof 

● Performance trace data collected about the examinee’s interactions with 
the proof during (attempted) completion. 

○ quickness of completion and number of mistakes/revisions 
○ feedback could be customized to be delivered immediately upon 

each mistake or at delayed intervals based on patterns of revision, 
etc. 

Summary Feedback 
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 
to any number of tasks. Summary feedback can be reported to the 
Administrator, the Participant, or other interested parties. 

Summary feedback for each phase of the Body Systems Task might manifest as 
follows, based on the KSAs described above. 

● Phase 1 
○ Completed concept map with nodes, links, and annotations. 
○ KSA: Create models of human body systems and organs 
○ Feedback informing the examinee as to their ability as a model 

creator, and the levels of knowledge they’ve demonstrated as such. 
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● Phase 2 
○ Trace data of exploration of system simulation based on 

manipulation of inputs and recording of outputs. 
○ Typed scientific explanation. 
○ Typed hypothesis. 
○ KSA: Develop and communicate an evidence-based scientific 

explanation regarding how humans address basic survival needs 
○ Feedback informing the examinee of their level of abilities to 

develop and communicate an explanation, and the levels of 
knowledge of body systems and basic human survival inherent in 
such explanations. 

● Phase 3 
○ Trace data of experimentation trials conducted to test established 

hypothesis. 
○ Table of data generated from all experimental trials. 
○ All graphs generated by examinee based on tabular data. 
○ Typed explanation. 
○ KSA: Analyze and interpret data to generate evidence that human 

systems are interdependent 
○ Feedback informing the examinee of their level of abilities in data 

analysis and interpretation as well as their demonstrated levels of 
knowledge regarding the interdependency of human systems. 

● Phase 4 
○ Snapshots of identified sections of initial model coupled with 

descriptions of strengths and weaknesses of model. 
○ Updated model of system. 
○ KSA: Evaluate models of human body systems and organs.  Identify 

strengths and weaknesses of the model in representing complex 
natural phenomena 

○ Feedback informing the examinee of their level of ability to evaluate 
systems models as well as their demonstrated levels of knowledge 
regarding representation of complex natural phenomena (and 
understanding of the phenomena). 

● Any other performance trace data collected about the examinee’s 
interactions within and across Phases of the Body System Simulation Task. 

○ If there are relevant patterns of interaction that can inform 
placement of this examinee within the outcome space, such 
placement would be delivered here as summary feedback. 
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Similarly, for the Assemble Proof (3D) task archetype: 

● Completed or partially completed proof. 
○ quality (and or completion) of proof 
○ KSA: Assemble a valid direct mathematical proof. 
○ Feedback informing the examinee of their level of ability to 

assemble this type of proof as well as the demonstrated levels of 
knowledge associated with the inherent mathematical functions. 

● Performance trace data collected about the examinee’s interactions with 
the proof during (attempted) completion. 

○ If there are relevant patterns of interaction that can inform 
placement of this examinee within the outcome space, such 
placement would be delivered here as summary feedback. 

Models of the Conceptual Assessment Framework 
This section describes the Student, Task, Evidence, Assembly, Presentation, and 
Delivery Models, all of which are part of the Conceptual Assessment Framework 
of ECD.  These models are specified using the example Body System Simulation 
task. 

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 the Body System Simulation, the Student Model would, at a minimum, consist 
of the identified KSAs: 

● Create models of human body systems and organs. 
● Develop and communicate an evidence-based scientific explanation 

regarding how humans address basic survival needs. 
● Analyze and interpret data to generate evidence that human systems are 

interdependent. 
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● Evaluate models of human body systems and organs.  Identify strengths 
and weaknesses of the model in representing complex natural phenomena. 

These KSAs would likely be specified and articulated into elements of much 
smaller granularity for ease and flexibility of analysis of dependencies and 
relationships between them. 

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. 

In the case of the Body System Simulation task, the Task Model would include the 
variables associated with key features for each of the four phases, such as 

● creation of a systems model 
● exploration of human cardiovascular and respiratory systems  
● hypothesis and experimentation 
● data collection and analysis 
● interdependence of these systems  
● critical evaluation and modification of the systems model 

The Presentation specifications would focus upon the order in which the phases 
occur and what should be delivered as sub tasks during each phase.  Work 
Products for this task are described in a previous section of this document, and 
the specifications of these products would be included in the task model when 
designing this assessment. 

