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	“The problems we face today are too great to be met w/out active engagement.  Solutions require the ingenuity of those most affected, creativity the emerges from diverse perspectives, commitment by those that have a stake, it takes an active citizenry to create public decision making that is accountable to address today’s crises.”   
 Frances Moore Lappe


About This Step – This step is designed to accomplish 5 things:
1. Inventory of Data Management Needs or identify what data, results and information is being generated that needs to be managed, including laboratory, meta-data and quality assurance and control data. 

2. Identification of the minimum data elements (information) required, desired or preferred by you and targeted decision makers. 

3. Description and illustration of data management processes that move data through the data management system.
4. Identification of data management system support elements and tools that allow for consistent, reliable and comparable data management (design and relationships, hardware, software, GIS and web considerations, naming conventions, data thorns, user considerations, safety/archive and training).
5. Mechanism to document data management of raw data/results and associated support elements, Data Management Plan Part 1. 

Why Do This Step?

How will data transform into information? 

Regardless of whether you are starting from scratch and only are planning to collect data or have small to large amounts of data already managed to some degree, take the time to plan, evaluate and document your data management system. 

Data and results generated by monitoring activities are numbers but are not necessarily information. Data and results are transformed into information through analyses, summaries, interpretation, findings, conclusions and recommendations we develop. That develops a story, we have a story to take into action decisions. The act of reporting the information, or story, to our targeted data users is the minimum “action” we conduct as part of a holistic monitoring design. We call this data utilization, turning results into information and delivering to a decision maker or endpoint. We also may take other action with the information such as, modifying a BMP or developing a watershed plan. Monitoring results are always just results. 

The ability to manage data or results is an essential element in the process of turning results into information and delivering that information to a decision maker. Phase 3 products, a Data management Phase 1 and Phase 2 Plan, are design to help you build a foundation that will support the transformation of your results into information, all the processes that enable that to happen. 

I understand data management is necessary but really why is a plan necessary?

If you plan to manage your data you provide an opportunity to involve and integrate more people into your monitoring and assessment program or information program. Most monitoring programs, maybe every one, began to manage data when it started to be generated as opposed to having a plan for how to manage data before data were ever collected. Sometimes this works just fine. More often however, data management and lack of planning takes more time from us than it saves us in high speed function. Take this simple example:

You are monitoring 10 stations, once a month for 10 variables. Doesn’t sound like much data, but look further. That equates to 100 pieces of data per month and 1,200 data points and data sheets per year (more if you have > one data sheet per sample event). Now add that you have been doing this for 10 years that is 12,000 data points. This does not include any quality assurance or control data, meta-data or information about the data, methods or purpose. Data generated can add up in volume very quickly. Would you want to walk into 12,000 data sheets, even well organized, and start to electronically manage that data? Oh, and a report is due next week to renew that monitoring funding.

Typically without forethought and planning we manage the data “as it rolls in or a report is needed” and thus end up with a foundationless add-on data management system. We add on what we need as we go. Apply this approach to building a house. We need a room so we build it, then we need another so we attach it, we need a third and attach it and so on. There is no foundation underneath the entire house. It may function and provide shelter, but if we could build it from scratch it would be structurally sound and provide longer term shelter and perhaps less care to take care of. Certainly with technology changing there is a certain degree of this inherent to the work.

You may ask who cares how we get there as long as we get there? Some value can be given that statement. The fruit of the discussion lies in the question, “is our data management system providing the tools to manage the data efficiently and effectively for us to turn monitoring results into information, a story, and get the information to my data users for a decision and how do I know this?” If you answer yes and can further describe how, then celebrate and focus on other aspects of your monitoring design. If you cannot, the most likely you are expended resources that could be used elsewhere.

We are suggestion two data management plans. The first Data Management Plan Part 1, Phase 2 Step 11, designs how to manage the raw data, results and information being generated. Items you know you are generating from Phase 1 and 2 results. We break this into two areas, first inventory and design of what results need to be managed and second data management system support decisions. The second Data Management Plan Part 2, Phase 3 Step 15, designs what you know today about how those data will transform into information and be delivered. Analyses, interpretation, formulating recommendations and reporting are all iterative processes that will evolve. We are asking you to plan how you think you will start.

Where are we in the Big Picture Illustration?
Phase 1
 
Step 1: Share Watershed Vision and Desired Outcomes (Results)

Step 2: Scope Inventory (Physical, People and Information)

Step 3: Identify Monitoring Reason(s) and Data Use(s) (Assessment Type)


Step 4: Develop Monitoring Questions (Refinement of Monitoring Reason)


Step 5: Target Decision Makers and Info Needs (Refinement of Data Use)



Step 6: Summarize with Information Blue Print-Data Pathway Fact Sheet)
Phase 2
 
Step 7: What Will You Monitor?


Step 8: When Will You Monitor?


Step 9: Where Will You Monitor?


Step 10: How Will You Monitor to Meet Data Quality Objectives? 
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 Step 11: Management of Raw Data (Data Management Plan Part 1)
Phase 3

Step 12: Data Summary and Analysis



Step 13: Interpretation, Conclusions and Recommendations


Step 14: Communicating and Delivery


 
Step 15: Management to Generate Info (Data Management Plan Part 2)
Phase 4

Step 16: Who Will Do What?  Task Identification


Step 17: Evaluation of Effectiveness (of Plan and Implementation)


Step 18: Documentation and Communication (of M & A Plan)
Products (see Figure Phase 2 Product List):
Part A. Inventory and design of what to manage and how will integrate:

· A list of specific results data collection/monitoring will be generating and how each aspect will be handled from recording, entry, validation, storage, retrieval and transfer

· A list of meta-data (information about the data/results, including quality assurance and control data) that you or targeted decision makers need to support decision

· Identified minimum data elements or information you or decision maker needs, requires or prefer.

· Data management process that move data through the data management system—more after Steps 13-16 in this Phase 3. 

Part B. Data Management System Support Decisions:

· Database Design and relationships

· Hardware and software inventory, status and needs, including graphics, GIS and Web interface needs and plan

· Identified and documented naming and numbering conventions, miscellaneous thorns (detection limit, etc.), user considerations, process tools, safety measures, archive protocols, and training plan

· Documented Data Management Plan Part 1, A and B


What Should Be Done Before This Step

The results from Phase 1 or the people orientation provides the foundation for Phase 2 Steps. Thus, ideally you need to have identified a watershed vision and desired outcomes with associated assumptions and external factors. Defined combination of monitoring purposes and uses, we call Assessment types. For each assessment type a list of monitoring questions the data is to answer and how that question will be answered. For each monitoring question, a list of targeted decision makers, their decision, how they make that decision and what information they need to make the decision. A format to document and summarize the results, we have suggested the information blueprint. 

The results from Phase 2 Steps, provide the foundation for Phase 3 Steps, Step 11 being the first, data management. Thus, ideally you have identified the components of how you will collect data, what variables and information you will collect, when, where, how and how good the data needs to be (quality assurance and control measures). This also includes field and laboratory analyses. These specifics need to be identified and documented in order to understand what data needs managing for findings, analyses, interpretation, reporting/utilization and making decisions, recommendations or taking action.

Basic Tasks 

Basic Tasks are numbered to correlate with the overall 1-18 Steps provided in these guidance modules followed by the basic task sequence step to complete. For example Step 4, basic task 2 would be numbered as Basic Task Step 4.2, Step 3.3 correlates to Step 3, Basic Task 3.
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Identify who will make the decisions about this step and who should be involved in the planning process (they may be different).
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Self Assessment: Identify what decisions have been made and their effectiveness.

Part A. Inventory and Design of What to Manage and How Will Integrate:
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Inventory of data you will be generating for each monitoring question, document all possible results and then and how each data element will be:
· Recorded in the field and/or lab and how

· Entered electronically or electronically transferred

· Validated for accuracy, precision and entry, both field and laboratory and the interface between
Data elements are the individual data generated, chemical, biological, physical, indicators, numeric or narrative.
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Inventory and document the meta-data you or decision maker need to accompany the raw data or information you will generate and deliver.  Meta-data is information about the raw data or results, including station location information, units, methods, qualifiers, quality assurance and control measurements and actions, etc.
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Decide and document the minimum data elements you or decision makers need, prefer or require.
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Draw a diagram of how information will flow from creation to storage, illustrating all the “activities” or “transformations” the data will undertake to be ready to turn into information and delivered (Phase 3).  This illustrates the connections between field/lab, meta-data and results, quality assurance and control data and results, other validation and data, etc.
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Put this together in meaningful way to be Part 1 of your Data Management Plan Part 1, for your monitoring information system. Use the provided outline, edit or develop your own.  Gaps and needs can be identified and placed in the Action Plan, last Basic Task.  
Part B. Data Management System Support Decisions
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Inventory and document hardware and software will employ and why for data validation and storage (ready for data-to-information functions).  Determine your database structure and relationship hierarchy.  
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Inventory and document naming and numbering conventions.


[image: image15.wmf]11.10 
Inventory and document your miscellaneous thorns (missing data points, detection limits, zero values, range results, narrative results such as “too numerous to count” etc.) and plan to address.
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Inventory and document relevant System User considerations. Answer the series of questions and document the results. 
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Inventory and document relevant Process tools and protocols. 
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Determine and document data safety plan for hard and electronic data, back-up and archive protocols, and data management system training and/or cross training plans, make a table of duties/process and those who will/should know them.
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Add Part B results to the Data Management Plan Part 1 for completion.  See provided outline, edit or develop your own for these items.
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Update Inventory Master List and Plan.
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Update Information Blueprint – Data Pathway Fact Sheet for each monitoring question.
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Place Products in your Watershed Monitoring and Assessment Plan.
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Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).
Worksheets 

Work sheets are listed below. Not all Basic Tasks have an associated work sheet. To simplify completion of products for each step, the worksheets or broken into small subsets of tasks. This requires moving the results of one task into the next task and will seem redundant, especially if completing worksheets by hand. Worksheets are provided in word here for ease of reproducibility. These are a starting point, we encourage you to customize these and reproduced them in an electronic format, in Excel for example, where it is easy to move information from one area to another by cutting and pasting. 

Work Sheets are numbered to correlate with Basic Steps and the overall Steps in these guidance modules. Each consecutive work sheet is lettered a, b, c and so forth, preceded by the Basic Task sequence step, preceded by the Step number. For example, Worksheet Step 4.2.a and Step 4.2.b, correlates to Step 4, Basic Task 2, Worksheet a and Worksheet b. In theory worksheet a needs to be completed before worksheet b. 

Worksheet 11.2.a 
Self Assessment Step 11 Worksheet and Products to be completed Prior to this Step, Part 1 and Part 2
PART A – Inventory of Raw Data
Worksheet 11.3.a
Inventory of data you will be generating for each monitoring question, document all possible results and then and how each data element will be:
· Recorded in the field and/or lab and how

· Entered electronically or electronically transferred
· Validated for accuracy, precision and entry, both field and laboratory and the interface
Worksheet 11.4.a
Inventory and document the meta-data you or decision maker need to accompany the raw data or information you will generate and deliver
Worksheet 11.5.a
Decide and document the minimum data elements you or decision makers need, prefer or require
Worksheet 11.6.a 
Draw a diagram of how information will flow from creation to storage, illustrating all the “activities” or “transformations” the data will undertake to be ready to turn into information and delivered (Phase 3).  This illustrates the connections between field/lab, meta-data and results, quality assurance and control data and results, other validation and data, etc.
Worksheet 11.7.a 
Put this together in meaningful way to be Part 1 of your Data Management Plan Part 1, for your monitoring information system. Use the provided outline, edit or develop your own.  Gaps and needs can be identified and placed in the Action Plan, last Basic Task.  
PART B – System Support Decisions for Entry, Storage and Retrieval for other functions

Worksheet 11.8.a
Inventory and document hardware and software will employ and why for data validation and storage (ready for data-to-information functions).  

Worksheet 11.9.a
Inventory and document naming and numbering conventions.

Worksheet 11.10.a
Inventory and document your miscellaneous thorns (missing data points, detection limits, zero values, range results, narrative results such as “too numerous to count” etc.) and plan to address.

Worksheet 11.11.a
Inventory and document relevant System User considerations. Answer the series of questions and document the results. 

Worksheet 11.12.a
Inventory and document relevant Process tools and protocols. 
Worksheet 11.13.a
Determine and document data safety plan for hard and electronic data, back-up and archive protocols, and data management system training and/or cross training plans, make a table of duties/process and those who will/should know them.

Worksheet 11.14.a
Add Part B results to the Data Management Plan Part 1 for completion.  See provided outline, edit or develop your own for these items.

Worksheet 11.17.a
Place Products in your Watershed Monitoring and Assessment Plan.
Worksheet 11.18.a
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

How to do Worksheets

For Sheet 11.2.a
Self Assessment Step 11 Worksheet and Products to be completed Prior to this Step, Part 1
Part 1. Complete the self assessment section of the worksheet to evaluate what you have or what decisions have already been made.  This will help you focus on what you need from this step and incorporate valuable existing information or products into this plan.

Part 2. Next, to prepare to complete this step the following, you need to have the following items addressed:  
· Desired set of outcomes or results that the monitoring and assessment activities will be designed to help achieve

· Identified monitoring and assessment activities, specific combinations of a monitoring reason plus an associated data use; we call this an Assessment Type. You may have multiple Assessment Types.  

· For each Assessment Type, the list of specific monitoring questions the monitoring and assessment will be designed to answer.

· For each monitoring question, the targeted decision makers, the type of decisions they will make and the information they need to make them (as specific as possible).  

