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1. Introduction

ChapterOverview

This chapter covers
e The approach we take to graphing in this manual
e How the manual is organized

You and your stuehts are carrying out field studies on an ecological question. Once you have
collected data, how do you look at and interpret the informatégmaphs can be valuable tools
for examining and interpretingsearchesults.

Scientists regularly create grapsa way of visualizing patterns in data, and of showing those
patterns to others. We use picturegraphs’ to help us explain our research resiilts tell the
story we are learning about how some aspect of nature works.

Teachers involved in Harvallo r e st 6 s S8eande Prodrayhave réquested more
information on ways that they and their students can work with data that they collect in field
research studies. This manual is intended to introduce teachers to some options for organizing
manipulaing, and graphing student dataincludes background information as wellmasltiple
examples ofraphs from data collectday teachers and studeisthe course of schoolyard
research studie$he basic concepts and approach are applicable to martyrgyaggograms
available on computers, and also to graphing data by hand.

Our Approach to Understanding Graphing

Our intent in developing this manual is to introduce teachers to graphing in the broader context
of how scientists analyze ecological datée thereforeapproach graphing of Schoolyard
Science dat&rom several perspectives. iSlmanual presents

e an overview of the wapscientists use graphs to help them understand their data,
e adiscussion dfiow field data can be organized into differentdsrof data setsncluding
specific examples pertinent to schoolyard ecology data,
e an explanation athe kinds of data manipulations and corrections that are usually
necessary before data can be graphed or otherwise analgzegla schoolyard data set
to illustrate key points,
e areview of different kinds of graphs,
e examples ofraphsfrorHar var d For est,andci enti stsb6é resea
e graphs ofeal field data collected by students whose teachers have been participating in
Harvard For eSciecsPgiamhool yar d



Some data are graphed several ways to illustrate how different kinds of graphs can provide
different insightdnto research result&ach graph is discussed in terms of the datatthat
illustrates andit is interpretedn relation to patterndait may be brought into focus, suggested
trends that may be worth explorirag)ypotential anomalies or odd behaviors in the data that
need to be accounted f@nd/or other features that may be of particular interest.

What Information is Where?

This manual is divided intdive chaptersFollowing this introductory chapter are chapters on
educational goals and standards, data sets and kinds of graphs, preparing data for graphing,
examples of graphs prepared from schoolyard science data.

Chapter2, Graptsin the Classroontonsiders graphing in the broad context of Schoolyard
Science, and of education in genetaincludessomegeneral thoughts about why teachers may
want toteachtheir studentsiboutgrapls and graphing. It also discusses ways ksgon plans

that involve data analysis through graphs help meet foethadational goals state curriculum
frameworks This section includes specific state and national educational goals that can be met
through graphing instructioifrinally, it consides specific ways that graphs may contribute to,
andenhane, science educatigmncluding but not restricted to Schoolyard Science programs

Chapter3, Understandindata andGraphs presentsa broad overview afometopics that are

key to understandingatia, deciding how to present data in graphical form, and interpreting
graphsit first discusses how to organize and work with data,filduding ways to organize

and format data for graphing. Thenpresents an overview of different kinds of graphs

including pie charts, bar graphs, scatter plots, and line graphs. Esaohgi@phs developed

from research data collected by Harvard Forest scieatist§rom Schoolyard Science détam
participating classrooms are used to illustrate how differenliskiri graphs can be used to obtain
different kinds of information from a data set. Some data sets are graphed in several different
ways.

Chapterd, Preparing Data for Graphinkpoks d the steps involved igetting data ready for

graphing. It first corsiders sorting and checking data to find missing data and .€ltrtiren

discusses some indications that the data will need to be standardized or changed, and gives an
example of converting raw data into a percentage. It also shows how you can exitiactadd

data from a data set and organize the new information for analysis. The steps are illustrated with
a set of fall phenology data collected over afgear period by middlschool students in Athol,

MA. The data show leaf fall over time for 11 trestsdied each autumn from 26Q807.

Chapter5, Presenting Schoolyard Ecology Data in Grajpinesentsand interpretd5 graphs
illustratingschoolyardsciencestudies Most of the exampleshow data onleaf-fall phenology




These gaphsare basedntheschoolyardeaffall data set used in Chapter#heyincludethe
following.

o Three simple grap) apie graphastacked bar grapland a bar graph by species,
showing the composition of the study tree population
e Grapls showinghe time course of leaf fall in a single tree over time, in a single year and
over multiple years.
o A graphof leaf fall showing the percentage of leaves that remain on theues¢ime
rather than the percentage of leaves that have fallen.
e Two grapls, a scatter plot and a bar graphthef dates of initial and total leaf fabirfa
single tree over multiple years.
e A graph showing leaf fall in three trees of the same species over three years.

In addition, we include bar graphthatshows data on the abundance of hemlock woolly adelgid
egg masses on three hemlock branctves options for presentindata on changes in water
depthat four locationsn a steam and two graphs comparing data on water depths and
diameters in two vernal pools studied by classes in two different towns

Comparable graphs can be mada @fide variety of other field ecological data.






