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Project EDDIE:  High-Frequency Sensor Data Quality Control 
Instructor’s Manual 


· This module was created by Stetler, J.T., Moriarty, V.W., Lucius M.A., Farrell, J.L., and Rose, K.C. This module was supported by US National Science Foundation grants 2048031 and 1754265 and the Jefferson Project. The Jefferson Project is a multi-disciplinary research effort founded by Rensselaer Polytechnic Institute, IBM, and the Lake George Association. The Jefferson Project was supported by US National Science Foundation grant 1625044 and a New York State Higher Education Capital grant (#7290). Click here to see a list of publicly available data from The Jefferson Project. 

  


Overall description: There has been a substantial increase in the availability of high frequency environmental data in recent years. The rapidly increasing amount of data generated by high frequency sensors requires that ecologists possess a new set of computational skills. Students will learn how to prepare aquatic high frequency sensor data for analysis by learning how to identify, correct, and visualize common issues with sensor data. 

Pedagogical connections:
	Phase
	Functions 
	Examples from this module

	Engagement
	Introduce the value of high frequency sensors and the added challenges when using this data.
	Introduction of topics via lecture by instructor. 

	Exploration
	Activity A: Engage students in the structure of high frequency data and investigate common formatting errors in a real data set. 

	Students will use R to identify, fix, and visualize common data formatting and structure issues that arise with sensor data using hints and code provided in the student word document. 



	Explanation
	Activity B: Engage students in the sensor data correction process. 

	Students will use hints and code from the student document to correct faulty sensor data. Students will create a “before and after” plot to visualize how they corrected the data.  

	Expansion
	Activity C: Demonstrate ability to correct sensor data with a new data set on their own.
	Students will use what they learned in activities A and B to correct a different high frequency data set. Background information is provided in the PowerPoint. Students will then identify visually when Lake Geroge turned over using dissolved oxygen and temperature sensor data. 

	Evaluation
	Assess students’ understanding.
	Students will submit their word document for evaluation by instructor. 



Learning objectives:
· Discuss the added value of high frequency sensors.
· Prepare data from high frequency sensors for analysis and visualization.
· Explain the difference between data quality assurance (QA) and quality control (QC). Understand when each process is typically performed.
· Explain common quality control issues with sensors.
· Apply standard QC protocols to correct common mistakes.

How to use this module:
This module can be completed in one 3 hour lab period or two 1 hour 30 minute lecture periods for intermediate or advanced level students. Students should be familiar with the R coding language and environment, and fundamentals including installing packages. Note that code is provided for students for Activities A and B. Alternatively, the instructor may choose to do Activities A and B as a code along with the entire class if students are less familiar with R.

Quick overview of the activities in this module
· Activity A: Identify and fix common data formatting issues from automated sensors.
· Activity B: Plot, identify, and correct common sensor data quality control issues.
· Activity C: Apply proper data QC protocols to a new data set. 

Workflow of this module:
1. Students should complete any readings before arriving to class. 
2. Instructor will begin with a brief overview of environmental sensors using the provided PowerPoint. 
3. Students can then work through the provided document to complete the activities.

Potential pre-class readings. 
There are no required readings, but the following book chapter may be useful:
Rose, Kevin C., Christopher G. McBride, and Vincent W. Moriarty. "Creating and Managing Data From High-Frequency Environmental Sensors." (2022). Encyclopedia of Inland Waters (Second Edition) Volume 4, Pages 549-569. DOI: 10.1016/B978-0-12-819166-8.00197-3

Online at: https://www.sciencedirect.com/science/article/abs/pii/B9780128191668001973?via%3Dihub 

The instructor may choose to add their own readings. 



Notes on the student handout:
· This module was designed for use in a data intensive course where students have some familiarity with the R programming language. The instructor may choose to do a code along to walk students through each step.
· Code is provided in the handout of students in blue italics font for Activities A and B. Students should be able to paste this code into R and it should work, though the instructor may need to provide guidance from time to time.
· Activity C is more advanced and may require additional functions not covered in this module (such as rounding and aggregating data). The instructor may choose to leave Activity C as optional, or provide code as needed. 
· We recommend students download the data directly from the Project Eddie website, or have the instructor upload it to another area for students to access (e.g., learning management system etc.)
· Please do not have your students open up any of the files in a spreadsheet editor like Microsoft Excel! Spreadsheet editors like to reformat dates, which can cause problems with the data in R. While we could have provided the data as text files, we feel it is important to teach students how spreadsheet editors can make mistakes. 
· Complete R script files are included for instructor reference. 

Presentation
These notes are meant to provide more context for the instructor. The instructor may chose to add or subtract from their PowerPoint as necessary for their course. 