· A minimal scoping inventory that identifies the watershed boundary and water bodies you are focusing on (rivers, lakes or wetlands), physical attributes of water bodies (including status, uses, etc.), relevant cultural or historical aspects, existing data sets or monitoring efforts and others in the watershed who either you want to influence or could help you implement.
· Technical sample plan including what monitor (indicators, benchmarks, criteria, etc.), where and when monitor, how will meet data quality objectives (methods, how good does the data need to be for decision makers, quality assurance and control measures), and how will manage and verify raw data/information.

This is the ideal list, if you do not have any of these, they become a gap or need that should be addressed before any data is collected or analyzed, even if the answers aren’t perfect or you don’t have a large degree of confidence surrounding them, they should be attempted as the starting point.  This is what you are evaluating in this step-your monitoring and assessment plan.

Worksheet 11.2.a  
Self Assessment Step 11 Worksheet and Products to be completed Prior to this Step, Part 1.
Part 1 Self Assessment of Known Evaluation Products and Processes

1. Determine if you “have” or “don’t have” the item, mark the appropriate box.  If you don’t have it and determine you don’t need it, explain why in the comments document.  You may not need to know but perhaps your target decision makers, board or membership might want to know.
2. If you have the item “documented”, mark that box.  If so, list in the comments where, hard copy, chapter in a document, electronic file name and location, etc.  The assumption is you value the ultimate goal to document and communicate your M & A plan, activities and results.
3. If you have the item, assess the use of it, use the scale below or provide your own answer and comments.

Rating Scale for USE:


0=doesn’t exist so use is nil

1=don’t know why would need or understand item


2=exists, don’t know where it is, if it is used, etc. so use is essentially nil

3=exists and use some of time


4=exists and use all the time


5=wish it existed, would use it lots
4. If you have the item, assess the effectiveness of it, just because something exists or is used does not mean it is effective in its use, use the effectiveness scale below or provide your own answer and comments.
Rating Scale for EFFECTIVENESS, assumes material exists:


0=not effective or functional at all


1=incomplete (all elements are not there) and some existing parts need revising


2=incomplete but what is there is okay


3=complete (all elements are there), some parts okay but need revising


4=complete and effective

	Item
	Have
	Don’t Have
	DOC
	Assessment of Use

(Scale 0-5)
	Assessment of Value /

Effectiveness

(Scale 0-4)
	Comments


	33. . Data management of field datasheets, standardized, validated, stored, retrievable
	
	
	
	
	
	

	34. Data management for electronic data (entry, validation, stored, retrievable)
	
	
	
	
	
	

	35. Data management for meta-data, data about the results (location, who collected, etc.)
	
	
	
	
	
	

	36. Identification of meta-data and minimum data elements
	
	
	
	
	
	

	37. Data management from laboratory data (electronic, validated, stored, retrievable)
	
	
	
	
	
	

	38. Data backup, archive, data management training plan
	
	
	
	
	
	

	39. Data management for field/lab qa/qc information
	
	
	
	
	
	

	40. Standardization (naming convention, numbering convention, recording below detection, narrative results, etc.)
	
	
	
	
	
	

	OTHER?
	
	
	
	
	
	


*DOC=Documentation,  *M & A= Monitoring and Assessment

5. To make this assessment useful, determine what your gaps and needs are regarding this step in order to focus your effort in completing this step.  

Worksheet 11.2.a   Self Assessment Step 11 Worksheet and Products to be completed Prior to this Step, Part 2.
Part 2 Products to be completed before this step, in order to complete this step 

	Item
	Response

	Desired set of outcomes or results that the monitoring and assessment activities will be designed to help achieve:
	

	Assessment Types, specific combination of one monitoring reason and data use(r):
	

	For each Assessment Type, the list of specific monitoring questions: 
	

	For each monitoring question, the targeted decision makers, the type of decisions they will make and the information they need to make them (as specific as possible):  
	

	Watershed(s) and Water bodies of focus:
	

	Physical attributes of Water bodies (status, use, etc.)
	

	Existing Data or monitoring efforts:
	

	Indicators, benchmarks and criteria list:
	

	List of monitoring locations/rationale:
	

	List of monitoring frequencies:
	

	Methods list, list of data quality objectives (methods, how good does the data need to be for decision makers), quality assurance and control measures)
	


PART A – Inventory of Raw Data

For Sheet 11.3.a
Inventory of data you will be generating for each monitoring question, document all possible results and then and how each data element will be.
Data elements are the individual data generated, chemical, biological, and physical, indicators, numeric or narrative.  From Phase 2, Step 7, list all the indicators and possible results. Goal is to list and characterize what you are generating such that if you took it to a data management guru (even if that is you), you can see the span of what you need to accommodate in “electronic language”. 
Tips:

1. Include every “result” you will generate.

2. Define the typical “value” for each result.  Include meaningful information such as:

Units
Possible range expect, if appropriate
Significant digits and decimal points
If numeric (number only), character (anything other than a number) or a combination
3. Define how result is “generated” by a staff person recording it, from an instrument reading, analytical lab process with hand written results or electronic results, etc., how do you get it?. In the example below we have three  categories to choose from (hand, electronic and website)

4. Define where the result is “recorded”, if by hand list specific data sheet, if electronic name the file, type and whose computer it is on, if it is a photo or other type label it.

5. Determine if the way you receive the result is validated and ready to go or needs more data validation, such as validation of data entry, validation against quality assurance measures or control samples, validation against another data set, etc. In your Data Management Plan you can describe what validation needs to occur. 
6. Determine the final resting place or “storage” for this data for which it will be retrieved for data-to-information functions. a

7. This characterization will also help you provide consistency and a better product in data recording across samplers, data managers, reporting, etc. 

8. Make several tables, edit the columns, produce something to characterize your data management needs for your ‘data’ manager, staff turnover and to make data management support decisions that will actually facilitate this piece.

EXAMPLE Worksheet 11.3.a 
	Indicator
	Typical Result
	Unit

 /Other
	N or 
 C
	How Rec
	Where Rec
	Validated?
	Final Resting Place

	Temp
	XX.Y
	Degree

Celsius
	N
	Hand
	Field DS
	Y
	Access Chem Table

	DO concentration
	XX.Y
	Mg/L
	N
	Hand
	Field DS
	Y
	Access Chem Table

	DO Sat
	XXX
	%
	N
	Hand
	Field DS
	Y
	Access Chem Table

	Zinc Diss
	XXX.Y
	Ug/L
	N
	Elec
	Access DB
	Y
	Access Chem Table

	Zinc Total
	XXXX.Y
	Ug/L
	N
	Elec
	Access DB
	Y
	Access Chem Table

	Copper Diss
	XXX.Y
	Ug/L
	N
	Elec
	Access DB
	Y
	Access Chem Table

	Copper Total
	XXX.Y
	Ug/L
	N
	Elec
	Access DB
	Y
	Access Chem Table

	Ammonia
	XX.YY
	Mg/L
	N
	Elec
	Access DB
	Y
	Access Chem Table

	Total Sus Solids
	XXX.Y
	Mg/L
	N
	Hand
	TSS Excel SS
	Y
	Access Chem Table

	Macro Species List
	Family, genus, Species
	Name, XXX found
	C andN
	Elec
	Excel SS
	N
	Access Bug Table

	Bug Kick Sketch
	Scanned drawing
	NA
	NA
	Hand
	Field DS
	N
	Linked File to Bug Table of JPG’s

	Wet Width
	XXX.Y
	Feet
	N
	Hand
	Field DS
	Y
	Access Phys Hab Table

	Subst Comp
	Descriptioon, XXX
	%
	N and C
	Hand
	Field DS
	Y
	Access Phys Hab Table

	Discharge
	XX,XXX.YY
	CFS
	N
	Website
	Elect
	N
	Access Phys Hab Table

	Site Photo
	Scanned photo/digital
	NA
	NA
	Hand
	Photo
	N
	Linked File to Bug Table of JPG’s


Worksheet 11.3.a
Inventory of data you will be generating for each monitoring question. 

From Phase 2, Step 7, list all the indicators and possible results. Include the typical value (include significant digit/decimals), unit (if appropriate, how recorded, where generated, validation, final resting place). Make several tables, edit columns, characterize what you are collecting so it can be assessed in “data management” language.
	Indicator
	Typical Result
	Unit

 /Other
	N or 
 C
	How Rec
	Where Rec
	Validation
	Final Resting Place

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


For Sheet 11.4.a
Inventory and document the meta-data you or decision maker need to accompany the raw data or information you will generate and deliver.  Meta-data is information about the raw data or results, including station location information, units, methods, qualifiers, quality assurance and control measurements and actions, etc.

Step 1.  Inventory what generating

In the example below we have provided a way to subset the meta-data by categories, project, organization, station and results.  This may or may not be meaningful for you.  The task is to identify and characterize the “information” about the results that either you our your target decision makers need to make their decision.  Step 11 Resource Guide provides a menu of options to consider.
Meta-data is important to track, validate and determine how it will “travel” through your information system to end up with results to be delivered.  You don’t want the end result to be your decision maker won’t accept your data/results because you didn’t include station location information for example. So, plan ahead. 
Step 2. Determine and document the source (so it can be educated to your needs)

Just like you track the source of monitoring results you need to track the source of your meta data.  It may be a one time effort, like looking up a method, or an ongoing effort such as tracking the names and addresses of volunteer sample collectors.  If you can identify the source and track it, then you have more control over how you receive the information.  
Step 3. Describe how it is managed, where live and key relationships

For each piece of meta-data, determine how you will manage it, where live and what relationship it has to the results.  This is extremely important from an “electronic data” language perspective.  This is the beginning of identifying the relationships between results and meta-data that a data manager needs to produce final products that keep the integrity of data and meta-data and allow for example, the station name to “show up” with a selected set of results.
Use the information generated in the previous Phase 1 and 2 Steps.  For indicators Step 7, for Data Quality Objectives Step 10, etc. 

As with every other step in this workbook, the degree of effort should equate with the need.  If you are collecting a small set of data a few times, then a data management plan is overkill.  However, if you collect a small set of data, every month for 10 years, for 10 indicators, that becomes a large database that requires some degree of management to be useful.  

EXAMPLE Worksheet 11.4.a 
	Meta-data Item


	Source
	How Manage, Where live and relationship to results

	Indicator units
	Sample Design
	With result, live in chemical table, necessary to describe result

	Indicator narratives
	Sample Design
	Such as substrate composition, condition of riparian habitat, treat as ‘results’ and keep in respective tables

	Field Methods
	Sample Operating Procedures Manual, State Health Dept SOP
	Update when method is changed, keep in table with list of methods, EPA test ID number, can request in one of our meta data reports

	Lab Methods
	Sample Operating Procedures Manual, State Health Dept SOP
	Update when method is changed, keep in table with list of methods, EPA test ID number, can request in one of our meta data reports

	Station location information
	Staff generate
	Must have this info to process sample, have an access table with descriptor fields, standardize entry, can search results by station request

	Result qualifiers
	Volunteer and staff generated
	Field in appropriate databases, chemistry, biological, physical for field and lab to include any information that might help with interpretation, can be selected as part of result reporting

	Field quality assurance / control results

(could list specific items)
	Field and lab
	Actual results available by sample identification for field blanks, duplicates and unknowns. Kept in an access table linked to results.  Laboratory “actions” summarized in annual report, text format versus every control result

	Project Id
	Staff generates
	Keep a table with project information, linked to entities involved, helps report data for project reporting to lump results 

	Organization Id
	Staff generates 
	Give each organization and id number, so data can be reported for each organization, have a table with organization name, address, update ongoing, some quality assurance data is by organization not sample event

	Volunteer Id 
	Staff generates
	Give each volunteer and id number, data can be reported for each organization, have a table with organization name, address, update ongoing


Worksheet 11.4.a
Inventory and document the meta-data you or decision maker need to accompany the raw data or information you will generate and deliver.  
Step 1.  Inventory what generating,  Step 2. Determine and document the source (so it can be educated to your needs) and Step 3. Describe how it is managed, where live and key relationship.

	Meta-data Item


	Source
	How Manage, Where live and relationship to results

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


For Sheet 11.5.a 
Decide and document the minimum data elements you or decision makers need, prefer or require.

Minimum data elements are equivalent to the minimum data elements/results and meta-data that you and your decision makers need to make decisions.  Look at Worksheet 11.3.a and 11.4.a and what you know about you and your targeted decision makers information needs and cut/paste or make of list of what your minimum data elements will be.  Step 11 Resource Guide provides a menu of options to consider as well.  The Background and Content Section provide more examples and rationale.  

It is helpful to think of the secondary and further categories as “fields” in a database or information you might want in a report, records to keep. Add a third and fourth tier if useful. Adapt and edit to serve your needs.
The purple dashed line means, etc. or keep listing items under this category and make another tier or category if needed. 

	

	


EXAMPLE Worksheet 11.5.a
You can use this list to make sure you have a “table” or place to store this information, a mechanism to obtain it, get it into your databases, validate it and update it. 

	Primary 

Category


	2nd
Category
	3rd Category
	Explanation

	Contact
	Sources of Data
	
	This element identifies the primary sources or providers of data to the system, whether within or outside the agency, including: name, address, telephone number including area code and e-mail address of the agency to direct questions about the sample analytical results.

	
	
	Org Name
	The legal, formal name of an organization that is the primary source of data.

	
	
	Mailing Address
	The exact address where a mail piece is intended to be delivered, including urban-style street address, rural route, and PO Box.

	
	
	Mailing City
	The name of the city, town, or village where the mail is delivered.

	
	Sample Person
	Sampling Entity/Person Formal
	The legal, formal name of an organization that is the sampling entity

	
	
	Mailing Address
	The legal, formal name of an organization that is the sampling entity.