2. Graphsin the Classroom

ChapterOverview

This dhapter covers

Reasons for teaching graphing skills
Education goals addressed

Where to find related lessqtans
Graphs and Schoolyard Science

Graphs let researchers see patterribeir dataand they can suggest ideas about what might be
happening in the system that is being studi@@phs are also useful for helping scientists
explain data to other people, as pictures can combine a lot ohifon into a compact
packageln fact, he applications and uses of graphs extend far beyond scientific research.

This manual hasbeenprepad i n the context of Harvard Fore
Its overall focus is on the graphical presentation of scientific data collected by students involved

in field research projectsn this chapterywe step back and lodkiefly at the valuef graphing

exercises in an educational context.

Reasondgo Teach Graphing Skills

There are many reasons why graphing skills should be taught in scho®ability to gaph
data is a valuable mathematical skill in its own right, and the evaludtgmaghical data is an
important adjunct to critical thinking.

The basic skills involved in looking at and interpreting graphs are useful in many contexts. In
addition to being useful in scientific research, graphs are used in politics, medicine, @spnomi
agriculture, business, sports, and almost every other aspect of daily life. Theyhiginlyoe
effective means for presenting informatiowe see them in magazines, on television news
broadcasts, in financial reports, and in advertisembftany peopé are visual thinkers and learn
best when presented with pictures rather than wéesple who have difficulty in reading and
interpreting graphical information may be at a disadvantage, and in some situations they may
find themselves leswell informed han people who understand graphs.

Students who have mastered the simple manipulations involyedparinggraphsby hand or

with basiccomputer programs have the ability to examine many kinds of scientific, economic,
and social information, on their owThey can create their own graphs and use them to evaluate
whether conclusions that have been drawn by other people seem to be supported by the data.
They can identify patterns and trends, observe inconsistencies, and draw their own conclusions.
Furtherthey can use graphs to share information with other people.

5



State and National Frameworks and Standards Addressed by Graphing Exercises

Teachers may find that classroom activities and lesson plans that include graphing not only have
a wide range of@neral educational benefits but also can be used to meet specific educational
goals specified in federal recommendations and state curriculum guidelines. The list below
identifies some specific national and ststeence and mathematieducational goalsdalressed

by graphing exercises. The goals are taken from the following sources:

e Massachusetts Department of Education. 2000, 200dathematics Curriculum
Framework.(2000),MassachusettScience and Technology/Engineering Curriculum
Framework(2006). Matl e n , MA . ( A Ma s s a g BothsaeetavaifableF r a me wo r
online athttp://www.doe.mass.edu/frameworks/current.html

e National Committee on Science Education Standardsnd AssessmentNational
Research Council. 1996N\ational Science Education Standarbistional Academies
Press, Washington, D Av@ilable(oflifkaat i o n a | St anda
http://www.nap.edu/openbook.php?retad=4962&page=103

We have not explicitly identified life science standaaddressed by graphing exercises. Note,
however, that many standards and frameworks relating to the understanding of life histories,
adaptations, and distributions of living argsms, and of environmental change and ecology, are
encompassed in the research questions investigated as part of schoolyard science projects. The
use of graphs to interpret study results can thus contribute to educational goals in the life
sciences.

A complete list of Massachusetts Frameworks and National Science Standards addressed in
Har v ar o Sdloolyael projdgcts can be found at:
http://harvardforest.fas.harvard.edu/museum/data/k12/HF%20sLTER%20State%20Frameworks
%20and%20National%20Standards.pdf.

Scientific Inquiry Skills Standards i Massachusetts Frameworks

SIS3. Analyze and interpret results of scientit investigations.

Present relationships between and among variables in appropriate forms.

Represent data and relationships between and among variables in charts and graphs.

Use appropriate technology (e.g., graphing software) and other tools.

Assess th reliability of data and identify reasons for inconsistent results, such as sources

of error or uncontrolled conditions.

e Use results of an experiment [study] to develop a conclusion to an investigation that
addresses the initial questions and supponsfates the stated hypothesis.

e State questions raised by an experiment [study] that may require further investigation.


http://www.doe.mass.edu/frameworks/current.html
http://www.nap.edu/openbook.php?record_id=4962&page=103
http://harvardforest.fas.harvard.edu/museum/data/k12/HF%20sLTER%20State%20Frameworks%20and%20National%20Standards.pdf.
http://harvardforest.fas.harvard.edu/museum/data/k12/HF%20sLTER%20State%20Frameworks%20and%20National%20Standards.pdf.

S1S4. Communicate and apply the results of scientific investigations.

e Develop descriptions of and explanations for scientific cosdiyatt were a focus of one
or more investigations.

e Review information, explain statistical analysis, and summarize data collected and
analyzed as the result of an investigation.
Explain diagrams and charts that represent relationships of variables.
Constrict a reasoned argument and respond appropriately to critical comments and
guestions.

e Use language and vocabulary appropriately, speak clearly and logically, and use
appropriate technology (e.g., presentation software) and other tools to present findings.