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. 
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Essentially, the Evidence Model contains rules to structure Observations about 
the work products (as described above).  Statistical models are included for each 
rule in order to quantify the qualitative rule-based observations.  Consider Phase 
2 of the Body Systems Simulation task: 

● Phase 2 
○ Trace data of exploration of system simulation based on 

manipulation of inputs and recording of outputs. 
■ choice of variables manipulated 
■ relevance of patterns of interaction to interdependence of heart 

and lungs 
○ Typed scientific explanation. 

■ accuracy of explanation concerning transfer of oxygen to 
muscles 

○ Typed hypothesis. 
■ relevance of hypothesis to interdependence of human systems, 

specifically the necessity of the heart to deliver oxygen to the 
muscles 

■ “testability” of hypothesis - orientation toward experimentation 
and graph-based inquiry 

Each of the italicized observations would be represented in the Evidence Model 
as a set of rules for qualitative (semantic) evaluation of the identified outcome, 
and each of these rule sets would have associated quantitative statistical models. 

Assembly Model 

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

This is essentially a bigger picture perspective of the Presentation instructions 
contained within the Task Model.  It allows for interoperability amongst Tasks, 
and the indication of hierarchical or procedural relationships amongst them.  For 
the Body Systems Simulation task, the instructions would be simple ordering of 
the four phases, as well as any linkages to prior or future tasks that could be 
associated with this task. 

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 
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by computer and on paper would have different Presentation Models, even if 
their stimulus content, response format, and evidence rules were identical. 

The Presentation Model would be essentially the same for all tasks delivered in 
the CogBooks platform, due to the fact that this is the only channel of delivery 
relevant to CogBooks. 

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.). 

Specification of the Delivery Model for the Body Systems Simulation task 
example is beyond the scope of intention for this document. 
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Appendix A 
Body System Simulation Task 

Specifications 
Task Length: approximately 12 minutes 

Assessment: 4 phases 

Simulation Task Overview 
The purpose of this simulation task is to identify the interdependence of several 
human systems involved with the supply of oxygen to muscles for physical 
exertion.  The task consists of four phases, starting with the creation of a systems 
model by the student.  The student then explores a simulation of the human 
cardiovascular and respiratory systems, leading to a hypothesis and 
experimentation, data collection, and analysis revolving around the 
interdependence of these systems.  The final phase involves critical evaluation 
and modification of the systems model presented throughout this task. 

Phase 1: Model Creation (3 minutes) 
In Phase 1, the student creates a concept map representing his or her mental 
model of the way that muscles get oxygen via the lungs, heart, and blood vessels. 
Nodes of the concept map can either be pre-labeled or blank.  The student 
arranges the components of the system from a disorganized pile. 

Inputs 

Nodes: Labeled or unlabeled component parts of cardiovascular and respiratory 
systems 

Links: Drawn between placed nodes 

Annotations: Text written on links to describe relationship 

Outputs 

Completed concept map with nodes, links, and annotations. 

Evidence Outcomes 

Create models of human body systems and organs. 
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Phase 2: Systems Exploration and Hypothesis (3 minutes) 
Phase 2 consists of two parts.  First, the student can explore heart and lung 
interdependence with an interactive simulation of the circulatory system and 
lungs with a focus on the delivery of oxygen to muscles using oxygen-rich blood 
pumped by the heart.  The student can change requirements for muscle exertion 
(low, medium, high METs) by changing between available physical activities.  The 
student can watch the effects of different muscle exertion requirements on the 
outputs of the simulation.  As an assessment, the student must use observations 
from his or her exploration of the simulation to create an evidence-based 
scientific explanation of how oxygen gets to muscles. 

Next, the student generates a hypothesis about the interdependence of human 
systems, focused on the necessity of the circulatory system (powered by the 
heart) to deliver oxygen to muscles.  This hypothesis formation leads to a need for 
generating evidence through graphing output through direct experimentation 
with simulation. 