	
	Laboratory
/Field


	Laboratory Formal Name
	The formal title of the laboratory facility.

	
	
	Mailing Address
	

	Results
	Value Unit
	
	The name of the determinate quantity for a standard of measurement used for measuring dimension, capacity, or amount of something (e.g., g/L, pCi/L, CFU/mL, etc.).

	
	Analyte Name
	
	The name assigned to a substance or feature that describes it in terms of its molecular composition, taxonomic nomenclature or other characteristic. 

	Sample Reason
	Sample Type
	
	Assessment Type, trend, storm event, permit compliance, use your choice list

	
	Start Date
	
	The calendar date when collection of the analyte was started, reported as 4-digit year, 2-digit month, and 2-digit day in YYYYMMDD format.

	
	End Date
	
	The calendar date when collection of the analyte was finished, reported as 4-digit year, 2-digit month, and 2-digit day in YYYYMMDD format.

	Location
	Water body Name
	
	Name of the lake, stream, river, estuary, aquifer, reach name in the National Hydrography Dataset or other water feature related to the physical site.

	
	Station ID
	
	The name or number that uniquely identifies the sample station.

	Collection
	Type
	
	Routine sample, field blank, control, lab duplicate, etc.

	
	Media
	
	Water column, sediment, macroinvertebrate, etc.

	Preservation
	Container
	
	Free text: Sample container type

	
	Filtered
	
	

	Analysis
	Method Number
	
	The method number of the analytical method used, represented as a reference number:

	
	date
	
	The calendar date when analysis of the analyte was finished, reported as 4-digit year, 2-digit month, and 2-digit day in YYYYMMDD format.

	
	Detection limit
	
	The name of the determinate quantity for a standard of measurement used for measuring dimension, capacity, or amount of something (e.g., g/L, pCi/L, CFU/mL, etc.).

	
	Run Batch
	
	A lab-defined identifier for a batch of analyses done on one instrument that make up a sequence of analyses during which the instrument is continuously in control.


Worksheet 11.5.a
Decide and document the minimum data elements you or decision makers need, prefer or require
	Primary 

Category


	2nd 
Category
	3rd  Category
	Explanation

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


For Sheet 11.6.a
Draw a diagram of how information will flow from creation to storage, illustrating all the “activities” or “transformations” the data will undertake to be ready to turn into information and delivered (Phase 3).  This illustrates the connections between field/lab, meta-data and results, quality assurance and control data and results, other validation and data, etc. 

Illustrations help others understand the big picture and can help others help you design effective database management.
Below is an example from a Program in Colorado that uses citizens, students and teachers to collect data in conjunction with staff. They collect water chemistry, macroinvertebrates and physical habitat data.  The volunteers do field tests and send samples to a lab.  Refer to the key bottom right for the symbolization.  The donut holes show where the data will be retrieved and “end” up in the data-to-information process.  After the donut is the multi-page icon, indicating the data-to-information processes that lie ahead.   Data tables are the clipped cornered box, the round oval shape are unique identifiers that connect one table to the tables below it, such as kit_number uniquely identifies every organization.  The double pane, clipped icon illustrate data entry type pages that show where each piece of data is “entered” into the system.  Sample Tracking, for example, is a table that every sample processed is first entered into the system. 
This example illustrates how meta-data, such as school, station, trainees and sample id, date and time are all related and their hierarchy.  In this system you can’t have a station unless it is associated with an organization.
In this example there is only one program generating the data through the use of many organizations, but the data generated is the same.  Another example might be multiple data sources, formats, and methods and that means different transfer, validation and conversion processes, but it could be diagramed. Your program maybe very simple, but it is still valuable to document and illustrate how the data is managed. 

Your data management plan can contain all the table names, function and field names.  Do what is necessary and meaningful.

[image: image24]
Example of Colorado River Watch (RW) Data Management Flow Chart:
[image: image25.jpg]RW Data Management Flow Chart
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Worksheet 11.6.a 
Draw a diagram of how information will flow from creation to storage, illustrating all the “activities” or “transformations” the data will undertake to be ready to turn into information and delivered (Phase 3).  This illustrates the connections between field/lab, meta-data and results, quality assurance and control data and results, other validation and data, etc.

For Sheet 11.7.a 
Put this together in meaningful way to be Part 1 of your Data Management Plan Part 1, for your monitoring information system. Use the provided outline, edit or develop your own.  
The Plan should provide a characterization of what collecting and the processes and functions needed to get the ‘data’ verified, validated, in the final storage place ready to retrieve for the data-to-information functions.  Result and Meta-data characterization was completed in Worksheets 11.3.a, 11.4.a and 11.5.a.  Refer to the Background and Content Section to understand outline items.
Data Management Plan, Part 1 Possible Outline 1 (more by source):

Part A
I Data Source 

A Master List of what generating 

1 Results (Worksheet 11.3.a)
2 Meta-Data (Worksheet 11.3.a)
3 Minimum Data Elements Summary (Worksheet 11.3.a)
II Validation of Results
A Field Data (results generated in the field)

1 At  Collection by Volunteer

2 Through sample processing 

3 Data entry (different levels?)

4 Against Quality Assurance and Control Measures

5 In context with other data

6 Tools used (forms, check lists, etc. Master List)

B Laboratory Data (results generated in a lab)

1 Volunteer Lab

a Fecal Coliform

i Transfer

ii Against Quality Assurance and Control Measures

iii Tools used (forms, check lists, etc. Master List)

2 Commercial Lab

a Metals

i Against Quality Assurance and Control Measures

ii Tools used (forms, check lists, etc. Master List)

b Nutrients

i Against Quality Assurance and Control Measures

ii Tools used (forms, check lists, etc. Master List)

c Macroinvertebrates

i Against Quality Assurance and Control Measures

ii Tools used (forms, check lists, etc. Master List)

C Other Data (drawings, photos, ?)

Data Management Plan, Part 1 Possible Outline 2 (more by media type):


Part A
I Data Source 

A Master List of what generating

1 Results (Worksheet 11.3.a)
2 Meta-Data (Worksheet 11.4.a)
3 Minimum Data Elements Summary (11.5.a)
II Validation of Results

A Field Data (results generated in the field)

1 At  Collection by Volunteer

2 Through sample processing 

3 Data entry (different levels?)

4 Against Quality Assurance and Control Measures

5 In context with other data

6 Tools used (forms, check lists, etc. Master List)

7 Laboratory Data (results generated in a lab) 

B Laboratory Data

1 Metals 

(i) Transfer

(ii) Against Quality Assurance and Control Measures

(iii) Tools used (forms, check lists, etc. Master List)

2 Nutrients

(i) Transfer

(ii) Against Quality Assurance and Control Measures

(iii) Tools used (forms, check lists, etc. Master List)

(iv) Macroinvertebrates

C Other Data (drawings, photos, ?)

Worksheet 11.7.a 
Put this together in meaningful way to be Part A of your Data Management Plan Part 1, for your monitoring information system. Use one of the provided outline examples above, edit or develop your own.  Example 2, is provided below:

I Data Source 
A Master List of what generating
B Results (Worksheet 11.3.a)

C Meta-Data (Worksheet 11.4.a)

D Minimum Data Elements Summary (11.5.a)
II Database Structure and Relationships
III Validation of Results
A Field Data (results generated in the field)
B Laboratory Data

1 At  Collection by Volunteer
2 Through sample processing 
3 Data entry (different levels?)
4 Against Quality Assurance and Control Measures
5 In context with other data
6 Tools used (forms, check lists, etc. Master List)

IV Laboratory Other Data (results generated in a lab)
A Laboratory Data
1 Metals 
a Transfer
b Against Quality Assurance and Control Measures
c Tools used (forms, check lists, etc. Master List)

2 Nutrients

a Transfer
b Against Quality Assurance and Control Measures
c Tools used (forms, check lists, etc. Master List)
3 Macroinvertebrates

V Other Data (drawings, photos, ?)

PART B – System Support Decisions for Entry, Storage and Retrieval for other functions

For Sheet 11.8.a
Inventory and document hardware and software will employ and why for data validation and storage (ready for data-to-information functions).  Determine database structure (fields) and relationship hierchy in manner that can be documented (illustration, table structure printouts, etc.)
Answer the series of questions and determine what you need to ask or employ. See Step 6 Resource Guide item 1 for data quality objective implications for data management.
Worksheet 11.8.a
Inventory and document hardware and software will employ and why for data validation and storage (ready for data-to-information functions).  Determine database structure (fields) and relationship hierarchy in manner that can be documented (illustration, table structure printouts, etc.)

Answer the series of questions and determine what you need to ask or employ. See Background and Content for explanations and choices.  Add more questions.
Q1A.  What hardware do you have now to manage your raw data? Is it meeting your needs? If yes, list the hardware, if not go to 1B. 
Q1B. What do you need?

Q2 . What software do you use now to manage your raw data? Is it meeting your needs and if not, why not? 

A. Spreadsheet database?
B. Relational Database?
C. Other  Needs?
Q3. Do you have your raw data characterized (as Step 11.3.a-11.5.a does), and if so could you take that to a data guru and have them build, tell you what to build, tell you what you need to change, etc.?  It may not be so much of you have to do and know it all, but how do you identify what you need in data language?
Q4. Illustrate database structure/fields and relationship hierarchy:
For Sheet 11.9.a
Inventory and document naming and numbering conventions needed by you or targeted decision maker.


Numbering and naming conventions are “standards” if you will that you employ to provide consistency in the database.  The way computers work is that this allows for easy validation and searching of the database if for example, every Station that had the word “Bridge” in it was always abbreviated “Br”, with no period.  Think of it as a mail carrier sorting mail, if Colorado is always abbreviated CO, then the mail carrier recognizes this easily and their sorting is more accurate more often. 

Below is an example of naming conventions from a Colorado Program for Organizations and Stations, the software they used had field size limitations, thus abbreviations where required, but naming conventions do not need to be abbreviations, just consistent ways of recording:

	Category


	Item
	Naming Convention

	Organization Name
	High School and Middle School
	HS and MS (no periods, case sensitive)

	
	Academy
	Acad (no periods, case sensitive)

	
	Institution
	Ins (no periods, case sensitive)

	Org Numbering
	XXX
	1 to 3 digit unique number, such as 4, 34, or 114

	Station Name
	Highway
	Hwy

	
	Bridge
	Br

	
	County Road
	CR

	Waterbody Name
	River
	R

	
	Creek
	Cr

	
	Gulch
	G

	Waterbody numbering
	XXXX
	1 to 4 digit unique number, such as 4, 34, 114, or 3245

	Results
	Fecal Coliform
	“TNC” = too numerous to count when positive result

	
	Milligram per liter
	mg/l (not capitalized)


Worksheet 11.9.a
Inventory and document naming and numbering conventions.
Complete the following table with relevant numbering and naming conventions. Determine how you will communicate and enforce these as  “standards”. Edit and modify to meet your needs.  

	Category


	Item
	Naming Convention

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


For Sheet 11.10.a 
Inventory and document your miscellaneous thorns (missing data points, detection limits, zero values, range results, narrative results such as “too numerous to count” etc.) and plan to address.
Identify the various miscellaneous thorns associated with each category of results. See the following example:
	Category


	Item
	Decision 

	Chemical
	No data
	Null value, will show up blank in the result table to indicate no data exists for this and if appropriate put comments in qualifier field

	
	Reporting below detection limit
	Choose to report 0, the detection limit value, ½ the detection limit value, or a symbol <detection limit

	
	Actual 0 values
	Record as zero

	
	Range adequate for all results
	Determine significant reporting digit (what method suggests) and make sure field can handle largest and smallest number or large enough to write description if narrative result

	
	Impossible Results
	A value for pH <0 or >14, don’t accept, review data source, if cannot find error, leave null

	
	Rounding
	If move data, or report round all results >1 and end in 5 up.  All results <1 ending in .1-.9 round down, (or do by indicator)

	
	Detection Limit really, Practical Quant limit and reporting limit
	Determine what getting for each analyte and what needs to be done, nothing, detect to PQL to RL, significant digit adjustment, rounding?

	Physical Habitat
	Percent substrate composition > or < 100%
	Check data sheet and source, if cannot rectify, null entry

	Macroinvertebrate
	Collection occurred, no bugs found
	Place  “none present” in field versus null value


Worksheet 11.10.a
Inventory and document your miscellaneous thorns (missing data points, detection limits, zero values, range results, narrative results such as “too numerous to count” etc.) and plan to address.
Identify the various miscellaneous thorns associated with each category of results. See Background and Content for more ideas. Edit to be useful.  

	Category


	Item
	Decision 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


For Sheet 11.11.a
Inventory and document relevant System User considerations. Answer the series of questions and document the results. 

See the following examples. Access implies individual can change something. This level of access can be informal, you request folks not to change or formal in that barriers are built into the software, or a combination.
Q1.
How many users do you have and what are their access level needs and functions?  

	User
	Functions
	Access Level to  what

	Volunteer
	Field data entry, retrieve all results, some meta-data
	C

	Contract Staff
	Data entry, data validation, some data analysis and reporting
	B

	Scientist from Organization
	Data entry, final validation, oversee all data analysis and reporting
	A

	Dept Of Health
	Result and meta-data retrieval
	D

	Other Data Users
	Result and meta-data retrieval
	D


A=access to all data bases 
B=can access all databases, but final chemical, physical habitat and biological tables

C= combination access to field database, can change initial (which is not the final), D access rest

D=retrieval access only, cannot change final database

Q2. 
How many simultaneous users of which part of your system do you have?

Four staff /contractors for primary data tables and for field data entry, need any number of volunteers (140) to be able to enter on webpage at same time if it happens.  
Q4.
Summarize database management needs and decisions around System User Considerations.