Science as Inquiryi National Standard A

Grades K-4:
e Abilities necessary to do scientific inquiry:

o0 Use Data to construct a reasonable explanation
A This aspect of the standard emphasi z
data to formulate explanationsvén at the earliest grade levels,
students should learn what constitutes evidence and judge the merits or
strength of the data and information that will be used to make
explanations. After students propose and explanation, they will appeal
to the knowledgeand evidence they obtained to support their
explanations. Students should check their explanations against
scientific knowledge, experiences, and observations of others.
o Communicate investigations and explanations
A Students should begin developing théditis to communicate, critique,
and analyze their work and the work of other students. This
communication might be spoken or drawn as well as written.
¢ Understanding about scientific inquiry:
0 Scientists develop explanations using observations (evidendeylzat they
already know about the world ( scientific knowledge).Good explanations are
based on evidence from investigations.

Grades 58:
e Abilities necessary to dscientific inquiry
o Conduct a scientific investigation
A Students should develop generalabilies, such as éinterp
evidence to generate explanations, propose alternative explanations, and
critique explanations and procedures.



o0 Use appropriate tools and techniques to gather, analyze, and interpret data

A The use of computers for thelleation, summary, and display of evidence
is part of this standard. Students should be able to access, gather, store,
retrieve, and organize data, suing hardware and software designed for
these purposes.

o Think critically and logically to make the relatsimps between evidence and
explanations.

A Thinking critically about evidence includes deciding what evidence should
be used and accounting for anomalous data. Specifically, students should
be able to review data from a simple experiment, summarize theaddta,
form a logical argument about the cawaseli effect relationships in the
experiment.

0 Use mathematics in all aspects of scientific inquiry

A Mathematics can be used to ask questions; to gather, organize, and present

data; and to structure convincing émations.

Grades9-12:
e Abilities necessary to do scientific inquiry
o Conduct scientific investigations
A The investigation may also requireés
data
0 Use technology and mathematics to improve investigations and communications
A The use of computers for the collection, analysis and display of
dataé. charts and graphs aMathematice d f or
play an essential role in all aspects of an inquiry. For examiplenulas
are used for developing explanations] aharts and graphs are used for
communicating results.
o Communicate and defend a scientific argument
A Students in school science programs should develop the abilities
associated with accurate and effective communication. These include
writing and followingprocedures, expressing concepts, reviewing
information, summarizing data, using language appropriately, Developing
diagrams and charts, explaining statistical analysis, speaking clearly and
logically, constructing a reasoned argument, and responding aiapebp
to critical comments



Mathematicsi Massachusetts Frameworks

Grades 12:

Data Analysis, Statistics, and Probability:

2.D.1 Use interviews, surveys, and observations to gather data about themselves and their
surroundings.

2.D.2. Organize, assify, represent, and interpret data using tallies, charts, tables, bar graphs,
pictographs, and Venn diagrams; interpret the representations.

2.D.3 Formulate inferences (draw conclusions) and make educated guesses (conjectures) about
a situation bagkon information gained from data.
Grades 34, 56:
Exploratory Concepts and Skills:
e Select, create, and use appropriate graphical representations of data, including
histograms, box plots, and scatter plots.
o Compare different representations of theealata and evaluate how well each
representation shows important aspects of the data.
Grades 34:

Data Analysis, Statistics, and Probability:

4.D.1 Collect and organize data using observations, measurements, surveys, or experiments,
and identify appropriate/ays to display the data.

4.D.2 Match a representation of a data set such as lists, tables, or graphs (including circle
graphs) with the actual set of data.

4.D.3 Construct, draw conclusions, and make predictions from various representations of data
sets, includng tables, bar graphs, pictographs, line graphs, line plots, and tallies.



Grades 56:

Data Analysis, Statistics, and Probability:

6.D.1 Construct and interpret steamdleaf plots, line plots, and circle graphs.

6.D.2 Use tree diagrams and other models (&sgs and tables) to represent possible or actual

outcomes of trials. Analyze the outcomes.

Grades *-8:

Data Analysis, Statistics, and Probability:

8.D.1

8.D.2

8.D.3

Formulate questionthat can be addressed with data and collect, organize, spidydi

relevant data to answer them

Select and usappropriate statistical methods to analyze data

Develop and evaluataferences and predictions that are based on data

Describe the characteristics and limipais of a data sample. Identify different ways of
selecting a sample, e.g., convenience sampling, responses to a survey, random sampling.

Select, create, interpret, and utilize various tabular and graphical representations of data,
e.g., circle graphs, Vendiagrams, scatterplots, stemdleaf plots, boxandwhisker

plots, histograms, tables, and chaltigferentiate between continuous and discrete data
and ways to represent them.

Find, describe, and interpret appropriate measures of central tendeiacy (neelian,
and mode) and spread (range) that represent a set of data. Use these notions to compare
different sets of data.

Grades 910:

Data Analysis, Statistics, and Probability:

Formulate questiornthat can be addressed withaand collect, organize, and display
relevant data to answer them

Select and usappropriate statistical methods to analyze data

Develop and evaluaiaferences and predictions that are based on data

10



10.D.1 Select, ceate, and interpret an appropriate graphical representation (e.g., scatterplot,
table, sterandleaf plots, boxandwhisker plots, circle graph, line graph, and line plot)
for a set of data and use appropriate statistics (e.g., mean, median, range, &nd mod
communicate information about the data. Use these notions to compare different sets of
data.

