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FIRST Assessment Database:

Best practices for collecting and managing data

Introduction

Calls to reform undergraduate STEM education in the United States abound. As part of the Faculty Institutes for Reforming Science Teaching (FIRST, http://first2.org), we are constructing an assessment database to support research on undergraduate STEM education. The database will facilitate both data-driven instructional decision-making and research in science education.

This document summarizes many of the ‘best practices’ in STEM education research, from data collection and storage to dealing with research on human subjects. These guidelines are meant to simplify your research and promote use of the FIRST Assessment Database.

What are assessment data in STEM education research?

Look at your grade book in Excel, Angel, Blackboard, hard copy or wherever you keep students’ grades. Turn to any page or worksheet and you’ll observe student names and grades, neatly organized into rows. What you have in your hands or on-screen are data. These data represent student achievement on assessments in your class and can help answer any number of questions in STEM education research.

In all likelihood, you’ve recorded data at the assessment level – that is, the total score a student earned on a particular exam, homework or project (see the sample Excel grade book). These are aggregate data – a compilation of scores from individual items to produce the overall score for the assignment. While useful, many research questions lend themselves to disaggregated data or data stored at the individual assessment item level (see the sample Excel grade book). For example, you may be interested in evaluating student learning outcomes about gram staining. You have questions on two exams and several homework assignments that specifically deal with student learning objectives for gram staining. However, there are additional questions on those exams/assignments that are unrelated to gram staining. Since you stored your data at the item level, it is simple to filter your data for only those items that pertain to gram stains.

You may wonder if all student responses are data - potentially, yes. Sources of student data can include:

1. Constructed or student written responses (essays, short answers)

2. Multiple choice answers

3. Projects, including posters, websites, videos, pod casts, etc

4. Survey data (e.g., Views About Science Survey or Self Efficacy Instrument)

5. Scores for each of the above – on an item-by-item basis and for a complete test, assignment or instrument.

What other types of data do we use in STEM education research?
Research questions are as unique as every individual. Perhaps you are interested in examining faculty approaches to teaching or faculty change in response to workshops on teaching. In these instances, student data are still important – after all, they are the dependent variable. However, you may also collect data on the instructor themselves – this could include categorizing the Bloom’s level of items on assessments designed by the faculty, directly observing the instructor while they are teaching (RTOP – Reformed Teaching Observation Protocol), or analyzing components of the course syllabi. You may also conduct interviews with faculty members participating in your study.

Demographic data

Your research protocol may involve comparing two groups of students (for example, two sections of the same course, one group taught concepts using an on-line simulation and the other group taught the same concepts in a laboratory format). These two groups of students may vary in more than just the pedagogy. Those variables - demographics - can drastically bias your results. Student demographic data are important to consider in any STEM education research question. Be aware that ethnicity, gender, age, major, GPA, ACT/SAT scores, and other socioeconomic variables may correlate with student learning gains or outcomes.


Before you despair that all education research is impeded by latent variables, remember: statistics are useful for situations when you can’t control all the variables in a system. If you have demographic data, you can statistically compare two groups of students to determine if they differ significantly on one or more demographic variables. If there is no significant difference, move on! Continue with your research protocol. However, in the case where the two groups do differ significantly, you will need to reconfigure your statistical analysis to account for those differences.

At many institutions, demographic data are available from your registrar. Most registrars have such data for current and past students and are generally willing to release these data to a researcher with approval from the Institution’s Review Board (IRB). A detailed discussion of IRB appears below – for now, remember that STEM education research is human subjects research and, by federal law, requires review by an IRB, an ethical review board or your institution’s lawyers, depending on the structure of your institution’s administration.

Student identifiers

At most institutions, students are given a unique identifying number upon enrollment. Although you may not use this information in your grade sheet, it is important to keep these data for each student. Student ID numbers are preferred to e-mail addresses or net IDs. Such numeric identifiers are rarely changed for a particular student, are consistently assigned from year to year, and greatly facilitate longitudinal studies and data upload to the FIRST Assessment Database.

Rubrics

Rubrics are scoring guides for an assessment or assessment item. A rubric clearly articulates the objectives of the assessment and the standards or criteria associated with a particular grade. In general, a rubric outlines the expectations associated with each grade (whether that be A, B, C or 3, 2, 1).