System needs to be able to accommodate multiple users with out loosing data integrity, and needs to have ability to tier access to maintain data integrity.
Worksheet 11.11.a
Inventory and document relevant System User considerations. 
Answer the series of questions and document the results. See Background and Content Section for further explanations. Modify questions if need to. 
Q1.
How many users do you have and what are their access level needs and functions?  

Q2. 
How many simultaneous users of which part of your system do you have?

Q3. 
If you need a tier approach, illustrate it below?

Q4.
Summarize database management needs and decisions around System User Considerations.

For Sheet 11.12.a
Inventory and document relevant Process tools and protocols. 

This will require some thought, but if you understand what you are managing (raw data) and the process it travels through to be validated and ready for retrieval, then you can think of helpful tools and processes This content often gets developed during implementation as needs arise, having a place holder in your plan will allow you to document these items.  In the future, staff turnover, etc. individuals will know why some tool or process is in place and keep it updated and/or relevant. 
The following is provided for an example:

	Tool/Process
	Purpose

	Chain of Custody
	Document no sample tampering but also to verify samples received match data sheets

	Data entry log sheet
	Tracks the field datasheets that have been electronically entered

	Data entry Box on Field datasheet 
	Tells staff field data sheet has been entered electronically and can be filed

	Validation box 1 on Field datasheet
	Tells staff field data sheet has been validated for accuracy (correct results)

	Validation box 2 on Field datasheet
	When checked tells staff field data sheet has been validated for data entry, what is on datasheet is in the electronic database

	Validation box 1 in primary result tables
	Tells staff field data sheet has been validated for accuracy (correct results) against field quality control samples

	Validation box 2 in primary result tables
	Tells staff field data sheet has been validated for accuracy (correct results) against lab quality control samples

	Final Check Form
	A summary table that documents in sample batches the “action” taken from quality control and assurance samples, each batch is 20 samples, of those 20 all passed, or 2 didn’t with spikes and were re-run, etc.

	Sample issues report for macroinvertebrate samples
	This report is reviewed annually and changes to sample protocol, sample preservation or recording are made and documented. These reports on kept on file in XYZ building.




Worksheet 11.12.a
Inventory and document relevant Process tools and protocols. Answer the series of questions and document the results. 

This will require some thought, but if you understand what you are managing (raw data) and the process it travels through to be validated and ready for retrieval, then you can think of helpful tools and processes This content often gets developed during implementation as needs arise, having a place holder in your plan will allow you to document these items.  In the future, staff turnover, etc. individuals will know why some tool or process is in place and keep it updated and/or relevant. Edit as need. 

	Tool/Process
	Purpose

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


For Sheet 11.13.a
Determine and document data safety plan for hard and electronic data, back-up and archive protocols, and data management system training and/or cross training plans, make a table of duties/process and those who will/should know them.

This will require some thought, especially if starting from scratch. Have a place holder for it. Excellent tool for staff turnover and communicating to others what doing and what need.  
	Category
	Item
	Activity

	Data or Results
	Field Data sheets
	Archived in file boxes, main office warehouse for two years, annually take “old” set, scan in and save in organization electronic file

	
	Site photos
	Scan in or take digital, most current 3 for each station, priority to photos those that follow our photo protocol, keep all of those for log, photos reside in organization file in main office

	
	Analyzed Samples
	Metals kept for two years then recycled.  Nutrients kept for one month then recycled. Macroinvertebrates kept indefinitely, check for alcohol content, in main office warehouse B

	Electronic
	Electronic files to archive annually, archive on Main database machine in specific file under C:/archive
	Field metal blank and duplicate values, unknown values, metal laboratory QA samples, nutrient laboratory QA samples, macroinvertebrate QA samples

	
	Electronic files to update annually, archive on Main database machine in specific file under C:/archive
	Organization and Contact database, Organization status, station status, training database, station database, water quality standards database, 303(d) list database, rivercode database, macroinvertebrate taxonomic list and reference collection database

	
	Primary Data base, meta-data, results, equipment inventory
	Primary database and tables, working copy located in Denver machine, Headquarters backs up server daily,  copies kept in Durango and Fort Collins updated monthly, on CD biannually

	Equipment
	Equipment Replacement
	If broken or contaminated immediate, pH probes/3 years, sample bottles/5 years, autoburets/10 years, chemicals 1-2/years

	Documents
	Operating Procedures
	Includes sample operating procedures, quality assurance and control plan, training guidance, data management plan, data-to-information plan, sample instruction manual – responsibility matrix identifying for every document/section who is responsible to annually update

	Training
	Data entry cross training
	Scientist and contractor Data Manager 1

	
	Data Validation cross training
	Scientist, contractor Data Manager 1 and  Project Manager

	
	Metals and Nutrient analyses cross training
	Scientist, lab technician, contractor lab technician and Project Manager


Worksheet 11.13.a
Determine and document data safety plan for hard and electronic data, back-up and archive protocols, and data management system training and/or cross training plans, make a table of duties/process and those who will/should know them.
This will require some thought, especially if starting from scratch. Have a place holder for it. Excellent tool for staff turnover and communicating to others what doing and what need.  Edit to serve your needs. 
	Category
	Item
	Activity

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


For Sheet 11.14.a
Develop and add Part B results to Part A, Worksheet 11.7.a, the Data Management Plan Part 1 for completion.  See provided outline, edit or develop your own for these items.
Complete what can of Part B and have place holders for what cannot and put those items in your Action Plan.

PART A What Managing (from Worksheet 11.7.a, Example Outline 2):
Data Management Plan, Part 1 Possible Outline 2 (more by media type):


Part A
III Data Source 

A Master List of what generating

1 Results (Worksheet 11.3.a)

2 Meta-Data (Worksheet 11.4.a)

3 Minimum Data Elements Summary (11.5.a)

IV Validation of Results

A Field Data (results generated in the field)

1 At  Collection by Volunteer

2 Through sample processing 

3 Data entry (different levels?)

4 Against Quality Assurance and Control Measures

5 In context with other data

6 Tools used (forms, check lists, etc. Master List)

7 Laboratory Data (results generated in a lab) 

B Laboratory Data

1 Metals 

a Transfer

b Against Quality Assurance and Control Measures

c Tools used (forms, check lists, etc. Master List)

2 Nutrients

a Transfer

b Against Quality Assurance and Control Measures

c Tools used (forms, check lists, etc. Master List)

d Macroinvertebrates

C Other Data (drawings, photos, ?)

PART B
System Support Decisions to validate and move data through ready to be “retrieved”
I Hardware
A What use and why?

II Software

A Spreadsheets, list files, update, responsibility, etc.

B Relational Database

C Web

D Other

III Database Structure and Relationships

IV Components Design to Assist

A Name and Numbering Conventions

B Miscellaneous Thorns

C User Description

D Process Tools and Procedures 

V Safety 

A Data/Results 

B Electronic Files

C Equipment

D Documents

E Training

Worksheet 11.14.a
Add Part B results to the Data Management Plan Part 1 for completion.  See provided outline, edit or develop your own for these items.

Complete what can of Part B and have place holders for what cannot and put those items in your Action Plan. Edit outline to serve your needs. 

PART B
System Support Decisions to validate and move data through ready to be “retrieved”
I Hardware

A What use and why?

II Software

A Spreadsheets, list files, update, responsibility, etc. 

B Relational Database

C Web

D Other

III Database Structure and Relationships

IV Components Design to Assist

A Name and Numbering Conventions

B Miscellaneous Thorns

C User Description

D Process Tools and Procedures 

V Safety

A Data/Results 

B Electronic Files

C Equipment

D Documents

E Training

For Sheet 11.17.a
Place Products in your Watershed Monitoring and Assessment Plan.

[image: image26.png]


Documented Data Management Plan that has:

· A list of specific results data collection/monitoring will be generating and how each aspect will be handled from recording, entry, validation, storage, retrieval and transfer

· A list of meta-data (information about the data/results, including quality assurance and control data) that you or targeted decision makers need to support decision

· Identified minimum data elements or information you or decision maker needs, requires or prefer.

· Data management process that move data through the data management system—more after Steps 12-15 in this Phase 3. 

· Database Design and relationships

· Hardware and software inventory, status and needs, including graphics, GIS and Web interface needs and plan

· Identified and documented naming and numbering conventions, miscellaneous thorns (detection limit, etc.), user considerations, process tools, safety measures, archive protocols, and training plan

Worksheet 11.17.a
Add products of Step to Monitoring and Assessment Plan.
If you completed any Steps this Worksheet is cumulative, use that document.  If you have not you complete that aspect that is highlighted for your plan documentation. *Italics mean a sub plan that might be attached or live somewhere else, location of document and contact is what would go in the plan.

I.  People Design, Phase 1
A. Shared Watershed Vision and Desired Outcomes (Step 1) 

1. Logic Model of Desired Outcomes/Results and activities/target audiences to employ to achieve outcomes

B. Keepers of the M & A Plan (Step 1)

C. Watershed Boundary (Step 2)

D. Water bodies of Interest (Step 2)

E. Scope Inventory Master List* (Step 2)

1. Physical Inventory * (Step 2)

2. People Inventory* (Step 2)

3. Information Inventory* (Step 2)

a. Existing Monitoring Efforts (Step 2)  

b. Existing Data Sources (Step 2)

4. Inventory Action Plan* (Step 2)

F.  Assessment Type(s) List – Monitoring Reason + Use (Step 3)

1.    Monitoring Question(s)  (Step 4)
2.    Targeted Decision Maker(s)  (Step 5)

a. Information Needs (Step 5)

3.   Information Blue Print – Data Pathway Fact Sheet Per Monitoring Question* (Step 6)

II.    Technical Design, Phase 2

A.   What (Indicators, Benchmarks, etc.) and why? (Step 7)

B.    When and why? (Step 8)

C.    Where and why? (Step 9)

D.    W(how) will meet data quality objectives? (Step 10)

1.    Data quality objectives (Step 5 and 10)

2.    Quality Assurance and Control Measures (Quality Assurance and Control Plan)* (Step 10)

E.   [image: image27.png]


Data Management for Raw Data (Data Management Plan Part 1)* (Step 11)
III.    Information Design, Phase 3

A. Data Summary and Analyses  (Step 12)

1.    Starting Point (Step 12)

2.    Changes (Later)

B. Data Interpretation, Conclusions, Recommendations
1. Starting Point (Step 13)

2. Changes (Later)

C. Communication and Delivery

1. Starting Point (Step 14)

2. Changes (Later)

D. Management Plans to Generate Information (Data Management Plan Part 2)* (Step 15)

IV.   Evaluation Design, Phase 4

A. Who Will Do What?  (Step 16)

1. Task Identification Matrix (Step 16)

2. Communication Structure and Tools (Step 16)

B.  Evaluation Plans (Step 17)

1. Evaluation Plans for M & A Components (Step 17)

2. Evaluation Plans for M & A Implementation (Step 17)

3. Evaluation of inter/intra M & A Activities (Step 17)

C.  Documentation and Communication (Step 18)

1. M & A Plan (this document, updated Sub documents) (Step 18)

2. Communication and Peer Review Plan (Step 18)

3. Action Plan* (Step 17)

For Sheet 11.18.a
Place your identified gaps and needs regarding this step in the Action Plan (what you need to plan to complete this step and or overall monitoring and assessment plan).

Worksheet 11.18.a 
Final Action Plan Part 1, Summary:

If you have completed each Step, or for those you have, you have a cumulated list of gaps and needs related to that Step. Use that same worksheet/document.  If you did not complete each Step, look at what each Step is supposed to accomplish and record what your gaps and needs are related to that topic.  The goals are to get the gaps and needs in one place to evaluate and prioritize.
	Phase 1 Step 1: : (completed in Step 1)

	Phase 1 Step 2: : (completed in Step 2)

	Phase 1 Step 3: : (completed in Step 3)

	Phase 1 Step 4: : (completed in Step 4)

	Phase 1 Step 5: : (completed in Step 5)

	Phase 1 Step 6: : (completed in Step 6)

	Phase 2 Step 7: : (completed in Step 7)

	Phase 2 Step 8: : (completed in Step 8)

	Phase 2 Step 9: : (completed in Step 9)

	Phase 2 Step 10: : (completed in Step 10)

	Phase 2 Step 11: Management to Generate Information (Data Management Plan Part 1):


	Phase 3 and 4 Steps:  Will add Action and Needs as complete each Step and at the end prioritize




Background and Content – Part A 

Who should be involved and why?

If you plan your data management you create the opportunity to integrate and involve more people. Managing the data, which really means the system we create to store and retrieve results, transform those results into information and deliver to our data users for our desired decision. Typically this process takes more than one person. Watershed assessment and monitoring design planners, steering committees, technical advisors all should have a vision and plan what will be done with the data in order for the data to have an end point, all before collection begins. Have the end in mind, and a defined data management path that that the data can travel on to on its journey or data pathway from planning to decision to evaluation. 

Program coordinators, trainers, volunteers and supporters, sponsors and partners may all have a role in data management. Program coordinators provide leadership for the planning and implementation processes as well as a liaison between those above and those below. Trainers need to emphasize data management is as important as sample collection and sample analyses to answering our monitoring questions. They teach the first phases of validation and data recording. Samplers, volunteer or otherwise need to know why there neat field notes and data recording are important to the monitoring design. 

Overview

Data management begins when a data point or value is created, its inception, when something is measured or evaluated. Monitoring and sample analyses generates results. For the Data Management Part 1 Plan, we are focused on planning to manage all the data, results and information we know we will be generating. This includes meta-data, data about the data, quality assurance and control data, methods and procedures and monitoring objectives. 