10.D3 Describe and explain how the relative sizes of a sample and the population affect the
validity of predictions from a set of data.

Grades 1112:

Data Analysis, Statistics, and Probability:

e Formulate questionthat can be addressed with data and collect, organize, and display
relevant data to answer them

e Select and usappropriate statistical methods toadyze data
e Develop and evaluaiaferences and predictions that are based on data

12.D.1Select an appropriate graphical representation for a set of data and use appropriate
statistics (e.g., quartile or percentile distribution) to comioata information about the
data.

12.D.2

Sample Lesson Plans

Several teachers participating in Harvard For
lesson plans that include data analysis through graphing. These plans provide further discussion

of educabnal goals and curriculum frameworks. The plans are available online on the Harvard
Forest website.

http://harvardforest.fas.harvard.edu/museum/data/k12/lessn-plans.html

Why Graphs Are Useful for Schoolyard Science Investigations

With data collected in the Schoolyard Science Program, graphs are useful for several reasons.

1. They |l et students fAseed0 their data.

2. They make it easy to observe tthanges that occur between one sampling date and the
next, as well as the overall pattern of changes throughout the course of the study.

3. They allow each student research team to look at differences between their results and those
of other teams in thelass.

11


http://harvardforest.fas.harvard.edu/museum/data/k12/lesson-plans.html

4. They let students compare their results with those of students in other classes, whether in
the same school at the same time, in other schools, or in past years.

5. They may stimulate students to suggest reasons for patterns of change, dfeidocels
in different data sets.

12



3. Understanding Data and Graphs

Chapter Overview:

This chapter covers

Kinds of data sets

Examples from schoolyard studies
Ways to organize schoolyard data
Formatting data

Kinds of graphs

It is relatively eag to make a graph from research data. And it can be easy to draw conclusions
about trends and patterns in the data, and to infer relationships among sample variables from

graphs. Before a graph is created, however, the researcher needs to have a lrasadindeof
the data, what graphs show, and how different kinds of graphs can influence the way the results
appear.

This chapter begins with a discussion of data. We look at ways that field data can be organized,

discuss pros and cons of different datenats, anduggest hovechoolyard data might be

organized in the classroom to simplify the preparation of graphs. We also discuss how individual
kinds of data cain and should be formatted in a data set, and how improper formatting can
lead to problerm when creating graphs.

The rest of the chapter looks at graphs. It starts aviihief overview oflifferent kinds of graphs
and what they showvirhis overview is followed bgomeexamples of graphdeveloped as part of
research carried out by Harvardrést scientistsr created from data sets collected by
classrooms participating in Schoolyard Science stud@iies examples are intended to show a
range of options for graphing data. Bpecific graphswe discuss some of the kinds of

information that caibe observed and look at ways that the graphs might be improved.

The specific information included in a data set and the way that the data set is organized can

Organizing and Working With Field Research Data

have a great influence on the amount of wibiek will be needed to prepare the data for

graphing. Field datéorms, spreadsheets, and computer data bases often contain many kinds of

information. This i
names, specific plotsr organisms that were sampled, and measured results for a number of
study variables.

nf ormati on

may

ncl

ude

Often,data are storeh a way thatmakes it difficult for researchers to read the information, to
observe patterns in the data, or even to identify errors and inentsest in the data set. It is
also difficult to graph many kinds of data as they occur in spreadsheets and data bases.

13
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Researchers routinely take subsets of data from the comprehensive spreadsheets and data bases
where the data are stored, and reorgathieaedata into new formats that make it easier to carry
out analyses, including quality control checks of the data, statistical testing, and graphing.

Kinds of Data Setsi SomeSchoolyard Data Examples

We illustrate some different ways of organizing anelsenting schoolyard research data, below.

The data were collected by students at AfRolalston Middle School, Athol, MA, in 2004

2007i n accordance with the phenol ogy protocol s
Science Progrartseehttp://harvardforest.fas.harvard.edu/museum/phenology.html

Comma-delimited data. Thedatafrom Schoolyard Science studies are collected on field forms,
entered into spreadsheets, and stlechto Harvard Forest for archiving on the computer. The
archived files are saved asi@mmadelimited data setTable lillustrates part of one of these
data sets. It showvike first19 rows of a 312ow datasetthat covers four years of fall pheogly
sampling(the ARM data set).

Table 1. An example of a Schoolyard Science phenology data set in edelimaed text
(.csv) format, as found on the Harvard Forest Schoolyard Science website. The table refpresents
a subset of the fall phenology datt provided by teacher Judy Miller, AtHgbyalston
Middle School, Athol, MA (ARM data set on Harvard Forest Schoolyard Science websitg).
Data are described below.