Although rubrics require time up-front to create, they standardize, simplify and streamline the grading process. Rubrics ensure consistency in grading, from student to student and from one instructor to another. In STEM education research, rubrics are vital as they specify your learning goals or outcomes and your standards for student responses. Rubrics ensure that another researcher could administer your assessments and evaluate student responses to be comparable to your results. 

Keep in mind that different research questions lend themselves to analyzing student responses in different ways – and thus require different rubrics. As a teacher, you may create a qualitative rubric to help you quickly score student models of evolution. However, as a research question, you may be interested in the abstract-nature of student thinking, which might dictate a very different rubric that is divorced from the correctness of a student response.

Sources on Rubrics:

· Rubristar – on-line tool to create quality rubrics

http://rubistar.4teachers.org/index.php

· Introduction to rubrics

http://www.introductiontorubrics.com/
· Field-tested Learning Assessment Guides (FLAG)

http://www.flaguide.org/intro/intro.php

How do we store all of these data? 

Open-ended responses

Student written responses are invaluable data sources. As a good educator, however, you try to grade student work and promptly return it – there go your data! You could photocopy student work to keep a record, but the stacks of student work will quickly take over your office and laboratory. Even with an efficient filing system, the data are cumbersome to search.

A more efficient storage system is to digitize student responses to a common format, generally a portable document format (PDF). Creating PDF files minimizes the space needed to store student responses, making it possible to store multiple courses and years worth of data. In recent years, PDF files have also become searchable, simplifying your research yet again.

You may be familiar with traditional flatbed scanners, which can take upwards of a minute to scan a page. Scanning in black and white can shave a few seconds off that scan-time, but taking even thirty seconds to scan a page is time consuming – too much so. Investing in a high-speed scanner allows you to scan an entire 6-page exam for 200+ students in just over an hour.

Many of the major electronic companies make high-speed document scanners, including Dell, Kodak and Xerox for around $400. Before purchasing a scanner, be sure to find one that meets your needs – consider whether you need to scan color, duplex, or high-volumes of data. We have had good luck with an older model Fujitsu ScanSnap. It scans about 15 pages per minute in black and white and creates a PDF that is key word searchable – perfect for our research on a large introductory biology class for majors.

Before you begin scanning student responses with abandon, take a moment to think about the data you are collecting and the manner in which you will most likely search these data. For example, exams typically cover multiple concepts where only a fraction of the questions asked answer your particular research question. In this case, a scanning strategy could be to separate the exam into individual pages and scan all student responses on page 1 to a PDF file, repeating for each additional page.

Finally, consider investing in the professional edition of Adobe Acrobat or similar software. The full-version of Adobe allows you to split and combine multiple PDF files and provides editing options, which are handy when de-identifying student data (see below).

Closed responses

Student data come in many flavors. It is frequently easiest to store multiple-choice data and student scores in an Excel spreadsheet. You can scan student bubble sheets or scantrons, but most institutions have an automatic scoring system for bubble sheets that return comma-separated values (csv) or Excel (xls) files. Why waste energy scanning data that is already digital – and in a format that is quite amenable to quantitative research?

Since we generally keep student grades in an Excel workbook, we convert csv files to xls. You can do this in Excel by choosing Data > Get External Data > Import text file. From here, the Excel wizard will ask you to choose a file and then step you through column delineation.

Although not a tool for statistical analysis, Excel does allow you to perform some simple analysis of student data. Means, medians, modes and standard deviations are straightforward calculations in Excel and using the graph wizard, you can create a histogram of scores and/or responses on an assessment item or an entire assessment (see sample Excel workbook).

How do we simplify data import to the FIRST assessment database?
Uploading assessments and corresponding rubrics and student data to the FIRST assessment database facilitates your own STEM education research and can help forge collaborations with faculty members across the nation. While uploading information to the FIRST assessment database is straightforward, there are a few steps you can take in preparing your assessments and grade books to streamline the process.