Thus, Part 1 of the Data Management Plan starts from the point of data inception through the necessary steps and processes to prepare it for transformation to information and associated processes. Part A of Plan 1 is to inventory what exactly we need to manage and identify how it needs to be integrated. This includes answering the following questions:

· What data we are generating, field and laboratory inventory. What variables in all media? 

· What format (numeric, narrative, units)? How each data are generated (field, laboratory, etc.) and recorded?

· Identify ancillary, meta-data or information about the data that is relevant, such as station location, station identifier, sample event identifier, sample frequency, sample and analytical methods, detection and reporting limit, field and lab QAQC, responsible personnel, etc. that need to travel with that variable?

· Identify the minimum data elements (results and meta-data) that you and your decision maker require and or prefer

· Identify the data management processes for each variable/result, identify and illustrate:

· How validated

· How entered electronically and enter validated

· How stored and retrieved

Part B of Plan one then is to determine the data management system support elements necessary to allow for consistent, reliable and comparable data management and transformation into information. This includes making decisions about:

· Database Design and relationships

· Hardware

· Software

· databases or spreadsheets

· graphics

· statistics

· mapping and GIS

· Internet and World Wide Web

· Safety Archiving and backing up

· User Considerations (access, retrieval, multiple users, multiple authority) 

· Process tools (forms, logbooks, etc.) that assure and control system

· Naming Conventions

· Data Thorns

· Documentation and Training 

Inventory Data You Will Generate or Gather

Let’s start by determine what data you need to manage are generating or perhaps using from another source and need to manage it as well. Data from another sources should be reviewed for purpose, methods, quality and adequacy, see Step 2 Resource Guide for a quality check list. If data from another source is already in an electronic format, it might be that some of your data management needs are already decided and met, you can evaluate. If it too is raw data, treat it the same as your raw data. 

Raw data is produced by measuring your chosen parameters with the methods, frequency and locations you established in Phase 2, or that others have gathered. This includes numbers generated in the field, in the lab, subjective and narrative data, ratings, descriptions and photos. It includes data for all sample types and sample media. For each indicator you have selected chemical, physical, biological or human, review the type of data that will be generated, including:

· Type of data, numbers, calculated numbers, descriptions, ratings, ranges, drawings, photos, etc.?

· Field or laboratory generated

· Frequency and duration of data generation

· Associated quality assurance and control, field or lab

· Additional indicators to assist with analyses, interpretation and conclusions, for example with dissolved oxygen, if we have temperature and elevation we can determine percent saturation from a milligram per liter concentration

· Information the method requires, such as meter calibration results?

	Indicator
	Typical Result
	Unit

 /Other
	N or 
 C
	How Rec
	Where Rec
	Validated?
	Final Resting Place

	Temp
	XX.Y
	Degree

Celsius
	N
	Hand
	Field DS
	Y
	Access Chem Table

	DO concentration
	XX.Y
	Mg/L
	N
	Hand
	Field DS
	Y
	Access Chem Table

	DO Sat
	XXX
	%
	N
	Hand
	Field DS
	Y
	Access Chem Table

	Zinc Diss
	XXX.Y
	Ug/L
	N
	Elec
	Access DB
	Y
	Access Chem Table


Where and how is each indicator recorded?

You want to make sure that every piece of data generated is “captured” or recorded and labeled appropriately. Standardizing field data sheets is a good idea for long term record keeping. This includes designing logical, user friendly but comprehensive field data sheets. In addition to recording measured values, the field data sheet might include or incorporate instructions, illustrations and examples of calculation, units, and calibration values, detection limits, precision/accuracy ranges if appropriate. The field data sheet could also include information on everything that was collected or analyzed from this same event, even if not all completed in the field. The field datasheet may need to provide a place for field quality assurance and control results or samples. It also might have spaces for meta-data such as site name, exact location, time, date, sampler’s name(s), contact number, weather conditions, comment on a problem or concern with the testing and/or observations, name and model of equipment. 

For each indicator, variable or item from above and list how and where it is recorded, in the field or lab, by hand or electronic and how is it tracked or identified, where it is entered/stored if not auto-generated and if lab data how transferred to you? For example:


Identify what ancillary or meta-data you generate or need

Identify ancillary, meta-data or information about the data that is relevant and will help a data user, decision maker or us tell our data story. We call data-about-the-data, meta-data. Types of meta-data to possibly include:

· Contact information

· Data Purposes

· Data Users

· Monitoring Objectives

· Location information

· Time of sample

· Notes during sampling

· Photographs, maps, drawings

· Station, sample event, organization, project identifiers

· Sample Collection methods

· Sample Analysis methods

· Detection and reporting limits

· Data quality objectives (if you have them)

· Field and Laboratory Quality assurance and control information

· Responsible personnel

	Meta-data Item


	Source
	How Manage, Where live and relationship to results

	Indicator units
	Sample Design
	With result, live in chemical table, necessary to describe result

	Indicator narratives
	Sample Design
	Such as substrate composition, condition of riparian habitat, treat as ‘results’ and keep in respective tables

	Field Methods
	Sample Operating Procedures Manual, State Health Dept SOP
	Update when method is changed, keep in table with list of methods, EPA test ID number, can request in one of our meta data reports

	Lab Methods
	Sample Operating Procedures Manual, State Health Dept SOP
	Update when method is changed, keep in table with list of methods, EPA test ID number, can request in one of our meta data reports

	Station location information
	Staff generate
	Must have this info to process sample, have an access table with descriptor fields, standardize entry, can search results by station request


Laboratory Data

For laboratories in your control, develop standard documentation to record all data generated with each laboratory analyses, including quality assurance and control results and corrective actions taken when quality objectives were exceeded and how they report various data types (below detection limit, zero’s, ranges, narrative results such as too numerous to count, etc.). Standardize the manner in which this information is recorded and reported to the appropriate data users.

For laboratories not in your control, ask how they document laboratory procedures. It is assumed at this point you know what detection limits, accuracy and precision you need to meet your data users data quality objectives. Know that your laboratory will meet those needs and how. Ask for to see examples of each analyses data quality objectives, qaqc measures, corrective actions and the like. Know what documentation they need when the sample is delivered, and know how they will deliver results to you (format, when, what other information will be included, etc.).

Regarding electronic transfer of data, you may need to document the transfer with a data receipt or equivalent. This might be necessary to document the delivery of the data for a contract, for your board or simply for the record as documentation of “data delivery” to that data user. 

	Lab


	Analytes
	Data generate

	1
	Al, Cd, Cu, Fe and Zn
	Results, field blank and duplicate results, summary of lab blanks, spikes, duplicates, standards performance per batch

	2
	Total Suspended Solids
	Results, nothing else, need to ask

	3
	Ammonia, Total Phosphorus
	Results, summary of lab blanks, spikes, duplicates, standards performance per batch

	4
	Macroinvertebrate
	Taxa list, sample condition report, taxa list updated, reference collection


Identify Minimum Data Elements

Assume you have a data set in front of you that you would like to use. Read the each item in quotes below and think about what your reaction would be and ability to use the data in the quote, if all you were provided is what is in the quote each time:

a. “It was 105.5 ”

b. “Zinc was 105.5 mg/l”

c. “Zinc was 105.5 mg/l, at Johnston Gauge last Wednesday at 10 am”

d. “Zinc was 105.5 mg/l, at Johnston Gauge last Wednesday at 10 am, collected by Samples, Inc. using the health department protocol for collection”

e. “Dissolved Zinc was 105.5 mg/l, at Johnston Gauge last Wednesday at 10 am, collected by Samples, Inc. using the health department protocol for collection, analyzed by atomic absorption EPA method 54.2”

f. “Dissolved Zinc was 105.5 mg/l, at Johnston Gauge, October 23, 2003, at 10 am, from the water column, filtered with a 0.45 micron filter, preserved with nitric acid to pH,2.0, collected by Samples, Inc. using the health department protocol for collection, analyzed by atomic absorption EPA method 54.2, a field blank was also collected”

g. “Dissolved Zinc was 105.5 mg/l, at Johnston Gauge, lat/long 564.9806/-104.38499, October 23, 2003, at 10 am, from the water column, filtered with a 0.45 micron filter, preserved with nitric acid to pH,2.0, collected by Samples, Inc. using the health department protocol for collection, analyzed by atomic absorption EPA method 54.2 with a detection limit of 10 mg/l, a field blank was also collected, a flow was calculated, pH and alkalinity were also collected and analyzed, data is stored at Metro, data was collected for the Cities storm water BMP-1 testing project, contact name is Data B. Jock, 555.678.9012”

Obviously the more information provided the more you know about the result, how it was collected, how analyzed, who collected it, where it lives, what else was done, etc. The more you know about the data the more you can determine if the purpose and quality is sufficient for your use. 

This is what we mean by increasing the usability of our date with minimum data elements. The purpose behind a minimum data list is that if everyone collected and or provided a minimum set of information in addition to actual data results, data would be more functional and usable across the board, across multiple users and data purposes, if appropriate of course.

Minimum data elements answer the question, what is the minimum meta-data you need to provide for people who come across your data to understand what you did, where, when, how and why? Minimum data elements are the minimum indicators, variables and meta-data that we, our organization and/or our decision maker require, prefer or desire. If you completed the Information Blueprint, Step 6 or Step5 identifying the information needs of your decision maker, this is an easy step. It is difficult if your decision maker has not or cannot identify these. Then you need to conduct research, ask credible individuals and make the best possible decision for the plan at this time. 
This is important to identify and document in order for others to be able to reproduce your work, compare their work to yours, and or not duplicate unnecessarily. It also provides credibility to what you are doing and not doing, minimizes data misuse or misrepresentation. By developing and committing to a minimum data requirement list , you are stating that, “these meta-data elements (list) are required to accompany the data in some form, through analyses, interpretation, conclusion and reporting as necessary, to maintain monitoring design integrity”. 

EXAMPLE

The National Water Quality Monitoring Council developed a recommended minimum data list, please see Step 11 Resource Guide. The EPA STOrage and RETrival (STORET) data base has a less rigorous minimum data elements. The Colorado Water Quality Monitoring Council modified the National Water Quality Monitoring Councils minimum data element list for Colorado. 

Also see the Basic Task Worksheet Example

Many of your states have minimum data requirements for 303(d) listing and delisting or data used in triennial review to modify criteria, designated uses or stream classifications. This type of minimum data requirements may include items such as:

· data must be no older than five years

· must exceed 3 out of 5 variables (such as temperature, pH, cadmium, nitrate and selenium for example, if 3 of these 5 criteria are exceeded then…)

· data must be collected by a certified technician

· data must be received by…

If your targeted decision maker has minimum data requirements you need to know what they are so that your data can be used by the decision maker. If your decision maker does not have minimum data requirements, you can customize the concept of minimum data elements for your work. You might want to address all the topic areas with the depth and breadth that is appropriate, contact information, results, reason for sampling, date and time, location information, sample collection information and sample analyses information. The concept is valid for organizing data that 100 years from now, someone could utilize because all the data about the data (meta data) is included with the results. 

Identify and determine your starting point regarding minimum data elements. 

Identify the data management process to move data

The concept is to identify how data is moving from one step to the other, what goes, what stays, how does it travel, who makes it travel, etc. You can discover overlap and identify efficiencies, missing links, etc. What tools, electronic and non-electronic are used to move data through initiation to storage, for validation, evaluation, etc.?

We will look at and diagram how each indicator and meta-data will travel through these processes, look for overlap, efficiencies and needs. You look for Include current tools that are employed to help data move through these processes. 

The first item in the process you already identified, how is the result generated or recorded and where. Next is validation.  
See Figure for an example from a Program in Colorado that uses citizens, students and teachers to collect data in conjunction with staff. They collect water chemistry, macroinvertebrates and physical habitat data.  The volunteers do field tests and send samples to a lab.  Refer to the key bottom right for the symbolization.  The donut holes show where the data will be retrieved and “end” up in the data-to-information process.  After the donut is the multi-page icon, indicating the data-to-information processes that lie ahead.   Data tables are the clipped cornered box, the round oval shape are unique identifiers that connect one table to the tables below it, such as kit_number uniquely identifies every organization.  The double pane, clipped icon illustrate data entry type pages that show where each piece of data is “entered” into the system.  Sample Tracking, for example, is a table that every sample processed is first entered into the system. 

This example illustrates how meta-data, such as school, station, trainees and sample id, date and time are all related and their hierarchy.  In this system you can’t have a station unless it is associated with an organization.

In this example there is only one program generating the data through the use of many organizations, but the data generated is the same.  Another example might be multiple data sources, formats, and methods and that means different transfer, validation and conversion processes, but it could be diagramed. Your program maybe very simple, but it is still valuable to document and illustrate how the data is managed. 
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Data entry
Whether you, your staff or a laboratory is entering data into an electronic data base, you want a plan to make sure it is entered frequently (reduce time between generation and discovered issues), accurately (what is on the data sheet is what is actually entered) and you have processes to track its entry and validation. 

If you plan to manage your data before you start collecting it, you decrease your probability for falling into the “oh my goodness, I have mounds of data to enter, it will never get done” trap. Whenever possible, data entry should occur as close as possible to the time the data was generated. If possible make data enter an actual task, or part of the sample collection event, even if only some of the data can be entered. The less time between collection, entry and validation of that entry the larger the chance to accurately resolve the error.

Human error is one source of error we are responsible for minimizing in order to increase the quality of our results and information. Any human entered data needs to be checked and validated for entry errors. This is different than validating data for accuracy and precision. It is simple checking to see if the number on paper matches the number entered electronically. Always keep a hard copy of the data or originals, if you loose the electronic you have the hard, but you need the hard copy to validate the data entry. 