School,Teacher,Date,Julian, TreelD,Species,Ltotal,Lfallen, Tcolor
ARM,Miller,2004-09-06,2502,CH,5,0,NA
ARM,Miller,2004-09-22,266,1,YB,10,0,NA
ARM,Miller,2004-09-22,266,2,CH,10,0,NA
ARM,Miller,2004-09-22,266,3,RM,5,0,NA
ARM,Miller,2004-09-22,266,4,RM,5,0,NA
ARM,Miller,2004-09-22,266,5,CH,10,0,NA
ARM,Miller,2004-09-22,266,6,WH,10,0,NA
ARM,Miller,200409-22,266,7,RM,5,0,NA
ARM,Miller,2004-09-29,273,1,YB,10,0,NA
ARM,Miller,2004-09-29,273,2,CH,5,0,NA
ARM,Miller,2004-09-29,273,3,RM,5,0,NA
ARM,Miller,2004-09-29,273,4,RM,5,0,NA
ARM,Miller,2004-09-29,273,5,CH,10,0,NA
ARM,Miller,2004-09-29,273,6,WH,10,0,N
ARM,Miller,2004-09-29,273,7,RM,5,0,NA
ARM,Miller,2004-10-06,280,1,YB,10,0,NA
ARM,Miller,2004-10-06,280,2,CH,10,0,NA
ARM,Miller,2004-10-06,280,3,RM,5,2,NA

14
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The data in Table 1 represent the combined results of schoolyard sampling of seven trees in early
fall of 2004 (the full data set covers four years and eleven trees). The data are stored in a form
that isrelativelyefficient in its use of computer space, and at the same time is readily recognized
by many computer programs that are used to store, matepahalyze, and graph data.

What does the data set include®Pata sets stored in this format are organizey
systematically. The data are presented in rows. The first row is a list of words or abbreviations,
separated by commas. The words identfy data that follow in the rows that make up the rest
of the data set.

In Table 1, the topow contains nine words. Each row that follows represents one sample and
contains nine values, separated by commas, identifying (in order)

the school,

the teaber,

the sampling date (entered in the order yeanthday),

the day of the year (Julian day),

the tree that was sampled,

the treebs speci es,

the total number of leaves that were sampledhe tree on the sampling date,
the number of leaves thatchéallen, and

theaveragdeaf-color condition of the sampled leaves

Note that what most people would think of as the actual data of interest, the number of leaves
studiedand information on their condition, are found at the end of each row, aftepsirase
pieces of identifying information!

What rules govern the data?Strict rules govern the datéhe variables inach row
must be entered in the order listed in the top row, and in-dgteemined format. Evempw
must contain an entry for evergnable listed in the top rawvith the entries separated by
commas.

NOTE: In addition to the comm@elimited format shown in Table 1, data can be enteset)
other delimiters such dabs, spaces, punctuation other than a comma, and other indicators
selected by a researcher. The basic data structure remains the same.

If there are no data for one of the variables for a sample, a predetermined code is entered in the
place where the data record would otherwise go. (In this data set, NA indicates Ndedeten
see that there are no coldnrange data available for the sampling dates shiowable 1)

How do vou interpret the data?Without additional information, someone looking at the
data set from the schoolyard phenology study would find it implessilunderstand what the

datasetrepresenB.he t er m (filMiett ardalt lay, idudedtodescileout dat ac

15



explanatoryinformation that is stored somewhere else and that allows researchers to understand
each of the variables mdata setldealy, metadata should define each of the varialtks)tify
measurement unitexplainanycodeshat areused, specify formats used for data endiryd

explain how data were collecteslometimesthere are multiple layers of metadata, with some
informationneeded for data interpretation and other information used for other purposes. For
example, one level might list School Codes and identify the school that each code represents. At
another level, a list of schools might provide information on the schaatiéog grades taught,
teacher(s), projects being carried out, and other details. A third level might include a list of
participating teachers with contact information.

Forthe data shown in Table 1, thest-level metadata include:

e alist of school codeand the associated school names

e alist of the teacher codes, with the name of each teacher, contact information, and other
pertinent details

e an explanation thdahe Datevariablerefers to the sampling date, formatted in the order
YearMonth-Day

e an expanation thathe Julianvariablerefers to the Julian date, thre consecutive day of
the year starting with January 1

e an explanation that TreelD is a code that identifies each of the individual trees sampled
by a classroom research team (additionalrmftion on each tree, including its location,
its size, the student teams studying it, and other pertinent details, may be available in
different metadata files)

e alist ofcodes describing tree species

e an explanation that Ltotal refers to the total nundddéeaves sampled for that tree on that
date

e an explanation that Lfallen refers to the number of sampled leaves that had fallen from
thetreeon the sampling date

¢ an explanation that Tcolor represeatsestimate athe color changéor the entire treen
the sampling date

How do you reada commadelimited dataset? Although this kind of data set is
efficient for data managers, uses computer space effectively, and is easy for computers to work
with, the format isvery difficult for most humans to rea@ommadelimited data sets can be
especially hard to read if there are many items of data in each row, if there are many rows of
data, and if the data do not line up evenly horizontally across the rows or vertically below the
appropriate data labels fad, data sets in this format anet intended to be used directly
Instead pefore working with data, researchers move the data into a format that is easier to read,
such as a spreadsheet.

Spreadsheets Many, if not most, researchers save their fielddatspreadsheets. Table 2
presents the sani® rows of data as Table 1, but tbemmadelimiteddata set has been
downloaded from the website and converted into a spreadsheet (grenedbmmas do not
appear in the spreadshedm)the spreadsheehd daa are lined up in columns beneath the data
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labels, and it is much easier to look at the datapecially the results for le&dll i than in the
delimited text list. Note that the data here look pretty much like the data that you submit to
Harvard Foresat the end of sampling each year.