Input Variables 

Physical Activities (Exertion Level) 

● Low (<3 METs) 
○ such as: sleeping, sitting in chair 

● Moderate (3-6 METs) 
○ such as: walking, yoga 

● Vigorous (>6 METs) 
○ such as: running, soccer 

Output Variables 

Cardiovascular and respiratory responses to muscular exertion 

● oxygen consumption (VO2) 
● heart rate (bpm) 
● blood flow (heart rate x stroke volume) 
● breathing rate 
● breathing volume 
● body temperature 
● sweat production 
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Data and Display 

Some output variables are represented visibly with animated changes to the 
model of the cardiovascular and respiratory systems (i.e., lungs get bigger, heart 
beats faster, more blood pumping through chambers at a given time).  Other 
variables are displayed as numbers in a dashboard format near the visualized 
model. 

Procedural Overview 

1. Student is asked to write an evidence-based scientific explanation of how 
oxygen gets to muscles. 

2. Student explores simulation of cardiovascular and respiratory systems, 
observing the change in system outputs based on manipulated levels of 
exertion. 

3. Student writes the explanation. 
4. Student is asked to generate a hypothesis about the interdependence of 

human systems to get oxygen to muscles. 
5. Student writes hypothesis. 

Evidence Outcomes 

Develop and communicate an evidence-based scientific explanation regarding 
how humans address basic survival needs. 

Phase 3: Experimentation, Graphing, and Analysis (3 minutes) 
In Phase 3, the student tests his/her hypothesis by manipulating heart rate, 
breathing rate, or breathing volume to the see the effects on blood flow, oxygen 
consumption, and exertion level.  The student should be encouraged to conduct 
at least 4-5 trials of the experiment (perhaps controlling one of the input 
variables while testing another) to investigate the interdependence of the heart, 
lungs, vessels, and muscles. A data table will be automatically generated and 
populated during this experimentation.  The student should be able to generate 
graphs based on tabular data once experimentation is complete. 

Input Variables 

● physical activities (exertion level) 
● heart rate 
● breathing rate 
● breathing volume 

23 of 25 



Output Variables 

● oxygen consumption (VO2) 
● heart rate (bpm) 
● blood flow (heart rate x stroke volume) 
● breathing rate 
● breathing volume 
● body temperature 
● sweat production 

Data and Display 

The student’s hypothesis is shown on screen for the duration of this phase. 

The data table generated by the student’s experimentation should include 
columns for heart rate, breathing rate, blood flow, oxygen consumption, exertion 
level, and duration of exertion before failure. 

Each graph generated by the student should be visible simultaneously with the 
table and hypothesis.  Each graph replaces the previously generated graph, but 
all generated graphs should be able to be recalled by the student. 

Procedural Overview 

1. Student is asked to experimentally manipulate simulation variables to test 
posed hypothesis -- with the goal of writing evidence-based explanation of 
how heart, lungs, and muscles are interdependent. 

2. Student conducts at least 4-5 experimental trials (ideally controlling at 
least one input variable) 

a. Table is generated and auto-populated during these trials 
3. Student stops trials and views tabular data. 
4. Student is prompted to generate graphs from data. 
5. Student generates one or more graphs for visualizations of tabular data. 
6. Student writes evidence-based explanation. 

Evidence Outcomes 

Analyze and interpret data to generate evidence that human systems are 
interdependent. 

Phase 4: Model Critique (3 minutes) 
In Phase 5, the student must evaluate the shortcomings of the systems model 
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presented in the simulation now viewed as a static visual representation 
(diagram).  Following his or her evaluation of the diagram and its shortcomings, 
the student should create a more complex (and complete) model of the 
circulatory system and all the functions it provides (e.g., liver, kidneys, digestion, 
brain). 

Inputs 

Interactive diagram of systems model. 

Pool of additional systems components to be integrated into model (available on 
demand). 

Outputs 

Updated systems model with additional complexity. 

Data and Display 

The simulation is replaced with a static representation of the cardiovascular and 
respiratory systems model inherent in the simulation. 

The representation becomes interactive when the student can modify the model 
by adding components. 

Procedural Overview 

1. Student is presented with static representation of systems model. 
2. Student is asked to evaluate strengths and weaknesses of model in its 

representation of complex natural phenomena (specific phenomena are 
prompted?). 

3. Student identifies sections of model and describes strengths/weaknesses. 
4. Pool of additional model components is presented to student (components 

populated based upon model weaknesses identified by student). 
5. Student creates updated model of system. 

Evidence Outcomes 

Create and evaluate models of human body systems and organs.  Identify 
strengths and weaknesses of model representing complex natural phenomena. 
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