Employ the use of templates. Templates can help with data entry standardization and with data manipulations. The theory behind templates is that they are “blank” electronic forms. You call them up, like pulling a blank form from the file cabinet, fill it out, do your calculating or graphing move the graphs or calculations to a third. The template is never saved with the data in it. It may not be possible for one software to handle all your needs efficiently. Perhaps, a template stores the data, you import to another to do calculations and/or graphing and a third for reporting. This may be helpful if your calculation template requires a lot of disk space before data is even imported to it. 

EXAMPLE
How are results validated and when?

For each indicator, variable or item from above and list how it is the result itself validated for precision and accuracy and if it is entered for accuracy? For example:

EXAMPLE
There is no right or wrong way to conduct validation. No validation is unacceptable, even for the most rigorous program. Validation starts with where the result is generated, in the field or lab, by the technician asking, ‘is this result seem reasonable?”, and if not exploring reasons why. You will identify numerous validation steps along the data management process to ensure data integrity when the result is delivered to the decision maker as a story. Some of those process points include: 

· at generation

· between each and every transfer (field to laboratory, laboratory to storage, field to storage, storage to data manipulation, etc.), watching for translation errors, unit consistency, rounding and replacement errors. Sometime this involves sample transfer and sometimes it is just the data, see RESOURCE. 

· format changes or result transfer from one format/location to another, data entry from hard form to electronic

· evaluate result against relevant quality control and assurance data

· if combining data sets

· edits of database and tables

EXAMPLE
How stored and retrieved

You want to consider where the storage of the data will be, ready for the transformation to information. Typically, once data is validated and ready, it is stored some where and taken from that storage to another place for manipulation, graphing, analyses, interpretation and reporting. This helps ensure that those data processes will not alter the original data base or its integrity. Where is the final resting place for each result and meta-data item? Add this to your table. 

How will what individuals obtain access and retrieve the data for various purposes. This should be planned so that the tools employed will serve the primary users. Developing tiered access approaches are common. An example might be the data manager has access to all data and change anything. Project managers have access to all data and meta-data , Public, etc…
Background and Content – Part B 

Part B of Plan one then is to determine the data management system support elements necessary to allow for consistent, reliable and comparable data management and transformation into information. This includes making decisions about:

· Database Design and relationships

· Hardware

· Software

· Relational databases or spreadsheets

· Data-to-information needs (Phase 3, Step 17) such as graphics, statistics, mapping and GIS, Internet and World Wide Web

· Naming Conventions

· Data Thorns

· User Considerations (access, retrieval, multiple users, multiple authority) 

· Process tools (forms, logbooks, etc.) that assure and control system

· Safety, Archiving, Backing up and Cross Training

Database design and relationship considerations 

What are we talking about when we say database design? Database design provides direction for managing data just as a construction blueprint provides the foundation and direction for building a structure. A blueprint illustrates what will be built, with what material and to what dimensions for a builder to follow, how the pieces will fit together in steps/processes to make a building. Inherently the blue print illustrates the relationship and timing between structural and material components such as the foundation, the walls, the ceiling, plumbing, electricity and finish work. 

Similarly, a database design illustrates how an individual data point is handled from generation to endpoint (all processes and steps in between) for information ready for decision maker to make decision. The construction blue print is the foundation for the tools and processes selected to build the structure. Similarly the database design is the foundation to identify the tools, such as hardware and software, and processes to support moving a data result through the system. Data base design identifies the relationship and timing between the plan, tools and processes. 

	Building blueprint (what, how and relationships)
	database design

	Material used to build
	data/results generated

	Tools used to build
	hardware, software, support processes

	Project manager, contractors
	Project Manager, database manager, folks analyzing, etc.

	Owner of structure
	Decision makers


An example of an identify relationship hierarchy could be: 

1. Project / Meta-data (Id # if multiple)

1.1 Organization / Meta-data (Id # if multiple, can you have >1 organization / project?)

1.2 Individual with organization / Meta-data (Id # if multiple, can you have >1 individual / organization?)

1.1.1 Station location / Meta-data (Id # if multiple, can you have >1 station / organization?)

1.1.1.1 Sample Event identifier (identifier for sampling event, regardless of what was collected/analyzed that event)

1.1.1.1.1 Chemical results per station

Field

Lab

QA/QC

Meta

1.1.1.1.2 Physical habitat results per station

Field

Lab

QA/QC

Meta

1.1.1.1.3 Biological results per station

Field

Lab

QA/QC

Meta

In this example, the data is organized by project, then organization, then by individuals, then by station, then by results. One project can have many organizations. Organization can have many individuals. Combination of organization / individuals can have many stations. Any one station can have many sampling events and each sampling event can have many types of results. This illustrates the one-to-one and one-to-many relationships of the database design and what type of data integrity you need to maintain. This example says, “for every result, a sampling event, a station, organization/individual contact and project id must be identified”. In this example, the defined relationships and data integrity states that without the meta-data described above, a particular data point or result has no meaning, and thus cannot be “entered” and “moved” through the data management system.  
Viewed as a flow Chart, this illustrates the hierarchy and one-to-many relationships. For example, one project can have many organizations, one organization can have many contacts and stations, and each station can have chemical, physical and biological results associated with it. 

[image: image29]
The identification of what data we are managing, how it is related to each other (primarily how results are related to meta-data and QA/QC data) and for what functions provides the basis for choosing tools (hardware, software and support decisions) designing tables and the fields that should be in those tables, queries or searches on the data for analyses, interpretation and reporting. 

Identifying these relationships allows for effective data management design, building of the database system, identifying the most appropriate hardware and software, individual table structures, individual fields and their relationships, and finally the connecting process to move data from storage to retrieval for such functions as analyses, interpretation and reporting. Hopefully, it is clear why knowing what information our decision makers need, variables, data and results and meta-data, is important for effective database design. What information must I manage in addition to results, along with results, to produce a meaningful product or information for my decision makers and how will I do that?

How do I define data base relationships?

There is no one way to do this or right / wrong way. Provided below are some possible questions to considered. 

A. From the list of all types of data you are generating in Part A of this Step, try and diagram logical relationships. One way is to start with each variable and work up the chain of possible necessary information. For each dissolved oxygen mg/l result, what other information do you need to make a decision? Do you need dissolved oxygen saturation? Do you need temperature (because dissolved oxygen concentration is a function of in stream temperature)? Do you need to know when it was collected, how, by whom? Do you need to know where and how much detail about where? Do you need to know the information about the collector and/or laboratory? Do you need to identify this result with a grant, funder or project? Thus, the check list might be per variable:

· Variable and associated results (what)

· When

· Where

· How

· Who collected and analyzed

· Data quality objectives, QA/QC results or summary

· Why, monitoring objective or associated decision maker, administrative function id, grant, funder, project id?

B. If possible the next list to generate is the possible functions you need to perform for:

· Entry and transfer (how get data into system from field data sheets, laboratory, etc.)

· Storage 

· Retrieval (for other processes)

· Analyses starting point (review, summary statistics, graphics, statistical analyses, modeling, etc.)

· Interpretation, conclusions and recommendations starting point (benchmarks, criteria, processes for formulation, etc.)

· Reporting starting point (tables, graphs, text, pictures, maps, etc.)

· Evaluation (of database management system, monitoring objective answered, of monitoring design, assessment type goals met, outcome achieved, progress toward watershed vision) 

If you completed Phase 1 and 2, you have a first cut at this from identifying decision makers information needs. If that was not possible, you conducted research, asked experts and peers, employ information from other process and the like and made a decision on a starting point for these listed items. 

C. From a relationship diagram of what generating and what functions will be needed, determine the tools and process necessary to design a data management system. Tools include hardware, software and data base support decisions. If you do not have the expertise, willingness or resource to design your database, this is the type of information someone else will need to complete the task for you. 

D. Determine unique identification for items that apply to you, project, organization, individuals, sites and sampling event. Regardless of what tools you employ (hardware / software) this provides an opportunity to integrate data integrity and for database system evolution. Many relational database software can provide the simplest form of a unique identification per item by assigning the particular record the next available record number. 

· Project Id (#, standardized name, code combination)

· Organization Id (#, standardize name or abbreviation, code combination)

· Station or Site Id
For example, if you have 5 monitoring projects, each with 10 stations. One possible coding scheme might be identifying each project with A-E and each station 1-10, so B3 is station 3 from project B. The computer, however, if asked to sort all this data will place A10 before A2, because it considers each digit individually. You could remedy this by changing numbers to A01, A02, etc. as long as the database is small. Reach > 99 or Z projects and ?. There are thousands of methods, at a minimum have one and document it, you can evolve easier with some system versus no system. 
Numbering sites from down stream to upstream is common but might not be as flexible to add or subtract locations. Including miles from mouth or source is common, but decreases querying flexibility. The more you break you data into discrete units allows you to query it in the greatest possible detail. 
· Sample event or sample trip identifier. A unique way to identify samples that were collected at that location and time. Examples range from the next available record number, to a number barcode to a code that does mean something such as a combination of station id + date + time of sample. This event identifier provides the ability to subset the data into smaller, simpler data sets or tables because you can later re-combine the data, in variety of ways, because each event has a unique identifier.
For example, say I collected dissolved oxygen, bug sample and a pebble count at the same time. The dissolved oxygen data lives in its own table or spreadsheet. The bug data lives in its own table or spreadsheet and so does the pebble count data. But, they all have the same sample event identifier. Thus, when I go to search and build a report for example, I can call up that sample event identifier and retrieve all the data from multiple tables or spreadsheets. 

At a minimum be able to list what you are generating. The next minimum is to identify the starting point for the functions you need system to perform on the data. Ask for help to define relationships if need too. It is okay to not know everything. It is okay to ask for help. It is okay to identify a degree of confidence around what you decide. If your decision maker has this all determined, the degree of confidence might be high. If your decision maker does not, your degree of confidence may not be as high. What is not okay is to not decide, not identify the components and relationships. Degrees of confidence get strengthened by individuals who are willing to risk trying new things with low confidence and through evaluation increase that confidence for the next effort. Remember, everything started from scratch at some point. The nature of this work is not black and white, it is trial and error – learn and try again. 

Sketch out a database design as best you can, that includes every data/result and meta-data generated, the relationship to each other and the processes to move the data through the system to generate information. Even if you don’t know the answers, leave a box as a place holder. 

E. Tips
· Once you have chosen a software understand its requirements, such as naming fields (eight letter limit). Design each field as appropriately, proper name, proper width, format (character, numeric, date, logical, etc.), decimal, indexed, etc. 

· Maintain field names and field types across tables

· Make field names as explicit has possible, for example “phosphorus” as a field name, is it total phosphorus, ortho phosphate, phosphate, units? 

· If using a relational database, use information that is not actual data or meta-data to provide the relationship link, like a next generated number 

· Standardize naming, spelling and abbreviation schemes for locations, samples, personnel, codes, units, etc. Document standardization.

· Détermine unique site identifier. Détermine unique sample event identifier. 

Hardware

Again, no easy one size fits all, right or wrong answer in selecting hardware. Regardless of what hardware you have, you can assess it against what your hardware need is today and for tomorrow. You can incorporate working toward what you need if you can identify those needs today. In all likelihood, your hardware and software choices need to support organization functions as well as database management functions. 

The task here then is to assess your current and future hardware needs to support your data management system, so that it will transform data points into information for the desired decision and decision maker. So, whether you are starting from scratch or dealing with what you have based on a completed database management needs assessment (Part B above and a database design). Identify the best hardware. Take your list of what generating, relationships and diagram to experts, peers, friends and others doing the same work to find out what they use or can recommend. System components might include:

· Computer Processor Unit (CPU) storage capacity (hard drive) and active memory capacity

· CPU additional disc capacity type (floppy, CD, readable, writable data, DVD readable, writable data, internal, external)

· Modem, external/internal

· Internet access

· Server access

· Monitor

· Accessories (keyboard, mouse, printer, scanner, speakers, surge protectors, chords, etc.)

Software

Again, no easy one size fits all, right or wrong answer in selecting software. Again, what should drive the decision is what needs and functions you have. Regardless of what software you have, you can assess it against what your software need today and for tomorrow. You can incorporate working toward what you need if you can identify those needs today. In all likelihood, your software choices need to support organization functions as well as database management functions. 


Spreadsheet or Relational Database or both?

At some point in this process of implementing an monitoring and watershed assessment program, this question will arise, perhaps within weeks or years. Both spreadsheets and relational databases are valuable. Both have pro’s and con’s. If you have an understanding of your data management system needs, then you can make the best choice today and plan for the future. The primary difference between these two database managers is how they are structured to store, manipulate and retrieve the data and then how you interface with those functions. 

Spreadsheets are structured around tables that you interact with directly. The data resembles a table you are used to seeing in reports and text. The data are organized in numbered rows and lettered columns. Where a row and column intersect is called a cell. Each cell has a unique address. For example, the cell address where column D and row 3 intersect is “D3.” You arrange your data within these tables however you wish. You can sort, re-arrange, search, and perform calculations on the rows and columns of data or on selected cells. 