Table 2. The data in Table 1, converiei a spreaesheet
School TeachelDate Julian  TreelDSpecies Ltotal Lfallen Tcolor
ARM Miller 9/6/2004 250 2 CH 5 0 NA
ARM Miller 9/22/2004 266 1 YB 10 0 NA
ARM Miller 9/22/2004 266 2 CH 10 0 NA
ARM Miller 9/22/2004 266 3 RM 5 0 NA
ARM Miller 9/22/2004 266 4 RM 5 0 NA
ARM Miller 9/22/2004 266 5 CH 10 0 NA
ARM Miller 9/22/2004 266 6 WH 10 0 NA
ARM Miller 9/22/2004 266 7 RM 5 0 NA
ARM Miller 9/29/2004 273 1 YB 10 0 NA
ARM Miller 9/29/2004 273 2 CH 5 0 NA
ARM Miller 9/29/2004 273 3 RM 5 0 NA
ARM Miller 9/29/2004 273 4 RM 5 0 NA
ARM Miller 9/29/2004 273 5 CH 10 0 NA
ARM Miller 9/29/2004 273 6 WH 10 0 NA
ARM Miller 9/29/2004 273 7 RM 5 0 NA
ARM Miller 10/6/2004 280 1 YB 10 0 NA
ARM Miller 10/6/2004 280 2 CH 10 0 NA
ARM Miller 10/6/2004 280 3 RM 5 2 NA

Working with spreadsheets Data in a spreadshemte easy to read, and they can be
sorted and manipulated by a variety of computer programs, as desired by the researcher.
Observe, for example, that the format of the sampling date has been changedhsadtitatis
presented in MD-Y order.

It is easy to insert new columns in a spreadsheet. For example, if you want to perform some
calculations with the data and add the results texisting datasou can do so readily. In
addition, subsets of the dateat are of interest, such as the information on leaf fall over time,
can be selected and copied for use in grapHorgstatistical analysis, or for other purpases

Describing data in spreadsheet data bases.ike the commadelimited data set shown
in Table 1, spreadsheets that contain complex data need to be linked to other data sets that
explain the dataOne or morenetadata pagamay list each of the column headings and provide
information about the variableBata can also be storedfirelationaldatabaseasin which
variables arelectronicallylinked between different data sets. Thus, you might haveahatz
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for the phenology dataimilar to that in Table 1 or 2, and have it linked to a second database
with information on each of the sampledds. The tree code would allow you to move between
the two data bases, to obtain information about the tree from thedmitts data set, and to
obtain data on the field data from the sarrtpbe data set.

Simple data sets For many reasons, schoolgadata sets that teachers submit to Harvard Forest
for long-term archiving include only part of the information collected by the student research
teams. Additional field data recorded as part of schoolyard ecology research protocols can also
contribute tdong-term understanding of the research problem being studied, even if these results
are not currently provided to Harvard Forest!

It is not practicable for many teachers, but for those who can manage it there can b
great educational valuei and potentally great scientific valuei in having individual
student research teams keep track of their own data in simple spreadsheetsd in
looking at these data as well aat the combined summary resultsthat are submitted
for archiving.

This is particularlythe case for phenology studies. For example data set illustrated in Tables

1 and 2 lists all of the variables that are measured on each samplifgr éeteh study tree, as
submitted to Harvard Forest for logrm archiving of Schoolyard Sciencdaldt is a
consolidatediata setwith a combined whokleree value for each variabb@sed orthe data from

all of the branches sampled by the student research .téasnes not include the data from the
individual branches drom individual leaves, and does not include the ofiane measurements
that students make of leaf leng8imilarly, achived data from spring phenology studies are a
composite for the study trees, and they lack the results from the individual buds and branches.

To a greater desser extent, the sarhelds for other schoolyard ecology research projéais
example, tharchiveddata for hemlock woolly adgid abundance are the averagévesd (or

more) branches on one datespEcially if yourfield researclyoesbeyond the linted sampling
specified in the protocol®(g.,if your studentsake multiple measurementgcord information

on plants oranimalsin or nextto vernal pools ostudy streams, or track hemlock woolly adelgid
over time during the school yeaypur studerg 6 f i aré wdorthdamking at in the classroom.

Table 3showsa simple spreadsheiitat might be kept by studentgith autumn leaffall data for

one of the trees in the larger ARM data®eatr the sampling period in fall, 2004. In this data

table informationis providedon the treethe (hypothetical) branclhe teacher, theame ofa
(hypothetical)student teancollecting the data, and the year, ths informationis at the top of

the form andseparaterbm the research datéhe datdablesimply lists the sampling dates and
provides the number of leaves that were sampled and the number of leaves that had fallen on
each dateThesedata are theame as in the composite data set provided to Harvard Haiest
example assumes that the hypattatstudent research team collected all of thefightiata for
chestnut tree #3f one research team sampled one branch on the tree, and another team sampled
a second branch, theachteam could keep track of the data itsrbranch)
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Table 3. A simple table showing lef#fll data collected by a hypothetical student research
team in 2004. Data frothol-Royalstan Middle Schoal