Format of assessments

1. Don’t split questions across page breaks.

2. Embed images, drawings or figures immediately before a question.

3. Number every question sequentially.

a. Question numbers follow the format: 1. 2. 3. OR (1) (2) (3) OR 1) 2) 3)

b. Numbering is continuous (does not start over at 1)

4. Multiple-choice questions use letters for the choices

a. The letters are in alphabetical order if read left to right, line by line

b. The letters follow the format: a. b. c. OR (a) (b) (c) OR a) b) c)

5. Each part of a multi-part (composite) question is marked with a letter or a roman numeral.

6. Multi-part questions contain no more than one nested layer

7. True/False questions contain the words true and false, T/F, T or F, or T F.

8. Fill in the blank questions contain at least two consecutive underscores.

9. For clarification and additional details, please refer to the document, Guide to formatting parser-friendly assessment documents.

Format of grade book

1. Organize data in rows - each student should have a row of data.

2. Each column represents a question, a score or some other indication of a student’s work on a particular item.

3. Be consistent in the identification number of a student – preferably, use the identification number assigned by your institution. This will enable longitudinal studies across courses within your institution.

What about conducting research on human subjects?

STEM education research is human subjects research. Sure, it’s not the same as clinical trials, but it’s still subject to federal guidelines governing human subjects research.

Family Educational Rights and Privacy Act (FERPA)

FERPA, a federal law, provides protection to student education records and limits the release of such records to third parties. Data protected by FERPA include all ‘non-directory information’ such as: student identification numbers, race, ethnicity, gender, and grades. In general, this information is not released without written consent of the student.

However, FERPA does allow the release of non-directory information to some third parties – including school officials with legitimate education interests and organizations conducting research for or on behalf of the school – without written consent. How do you know whether you need permission or not? Ask your institution’s IRB.

An overview of FERPA is available on-line:

http://www.ed.gov/policy/gen/guid/fpco/ferpa/index.html

Institutional Review Boards (IRB)

Most higher education institutions in the US have an IRB (or, in many cases, multiple IRBs), established to review all proposed human subjects research, regardless of funding. Prior to initiation of research, you are required to present your proposed research to your IRB to examine risks and benefits, subject selection, privacy, confidentiality and subject anonymity associated with the proposed research. If your institution doesn’t have a formal IRB committee – and many smaller schools do not, seek out a faculty member who has conducted research on human subjects. He or she will likely know the ethical review board or lawyer you need to contact.

You may think IRB approval is need for everything you do in the classroom and with classroom data – this is not the case. If you use the assessments or other kinds of data from your students to improve instruction and guide curricular changes, bravo – you are a thoughtful teacher. If you plan on publishing data collected during your course, you need IRB approval. Such approval may require students to provide written, informed consent.

The following tips will help you begin to determine if you need IRB approval for your research and how to go about attaining approval. Perhaps the best way for someone to learn what is expected in IRB application is to look at examples and have someone explain why various things are included. Below are a few “IRB tips” to help you navigate the often murky waters of IRB:

1. Start early.

2. Talk to people in the IRB office for help. There are usually staff who can help you navigate the system and let you know the general timelines for review.

3. Attend any training (face-to-face or online) that the IRB offers.

4. Try to maintain a collegial (rather than adversarial) stance.

5. Talk with colleagues who are doing research with human subjects for their advice.

6. Every IRB is different.

7. Every review is different (different reviewers, different interpretations of the rules).

Copyright issues

Using copyrighted items

In preparing assessments for your course, you may gather ideas and questions from a variety of sources – textbooks, published concept inventories, other faculty members in your department or at other institutions. It is important to realize that all of these items may be copyright protected. This does not preclude your use of these items in your classroom – use in an educational setting often falls under the ‘fair-use’ policy of copyright law – but you should use care when using such items and, where appropriate, cite the source.

However, using copyrighted materials with the FIRST Assessment Database does not fall under fair-use. We are working with major publishers to work out agreements to simplify the upload of their assessment items to our database. For now, we ask that you include complete citations for questions acquired from copyrighted sources.

Protecting your assessment items

As a thoughtful educator, you have crafted several of your assessments and you’d like to protect them in some way. Under US copyright law, your work is copyrighted when it is fixed in a tangible form. You do not need to register or apply, although for various reasons you may choose to do so. For further information on US copyright law, see the US Copyright Office (http://www.copyright.gov/). 

We encourage you to consider Creative Commons Licensing, which enables users to specify how their materials may be used and attributed. This allows more flexibility in the use and distribution of educational materials. More information is available on-line: http://learn.creativecommons.org/
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