EXAMPLE

	WATERSH
	RIVER_CD
	RIVER
	KIT_NUM
	SCHOOL
	STA_NUM
	SAMPLE_NUM
	STATION
	DATE
	TIME

	CO
	21662
	Rifle Cr
	220
	Rifle MS
	548
	548.001
	RMS
	11/16/1995
	1710

	CO
	21662
	Rifle Cr
	220
	Rifle MS
	548
	548.002
	RMS
	11/30/1995
	1600

	CO
	21662
	Rifle Cr
	220
	Rifle MS
	548
	548.003
	RMS
	2/13/1996
	1615

	CO
	21662
	Rifle Cr
	220
	Rifle MS
	548
	548.004
	RMS
	4/8/1996
	1630

	CO
	21662
	Rifle Cr
	220
	Rifle MS
	548
	548.005
	RMS
	5/5/1996
	1415

	CO
	21662
	Rifle Cr
	220
	Rifle MS
	548
	548.006
	RMS
	5/13/1996
	1600

	CO
	21662
	Rifle Cr
	220
	Rifle MS
	548
	548.007
	RMS
	5/17/1996
	1615

	CO
	21662
	Rifle Cr
	220
	Rifle MS
	548
	548.008
	RMS
	5/20/1996
	1600

	CO
	21662
	Rifle Cr
	220
	Rifle MS
	548
	548.009
	RMS
	5/28/1996
	1330


Spreadsheets easily perform calculations, statistics, and graphical analyses. They also allow you to see all your data arrayed in tables, which you manually construct. Many spreadsheets now offer filtering and querying capabilities similar to databases. A spreadsheet template can be used and the form automated to perform calculations, statistics or graphing for repetitive situations such as multiple sites monitored or multiple dates. Most current spreadsheet software has a workbook (or 3-D) format where you can copy the format of the first “worksheet" in a stack and use each successive worksheet for a different date, or site or year depending on the number of sites monitored and samples or measurements taken. Common spreadsheet programs in use include Excel (Microsoft), Lotus 123 (IBM) and Quattro Pro (Word Perfect).

In the analogy that our data points and results are a variety of nuts and bolts that need organizing in order to find timely and build something, what we need is a slick organizer that has 100 little drawers with labels. Those drawers and labels would be organized logically, by size, type across and down. For example across might be size variations (large to small) and down might be type (for wood, metal and plastic). If you still need to open 10 drawers per request, maybe further refinement is needed, size might be divided into length, width and thread. The more the organizer is organized for you to find a piece when asked, the more effectively you will provide the piece-or information to your data users. 

Spreadsheets might be akin to the slick 100 drawer organizers in that they can provide a variety of mathematical and statistical manipulations, easy graphing, easy to create tables and reporting formats. Spreadsheets are user friendly and simple to use for some cumbersome data manipulations. You can also build in data integrity mechanisms and data query or search abilities to some degree. Most spreadsheets have graphing functions as well. 

Spreadsheets can be cumbersome for very large data sets and some database functions and relative to relational database software. Relational databases are more robust in their ability to incorporate data integrity, design queries and build reporting formats. For example, if you have multiple databases users (for input and outputs) you might run into duplication issues. If someone enters field data and meta-data and someone else enters nutrient lab data while a third enters fecal data, how will they all enter the site number, field collectors name, etc.? Relational database can provide a design where meta-data is entered once and available to multiple users for their use, reducing the need for duplicate information and the possibility of creating duplicate entries, thus increasing data integrity.

Relational Databases are structured around tables that you can interact with directly and indirectly. You can build a table and deal directly with it as you would a spreadsheet. You also can build a table and use it and never see it, because you interact with it through developed entry or reporting screens that employ several tables at one time. 

The tables are much like spreadsheets, instead of organizing the data in to rows and columns, the structure is organized into records (row equivalent) and fields (column equivalent). For example, for the data in a phone book, an individual listing would be a record, alphabetically listed. The columns of Last name, first name, address and phone number would be fields. If you enter and retrieve data directly from this table, it behaves similar to the basic entry and retrieval of a spreadsheet. If this is all you need to do, the spreadsheet is probably a more user friendly intuitive tool. 

Relational databases are a step up from that slick 100 drawer organizer. We might equate this to what an auto parts store or library can do versus that 100 drawer organizer. You walk into an auto parts supply store and need a specific part for your car model, make and year. They have these great reference books that help them find the right part. All these parts have unique identifiers, part numbers that help manufacturers, delivery folks and sales folks track the parts. Reference books are organized by part type, part number, model type or year, or a number of different ways so that when you come in with a part number, they can find it. Whether you come in with a part number, part description, car-type, or other, they can find it. Just like a librarian or bookstore can look up books by title, by author, by ISBN number. In essence they have created all these “relational” databases, reference manuals, and tables that allow them to look up or query for what they want from a variety of starting points. 

Imagine if you will, this type of information, all the information in those auto parts reference books were stored only in a spreadsheet format, where everything about gas cap # 456CAP-45968dts, size 3 was listed to the right of that part, as a spread sheet would do. It would be an inefficient and ineffective way to store the information for the manufacturer to store for the warehouse, the warehouse for the store, the store for its salesman and the salesman to retrieve for the customer. 

The power of a relational database tool is that you can develop user specific screens for specific functions, including entry, validation, sub setting data, analyses and reporting. Relational databases can do this if you provide the relationships between all the data in the tables. Based upon these defined relationships, the screens you see employ many tables at one time. For example, I might the following multiple tables:

1. Project Table, each record or row is a project, and each column or field has information about that project like a unique identification number, name of project, start date, end date and a description.

2. Organization Table, each record or row is an organization, and each column or field has information about that organization, like unique identification number, name of organization, mailing address, phone, fax and websites.

3. Participant Table, each record or row is an organization, and each column or field has information about that organization, like unique identification number, name of organization, mailing address, phone, fax and websites.

4. Station Table

5. Sample Event Table

6. Chemical Results Table

For data entry I want to create a screen that for a specific project and organization, they can enter their chemical and biological data. I also want to create a report for this specific project and organization results. The screen a data entry user would see would employ all the tables I have listed above. The screen the report generator would see would employ all the tables I have listed above. 

EXAMPLE
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In this example RWSTORET is the station table, the fields are listed underneath, the next table underneath RWSTORET is 1 Header, it is meta-data about the macroinvertebrate sampling that will apply to all samples, below that are tables that hold results for 3 Substrate, 4 Physical Habitat, 5a Benthic sample meta-data, 5a taxonomic data.  One station and sample meta-data can have many results for tables 3,4 5a-5b.  The field names are listed below each table name. I could not enter a species in table 5b unless it is associated with a station in the RWSTORET table. 
Thus relational databases allow you to store data into many, many logical tables or subsets of data, so that you can easily re-connect the tables for a variety of functions, such as entry, validation, searches, analyses and reporting. Each table has a “key” field that is unique and “connects” it to the table above it in the defined relationship hierarchy.

Spreadsheets do not have the ability to define relationships and thus for each table you need to “bring” along necessary meta-data for each function. For relational databases the focus is spent on defining relationships between the data tables and developing the function screens. The piece-mealing of data is indirect, behind the scenes. In spreadsheet databases, the focus is on making sure each table as all the information and it travels through all the functions, in a more direct piece-meal manner. 

Relational databases allow for integration of more sophisticated data integrity mechanisms. For example, a data entry screen, will make sure that as you enter the data follow the database hierarchy of relationships defined. For example, if you stated that a dissolved oxygen concentration must have an identified sample event id, station id, organization id and project id, the data form will not allow you to enter a dissolved oxygen concentration without that information. In addition, data entry screens also can automatically check that the correct type (numerical versus text) or range of data (such as pH must be greater than 0 and less than 14) is entered.

A powerful tool that relational databases provide is the ability to search on specific criteria, sometimes called a query. You can design screens that will conduct a search or query, where the user is selecting the query criteria from a user friendly screen and the query is conducted behind the screen using multiple tables. This allows you to easily subset data to either analyze in the relational database or import to a spreadsheet for graphing, to make a table or analyses, to GIS for mapping or analyses, to a report to make a table, etc. For example a typical query might be “give me all the data for station X from 1994-1999”. In a spreadsheet you could complete that query, but it would be by direct manipulation of searching, cutting and pasting most likely. 

Relational databases allow for the creation of unique reports as well. Again this is because the software can re-combine the many tables behind the user friendly report screen, based upon the relationships you defined of the data. 

There may be a special screen set up to enable you to select among a variety of search (sometimes called query) options. You can then set up report forms to organize the data you retrieve into a summary table. It requires substantial time to set up the database, design screens, and set up report formats. However, once this is done, it is very easy to enter, store, retrieve, and report the data.

Both spreadsheets and relational databases can conduct analyses. Relational databases can also turn the organization of row/column or record/field on its side and “normalize” the data. This normalize format is not user friendly at all in that the data is no longer in a logical table format, but turned on its side. Take the phone book example, un-normalized, row/column or record/field:

	Identifier
	Address 
	Phone

	Smith, John
	123 Blue Street
	970/234-4567

	Smith, Suzi
	789 Fox Lane
	456/968-5868


This same information normalized would look like: 

This is not a user friendly format. However, it is electronically the most efficient way to store many small tables or subset of logical information, connected by identified relationships. Powerful and robust relational databases such as Oracle, is what EPA’s STORET is designed and built in, precisely because it can store very large amounts of data efficiently for retrieval. Relational database software "Off the shelf" include Access (Microsoft), Approach (Lotus), Filemaker (Claris), Paradox, Rbase and Dbase (not actively supported or available anymore). 

A Relational Database Example

For example, let’s say you have information on four station locations, who collected data and all the methods used. You record date, time, weather and comments for every event. And you collect and analyze for dissolved oxygen, temperature, 12 heavy metals, pH, and fecal coli form. 

The data is generated in variety of forms. Station location information and sample/analyses methods are generated by program manager. Time, date, weather and comments are generated on paper by field sampler. Dissolved oxygen is generated by titration, recorded on hard datasheet. Temperature, measured by thermometer recorded on field data sheet. PH value is generated by a calibrated pH meter, calibration and pH values recorded on a field data sheet. Metal and fecal samples are collected, sent to a lab. Metals lab gives you an excel spreadsheet table of results that only have site location number and sample date. Fecal lab gives you a hard copy/report of the results. 

You can visualize entering, cutting and pasting all the above generated data into a spread sheet. That might look like:

	Location
	date
	time
	who collected
	PH method
	pH value 
	etc.

	Station 1
	12/11/08
	
	
	
	
	

	Station 2
	1/04/03
	
	
	
	
	

	…
	
	
	
	
	
	


Or something equivalent that displays one station at time and all the associated results for that station on that date. Now imagine you have 10 years worth of data on these four stations, these variables only, except in year 7 you added nitrate to your list. 

Now, data user 1 only wants meta data and fecal reported, monthly. Data user 3 wants meta data, methods, staff, station location and metals. Data user 4 wants everything but only for station 2, before 2003. Data user 5 wants something different. To produce all these “reports” would require a fair amount of double entry, cutting and pasting, simple linking between spreadsheet pages or something similar. It is not a very efficient way to store the data in order to retrieve variations on how it is laid out. It is very user friendly if I want to see information for each station on specific dates. 

So, Spreadsheet …..or……Relational Database?

Both are valid tools. Tools, you may decide on one, not the other or both. We suggest you address your data management needs based on what data you are managing and what functions you need, and determine what serves those needs best you’re your resources today and plan for tomorrow. There is no right or wrong answer, the following table summarizes the pro’s and con’s of each. This is followed by a check list of items you might weight in making your decision.

Table 1: Advantages and Disadvantages of Spreadsheets and Databases

	Function
	Relational Database
	Spreadsheet

	Volume of data
	Better for storage of large, continuous, sets of data in long run
	Better for storage small finite sets of data, deals well w/ imported subsets of data 

	Variety of data
	Handles storing and combining wide variety of data
	Stores wide variety, hard to combine dissimilar varieties efficiently

	Combining meta-data with results, or different types of results
	Easily once relationships and hierarchy is defined
	Difficult with large volume, wide variety, can be cumbersome, do by hand

	Entry
	Can do directly to table or develop screen for multiple table entry, can integrate data integrity at entry point
	Do directly to spreadsheet, minimal data integrity integration for entry

	Validation/Data integrity/ formatting
	Can develop automatic validation and integrity 
	Limited automatic validation and integrity, but some

	Analyses - statistics
	Can do, simple to complex, fewer analytical options, less intuitive and user friendly
	Can do, simple to complex, wider array of analyses, more intuitive and user friendly

	Analyses - graphing
	Can’t do
	Most have a graphing component

	Analyses – query or sorting, subsetting data
	Easily once relationships and hierarchy is defined, across multiple tables, can do on fly or automate with screens, fairly intuitive once understand relationships 
	Limited within specific spreadsheets

	Reporting
	Easily once relationships and hierarchy is defined, across multiple tables, can do on fly or automate with screens, fairly intuitive once understand relationships, less intuitive to develop report forms
	Can customize, easier and more user friendly to “make” pretty, more intuitive to develop reports

	Templates and Screens to automatically construct entry, query, analyses and report forms/functions
	Can do, less intuitive, more training/knowledge needed, powerful for using multiple tables, less intuitive, more training/knowledge needed
	Easier, more intuitive, less training/knowledge, newer versions can set up like databases and use “workbooks” to link data in multiple sheets

	Ability to define relationships within system
	Yes, by design
	No, by design

	User friendly
	Better than used to be, need more knowledge, intuition to figure out
	Very, less knowledge and intuition to figure out

	Integrity after entry
	Built into relationship rules turn on
	Not great, unless use pivot tables, then can help

	Normalization
	Can do with ease
	Can do, much harder to do

	Number of Users
	Deals effectively with multiple users to ensure data integrity, reduces introduction of errors, duplication, etc.
	More difficult to maintain integrity, error management and decrease duplicity with multiple users

	Up front resources
	More
	Less

	Resources to use
	Less
	More

	Training and Knowledge to use, program an modify
	More
	Less

	Street Cost
	About same
	About same


It is common among watershed monitoring and assessment database managers that have been around a while to use relational databases to store and retrieve the data for other functions such as analyses, interpretation and reporting. Thus, the relational database provides the data entry, data combining from multiple sources-as entry to the storage system, data validation and integrity, efficient storage, development of queries to subset the data and retrieval mechanisms. The query and retrieval mechanisms prepare the data to be transferred to spreadsheets for date-to-information functions (Phase 3) such as analyses, interpretation, reporting where you might need to make  graphs, take data into spatial mapping software like Geographic Information Systems (GIS) for analyses and mapping,  or to a statistical package or modeling software, for general retrieval on a webpage or for uploading to EPA’s STORET.  A decision maker might need any one of a data-to-information off ramp, see the next illustration.
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It is possible to look at these tools at a local, regional an state scale and relate them to the available resources, level of knowledge and volume of data:

· At the local level: a citizen group might use Microsoft Excel and Access to input, store and conduct simple analyses, graphs and reports. 