Research Team: CH5
Teacher: Mrs. Miller
Year:. 2004

Branch: 1

Tree ID# 5
Tree Species: Chestnut

Date # of Leaves Observed of Leaves Fallen

9/22 10 0
9/29 10 0
10/6 10 0
10/13 10 0
10/19 10 1
10/26 10 8
10/27 5 4
11/05 10 10

A similar data table could be prepared for the-leafjth data, with one column listing the leaves
individually, and the second column providing the lengteaafhlisted leaf. A third column

could provide the date on which the leaf was obsktedave fallen. An example of how such a

data table might be organized, with no data, is illustrated in Table 4. The students could then

graphl eaf si ze in relation to t thedaleeftedffalbvs.posi t i o
leaf size to se if there are any relationships. This would be especially interesting for the data on

all leaves from the whole class, separated by tree species, or not.

Data organized this way are easy to look at, are ready to be manipulated, and can be graphed

with little additional modificationIndividual students or research tearastrack their own

research results and make graphs or carry out dédtailedanalyses of thedata.lt is also easy

fort he students to compare dddeir findings with

For forest tree phenology data, comparisoight be across research teams, different individuals

of the same tree species, different tree species, individual leaves or buds, or multiple branches.
Students following the hemlock woolly adelgid migbthtpare adelgid abundance thie

different branches that are sampled on eachitrabfferent trees, and over tinieor even

variations in counts of the same branch by different teams or individiatents looking at

streams or vernal pools could compavater levels in different parts of a stream, or

measurements of pool water depth made by multiple teams on the same date, or pool diameters
along different dimensions of a paelative towater depth, ohow observed animadtiffer

among samplesr ove time, how water and air temperature vary over time, or how water
temperature varies with water depth
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Table 4. An example of simplespreadsheethowing howstudentesearch teams might
record dataheycollect on individual leaves during fall phenglosampling.

School

Teacher

Year

Research Team
Tree Species

Tree ID
Branch ID
Leaf # | Leaf length Date of length E;éi;ngﬁr}rlgif
measurement branch
1
2
3
4
5
6
7
8
9
10
11
12

NOTE: Individual Field Data Setsare Important! Field data recorded as part of schoolyard
ecology research protocols can be very valuable fortemg understanding of the data, even if
these results are not currently provided to Harvarég$ttor long-term archivingYou may find

that if you have your students keep track of tbain data you will end up with the ability to
document interesting patterns of variation. Some of the data may lend themselves to individual
student researgbrojects, especially for older studentghen the class examines the individual
data that are not submitted to Harvard Forest, but that are collected in accordance with the
research protocols, they may find patterns and gain insights into the reseatatngubat are

not readily apparent from the combined data set.
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Deciding How to Organize Your Data

So, whats tiwsy totorigamizéstidelyad Science data? The answer to this question

depends on the nature of the data, the kinds of usessbarcher hopes to make of the data, the

amaunts of data that are generagtadd whether the data need to be archived for a long time.

From a teaching perspective, data formatted like the classroom data in Balbhe Dther

options described abowanbe made ready for graphing more readily than the more complex
Schoolyard Science data set shown in Tables 1 and 2. It is easy for students to put together a data

set in this format, and it is easy to create simple graphs from data that are organizedany.th

Individual student research teams might want to use a data file like this to record and track the
results of their weekly sampling trips to a study tree. The combined data for a class, if several

research teams are looking at branches on a trelel &lso be organized using this kind of

format. However, this format does not lend itself to complex data, especially when multiple trees

or branches are being studied.

All of the longterm and shosterm scientific data generated from research by Hédrivarest

scientists, are archived in the comdelimited format illustrated in Table 1. When scientists at
the Forest, or researchers from outside, want to use a data set, they typically download the data

and convert it to a format comparable to thasiilated in Table 2, and tharork with the data
to modify the results anelxtract the parts of the data set that they want to work with.

To the extent that schoolyard studies are

research on the phdogy of forest treegsexpansion of the hemlock woolly adelgid, and water
level variations in vernal pools and headwater streamd especially considering that we hope
that some schoolyard data sets will end up providing-teng data, it is critical thave the
Schoolyard Science data archived in a format that

is consistent across the many groups collecting data,
allows data from multiple sources to be merged together readily,

A

can be worked wiit efficiently by data managers and researchers using a variety of
computer programs.

This meanshat Harvard Forest needshawe data sets that include all of the codes for school,
tree, and the likegrganizedor maximum efficiency i.e.,as commaddimited data sets like
Table 1.

The more complerata structureslustrated in Tables 1 and 2 allow the data sets to include

information onmanytrees, and to include multiple years of data. It is easy to add more trees, and
more sampling datésand een to add data from other schools. Such data from other classes can

does not overload the computerodés storage

nt

c

be downl oaded easily by teachers for comparis
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Data Formats

When you enter information into a computer, it has a fothaitthe computer is instrigg to

recognize, and that has certain propertsesne formats for data include text, date (in various
forms), percent, general number, currency, scientific notation, and fraction. The format used for
some kinds of data is very importaRtr example, waoted on pagé5 that in the data sets

archived on the Schoolyard Science website, the sampling date is entered in the order Year
Month-Day. The computer has been instructed to recognize information entered into the Date
column as a date, in that partiautader. Sometimes, when research data are entered into
spreadsheets, the formatting is not correct, and sometimes, when data are transferred from one
location to another, the formatting can be lost. In either case, problems can arise when you try to
graphdata that are not formatted properly.