Scientific Observation Occur At Multiple Time Scales 
· This slide is meant to define what high frequency measurements are: any measurement that is collected more than once a day. Typically, this is performed by an automated environmental sensor.
· Compare and contrast this with traditional research programs that collect data at regular less frequent intervals.
Incorporating High-Frequency Sampling Into The Scientific Process
· Sensor data brings many more observations that scientists can use to generate hypotheses and look for patterns in data.
· We can use the observations to create more targeted studies focused on the patterns observed in the sensor data.
· We can also get measurements during periods that may have been traditionally difficult to sample in such as during bad weather. This also reduces the number of trips to field sites that may be remote and difficult to get to.  
· High-frequency sensor data can be uploaded in near time and can lead to excellent scientific communication and management opportunities. For example: data dashboards can allow residents to view current conditions, while forecasting can be used by managers to prepare for upcoming conditions. 
Application of High-Frequency Sensors
· While many Eddie modules use sensor data, none explain how to prepare and process sensor data.
· In order to apply an ecosystem model for example, we need quality input data and observations.
· Our Eddie module aims to fill this gap.
High-Frequency Sensors Present New Challenges
· We’ve gone from one measurement a day (or month) to now up to 1440 observations a day!
· While this is exciting, we need to prepare students to process this data.
· Any one sample may be far away from the “true value”. 
· The more data we collect, the better understanding we gain of an ecological phenomenon. 
Getting The Most Out of Sensors: QA/QC
· Explain the fundamental difference between QA and QC
· Often these terms are used interchangeably, but they mean different things!
· QA is meant to increase the reliability of measurements that are taken, while QC aims to identify and correct mistakes after data is collected.
What to throw out and what to keep?
· Explain the importance of having a foundational understanding of your study site.
· Reviewing senor manuals can inform potential issues users may experience. 
· Pay special attention to battery types, and be sure to replace batteries regularly.
· Keeping proper notes and meta data files are extremely useful.
· These can be referenced if issues in sensor data arise.

Quality Control Requires Data Processing And Versioning 
· Explain different levels of data.
· Raw data is what is initially collected.
· Scientists who collect the data typically identify (flag) and correct data before making data available.
· Note that we skip the flagging part in this module.
Data Provenance: Project Level
· This describes where the data came from, which is an interdisciplinary partnership studying Lake George in New York State.
· Depending on your region, you may consider adding a map or picture of Lake Geroge to put this in context of your class.
Data Provenance: Location Level
· Data is provided for a stream that flows into Lake George (tributary) West Brook, for activities A and B.
· In Activity C students will work with a new data set which comes from a vertical profiler on Lake George.
Data Provenance: Sensors
· All data came from a multiparameter sonde that is deployed.
· Note that we removed some columns of data and create “fake” data complications for students to encounter during this module. 
· For reference: Data from the project is available at: https://dfwi.rpi.edu/data in its unaltered and complete form. 
Activity A: Sensor QC Issues Data Formatting and Structure
· This slide lists out what students will be doing for Activity A. 
· You may want to remind students again not to open any data in a spreadsheet editor.
Activity B: Correcting Sensor QC Issues
· This slide lists out the steps students will follow to compete Activity B.
· Instructor may choose to explain what a sensor calibration is.
· Sensors are tested back in the lab for accuracy. We then may be able to correct mistakes in data in the field.
· Outliers: note that we introduce a very basic method to detect outliers. The instructor may choose to introduce a more advanced method.
Activity C: Putting it All Together (Slide 1)
· Students will have the opportunity to work with a new data set on their own.
· Their goal will be to identify when Lake George turned over in the fall by graphing sensor data.
· Frist students will need to check and correct the sensor data.
· This slide sets the stage for why lake turnover is important and how to identify turnover.
· You can see that deep water oxygen concentrations tend to increase in the fall after the lake mixes, which makes sense. 
Activity C: Putting it All Together (Slide 2)
· Introduce importance of thermal stratification.
· Demonstrate how temperature and dissolved oxygen sensors can be used to identify fall turnover.
· Note red box showing an increase in dissolved oxygen corresponding to a near uniform temperature profile.
· Both plots indicate that turnover has occurred. 
· Students should look for this type of spike in dissolved oxygen when they perform part C.
· Students should start with dissolved oxygen and temperature data.

Activity C: Putting it All Together (Slide 3)
· Describes the task for students to complete.
· Note that there is extra data students may not need.
· Students should start with dissolved oxygen and temperature data.
Activity C: Putting it All Together (Slide 4)
· This slide contains some notes of potential hiccups students may encounter. We intentionally made this more challenging. 
· Students will notice after formatting the time stamp, sometimes are sent back to /January 1, 1970. Students should remove these datapoints. There likely was an issue with the sensor clock.
· We provide data in three dimensions: dependent variable (dissolved oxygen or temperature), timestamp, and depth. We suggest students begin by choosing one depth (25m). Students may choose to examine the whole data set after completing the activity depending on their skill level. 
· We also give a hint for problematic dissolved oxygen values which they will encounter in this activity. 
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