· At the state level: Each state health department has to use the EPA’s STORET for data collected with EPA funds. STORET is how these agencies have to organize, enter, define relationships and store data for the EPA. They each employ software such as Microsoft Access, Excel and GIS for their analyses, interpretation, reporting and storage needs unrelated to EPA’s requirements. 

· At the regional level: water districts, watershed groups, educational institutions, regions within agencies may combine multiple smaller data sets for storage, analyses, interpretation, reporting and decision making across state boundaries. 

Graphics

More than likely analyses of your monitoring data will require graphing of the data through space and time, in order to find outliers, observe possible trends or patterns and to help understand the story the data might be telling. Consider the complexity and level of these needs against available software options. Most spreadsheets provide the basic graphing needs. Many statistical software packages also have graphing capabilities associated with illustrating the statistics they provide. There is complex graphing software available.

In your inventory of what data you are generating, consider if you are generating any photos, illustrations, drawings, maps and the like. Often scanners come with the software needed to incorporate non electronic graphics. Of course digital cameras provide a new avenue as well. 

Naming Conventions

It may not seem important or relevant when you first begin collecting data, but developing standardize naming conventions can be very helpful for data manipulations, management, analyses and reporting. This applies to monitoring plans that collect data from many sites, or few sites but many variables. The more consistent the reporting, recording and entry of information, the easier it is to use. Standardizing naming conventions affects field datasheets, database design and manipulation. Consider developing standardize conventions for the following items, the naming of:

· projects, 

· organizations, 

· stations, 

· variables, 

· units and 

· assorted meta-data:

Review the list of data that your are generating and identify places that could use standardize naming conventions. Document those conventions in the Data Management Plan, Part 1. 

EXAMPLE

	Category


	Item
	Naming Convention

	Organization Name
	High School and Middle School
	HS and MS (no periods, case sensitive)

	
	Academy
	Acad (no periods, case sensitive)

	
	Institution
	Ins (no periods, case sensitive)

	Org Numbering
	XXX
	1 to 3 digit unique number, such as 4, 34, or 114

	Station Name
	Highway
	Hwy

	
	Bridge
	Br


Data thorns

Another data management decision to make that will support the movement of results through the system to information includes decisions about the miscellaneous thorns that come with the territory of managing this type of data. You may discover that, if you have multiple targeted decision makers, they might have conflicting information needs and thus present you with different data management needs in order to fulfill two different reporting needs. Miscellaneous thorns are those little details that often distinguish between whether a targeted decision maker will use you’re your data or not. 

For example data user 1 may need you to report zinc detection limits for values that were below detection limits and data user 2 might need you to report zero’s for the same situation and data user 3 asks you report ½ the detection limit. So, if your zinc detection limit is 10:

· for data user 1 you would report “<10”, 

· for data user 2 report “0” and 

· for data user 3 report “5”

How do you design your data management system to manage that? The most efficient way is knowing what they each need ahead of time and if they don’ t know what they need, you make the best decision you can and document why you chose what you did. 

We have identified some common miscellaneous thorns for you to consider:

· Handling of detection, reporting or practical quantization limits (discussed above), see Step 5 Resource Guide for definitions and differences.  You need to determine what you are generating or receiving from others. Typical options include when a value is detected but not within a comfort level to report a result or value, what is reported is either a 0, or “< detection limit” say <10, or report ½ of detection limit, say 5 if detection limit was 10. Purpose for option 1, 2 or 3 usually has to do with data analyses and interpretation needs which we will address further in the planning process.

· Recording non values, you didn’t collect pH today, do you leave it blank, use another non meaningful value like -9 or a zero

· Recording zeros, how will you separate measurements that result in a 0 value from other meaning of 0?

· Data ranges, values that are part of a rating from 1 to 5 for example

· Narrative results, such as “to few to count”, riparian zones that are “un-impacted”, “signs of erosion”, “man-made” for example

· Significant digits, if your pH meter reads to the 100ths digit but it’s not significant what will you record? If your titration apparatus reads in 10ths, 6.5 for example, and you get a reading like 7.54, how will you round it or record it consistently?

· Units, standardize units and/or conversions between Celsius and Fahrenheit, conductivity units, microgram versus milligram, etc.

· Impossible results, electronic databases help with this aspect in that you can design data entry to not allow for such numbers to be entered, for example pH values <0 or >14, dissolved oxygen values >18-20 mg/l.

· Rounding, errors introduced by software, manipulation or analyses is issue one, issue two is deciding how to consistently round if analyses produces results that are a finer resolution than significant digits. For example if analysis produces a result x.yzab and significant digits suggests you report only x.yy, how will you consistently round the “ab”?

User Considerations 

Most likely the data management system and data will have multiple users over time and possible over space. Will there be multiple users or simultaneous multiple users? And of the multiple users should there be varying degrees of access? Do we need to distinguish between access to the data management system versus access to the data itself? Think about today and in the future about the users of this database management system. Who needs to access it for what purpose (operation and maintenance of the data system or just data use?), when do they need access, where and how will they get access to the data or system.

A tiered approach to access is helpful for planning both access to the data management system and to the actual data results. Reasons for having multiple tiers of access are usually associated with role/responsibility, level of knowledge/skill and data integrity or validation but can include considerations regarding sensitive data (data that might be used in legal proceedings or about endangered species for example). Your database design and chosen hardware/software can build in degrees of access and ability to change and edit and the ability to create read only type files. Determine what might be appropriate or valuable for your data management needs. 

The issue of multiple users or simultaneous multiple users is most helpful to identify as a significant decision component of the final database design and selected hardware/software and system support decisions. Will you have multiple users or folks who need to be either:

1) Contribute information to the same larger database, at the same time or at different times, an example might be a field technician, lab technician and data manager all provide data to the same large database. If the timing is hierarchal, it travels from one to the next adding on, then that is one process to monitor. If access is needed at the same time or is not hierarchal but generated in a inconsistent timing, a different process needs to be developed and monitored. 

2) Need the same information in their database as another data base has, and they are not linked. For example Lab 1, technician 2 and program manager 1 all need station location data and contact information in their respective tables. Would they each enter this information separately, duplicating the effort and introduce errors? If so you would need processes to monitor this to maintain data integrity. Or would create a central database, with a defined relationship, so that all can access that information in context with their work, but not need to enter it? There are technologies to handle this issue. You need to plan how to address it to minimize errors. 

Process tools (forms, logbooks, etc.) that assure and control system

As you diagram how each data/result is generated, stored, retrieved for the various functions of validation, analyses and reporting, you will develop process and tools that move the data from one step to the next, from one place to the next. These tools and processes are part of the data management system support decisions you make in order to maintain data integrity, move the data through the system and evaluate the system at various points. These tools may be electronic or paper, they may be mini-processes that are document, but they exist informally and formally. We are suggesting you try and identify them and illustrate them in your overall data management system. Some examples might include:

· A data entry log sheet that tracks the electronic entry of hardcopy field data sheets

· A validation box on every field data sheet or as a field in the table that is marked or selected when the data is validated

· A form that documents for every batch of samples run through the XYZ machine, all laboratory blanks, duplicates and spikes were good, or if not what action was taken. These forms are placed in a notebook and reviewed a planned frequency

· A report from the macroinvertebrate laboratory listing the problems with the samples it received. This report is reviewed annually and changes to sample protocol, sample preservation or recording are made and documented. These reports on kept on file in XYZ building.

Safety Archiving, Backing up and Cross Training

This section is part of the system support decisions to make your each data point or result move through the data management system with integrity for reporting and delivery to targeted decision makers. Specifically, the decisions here relate to how you plan to protect your data from electronic failure or fire/theft, and how you might archive hard/electronic data for long term storage and institutional memory. 

Safety. Safety of your data, hard or electronic happens through planning not accident. For hard data, field datasheets, maps, photos and the like, consider the value and need for protection from fire, theft and simple misplacement. We tend to operate in the now and not think much about 50 or 100 years from now. But, think long term, it is not unimaginable at all to believe that your photos, maps and data might be more valuable in the future than they are now. Maybe it is a picture you took that people use in 50 or 100 years to say, “look this is how the river looked 50 years ago, see how we have preserved it (hopefully) or see how we need to restore it”? So help the future help themselves.

Archive and Back up. For electronic data this means planning how and when you will back up what portions of your electronic database. Don’t be the 3 in 4 folks who learn the hard way to back it up, and back it up twice. There are those that have lost their data and those that will, from lack of backing it up. It is not uncommon or considered excessive at all to have two back up copies of your data that are stored in differently locations and possibly have different “timed” back ups. You never know when you hard drive might go south, your computer stolen or a disc goes bad—you don’t plan those events so you need to plan your back ups. It is also common to date your backups and know what changes might have occurred in between each back ups. You may need to stagger various components timing in order to ‘”recreate” an accurate lost version. Murphy’s law says if you do it you won’ t need it, but if you don’t, you will—and won’t have it.

Regarding your meta-data. You may need to decide how to handle names of staff or volunteers that have moved on, or stations that are no longer sampled, etc. You might even create a database of your staff and their level of training. You might change a method in the middle of a sample project. If the meta-data is valuable information in for the development of the story or data transforming into information, then keep it available. 

Cross Training. More than likely more than one person is involved in managing your data. To the extent possible you want to design cross training into your organization, perhaps for more that just data management, but a least for data management. Your data is too valuable and cannot be regenerated in most cases, the date of collection is past. By having at least two people understand data management processes and systems, if something happens to one or the other you are not left in the lurch. 

Elements of Your Data Management Plan, Part 1

Recap this step. You may not have needed to address all the items for which information is provided, that is up to you and your situation. We are suggesting at a minimum that you:

Part A - What managing how?

1) Have an inventory of what data/results and meta-data you are generating that needs managing, including the needs of your decision makers. This may or may not result in a minimum data elements list that you require or recommend that accompany this set all the way through data management to support the processes of analyses, interpretation, reporting and delivery of information to targeted decision makers.

2) Illustration of how data will flow through the major data management processes of entry, validation, storage, retrieval for analyses, interpretation, reporting and delivery. Where, what evaluation will occur and who is responsible. How will move data through the data management system,—more after Steps 13-16 in this Phase 3. 

Part B - Data Management System Support Decisions:

3) Database Design and identified relationships

4) Hardware and software status and needs, including graphics, GIS and Web interface needs 

5) Identified and documented naming and numbering conventions, miscellaneous thorns (detection limit, etc.), user considerations, process tools, safety measures, archive protocols, and training plan

Case Study 1:

Case Study 2:
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See Step 5 Resource Guide for determining significant digits, rounding procedures and how to handle data management of detection limit, practical quantitative limit and reporting limit if you need to.  

Guidance for the Data Quality Objectives Process EPA QA/G-4, USEPA, Office of Environmental Information, Washington, D.C. EPA/600/R-96/056, August 2000, www.epa.gov (on-line). 

www.edwardtufte.com, author of several books on how to visually display complex information such as data base relationships, books and courses, Visual Display of Quantitative Information, Envisioning Information and Visual Explanations.

Resources

Contents in Phase 2, Step 11 Resource Guide:

1) National Water Quality Monitoring Council Minimum Data Requirement Template

2) Colorado Water Quality Monitoring Council Minimum Data Requirement Template

3) EPA’s STORET Minimum Data Requirement, http://www.epa.gov/Storet[image: image32.png]
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Field Sampling Data Sheet Information


General For each sample or measurement


• Site location name 


• the time each sample or measurement was taken


• Sampling date


• unique ID number for each container


• Monitors’ names 


• depth of sample or measurement


• Surface water conditions 


• type of sample collected


• Additional descriptive comments 


• note if a Quality Control Sample


• Water body or watershed 


• type of sample container used


• Tidal stage or flow 


• site number where sample was taken


• Precipitation within last 12, 24, 48 hrs. 


• sample preservation technique (if any)


• General visual observations 


• field measurement results


• Current weather conditions


For when the sample is delivered to the lab


• Time the sample arrived at the lab


• Who checked in the samples at the lab





Lab Data Sheet Information


General


Water body or watershed 


name of lab


Lab analysis date 


who checked in the samples at the lab


Computer data entry person 


data proofer


Additional descriptive comments


For each sample


Bottle number or sample ID number • site number for each bottle


Time sample was collected • time sample was received at lab


Time sample analysis was begun • time sample analysis was finished


Analysis results (raw) • analysis results (converted to final reporting units)


Depth or type of sample • quality checks performed


Who performed the analysis • note if a Quality Control sample


Quality check results
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Phase 3, Step 17  Management to Generate Information





Phase 2, Step 11  Management of Raw Data
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Phase 2 Product Illustration:
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Step 10
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Raw Data Management (part 1)





How meet Data Quality Objectives





When





Where





What





Step 16-18





Steps 12-15





Summary Info Blue Print-Data Pathway Fact Sheet





Scope Inventory, water bodies





Steps 1-6








PEOPLE Design
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Information


Design





Technical Design





Dec Makers & Information needed to answer MO 5
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