In general, numbers should be formatted as numbers, text as text, dates as dates, and so on. Most
computers are quick to recognize text, numbers, and dates, but sometimes you will get strange
results, with the compet changing the information you entered into something kelseich

instances, you need to check the format using the procedures appropriate for the goth\aee
using.Chapter 3iscusgsof how to evaluate and manipulate daad itaddressesome

potential formatting problenthat may occur when you are preparing data for graphing.

Kind s of Graphs

There are many kinds of graphs. Most computer graphing programs provide many options. Some
examples include bar graplmse grapls, scatter plots, beandwhisker graphs, and line graphs.
How do you decide what kind of graph is appropriate for your data?

The decision as to the type of graph to make depends on several factors. Graphs are designed to
help you understand your data. The kind of graph ¢écdepends, in pamn the nature of the
data themselves, and in part on kitveds of questions you are asking

First, you need to understand your d&ta.you have categories of information, or numbers? Are
you looking at individual components of a degvhole, or do you have many separate
measurements you need to display@ your measured variables organized in relation to some
kind of numerical scale, such as time, space, or the abundance of another variable?

Second, you need to think about yourgmse in graphing the dat&/hat are you trying to show
with the graph? Are you looking at how an environmental or biological factor changed over
time? Many of the data collected according to the School$areince protocols look ahanges

in a measuredariable over time. Does your research examine how sometaireyl along a
gradient of distance, elevation, or other quantified variable? Do you have specific sets of data
you are trying to compare with each other?

Different kinds of graphs are useful faresenting different kinds of information. Within most
broad categories of graphs, researchers can choose details of how the data are displayed. The

22



choice often comes down to a determination of which format shows the information most
effectively, and igeally a matter of personal preference.

Some kinds of graphs are not appropriate for presenting some kinds of data. For example, a line
graph linking leaffall percentages ifour different trees on the same date would not be
appropriate, because thedisuggests a trend or a relationship that does not ¥ristmight

want to comparéhetrees using dar graphinstead ¢ee Figure 1).

Figure 1a shows the dates of last leaf fall in the four trees presented as points connected by a
line. This suggesta trend or relationship between the trees. It is hard to think what such a
relationship might be.

In Figure 1b, the same data on the last dates of leaf fall are compared using a bar graph. This
graph illustrates a pattern (some trees dropped their leavigsr than others) without suggesting
that there is a connection between the data for the different trees.

a. Line graph not appropriate b. Bar graph appropriate
Date of last leaf fall in four trees, Date of last leaf fall in four trees,
2005 2005

11/25 11/25
11/15 11/15 -
11/5 - 11/5

10/26 10/26
10/16 - 10/16
10/6 10/6 J l
9/26 T T T 1 9/26 T T T
RM7 RM3 WHé CH5

RM7 RM3 WH6 CH5

Tree Tree

Figure 1. Two graphs showing the datieen the last leaf fell for four study trees in 2005.

On the other hand, several of the examples and exercises presented later show lines connecting
the leaffall results for an individual tree over time. This is entirely appropriate, because there is

a finite number of leaves sampled in any given year, and they only fall in one direction (that is,
there candét be an increase in the number of
to the next within a single autumn season). Similarly, i beuseful to connect data showing
measured phenology events, such as the date when all the leaves had fallen, for a single tree over
multiple years, because one of the questions that the research study is asking is whether there is a
long-term change ithe timing of leaf fall.
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We provide a brief summary of several different graphing options below. Examples are taken
from research carried out by scientists at Harvard Fd@siphs of Schoolyard Science data are
presented separately in ChapterFgr mae information on how different kinds of graphs are
used, and for illustrations of the different graph types, you may want to check the following
websites:

Choosing a graph:
http://www.graphicsserver.com/com_products/choosing_a_graph.aspx
How to choose which type of graph to use?
http://nces.ed.gov/nceskids/help/user_guide/graph/whentouse.asp

You may also find it both useful and interesting to look at the publications of Edward White,

taught political science&omputer science argfatistics at Yale and has becokm®wn for his

insightful publications on graphs and chértnd especially, on wa that poorly designed and

presented graphics can lead to poor decision making and confusion (some key references are

listed below). Among his recommendations are to include all the data, to integrate the graphics

with the words, to make comparisons,®@bc | ear about sources of the
truth. o

Some of Tufteds key publications include the

Tufte, Edward. 1983, 200The Visual Display of Quantitative Informatio@raphics Press,
Cheshire, CT. ISBN 0961392142.

Tufte, Edward R1990.Envisioning InformationGraphics Press, Cheshire, CT. ISBN
0961392118.

Tufte, Edward R. 199¥isual Explanations: Images and Quantities, Evidence and Narrative
Graphics Press, Cheshire, CT. ISBN 0961392126.

Simple Graphs

Some graphs simplyreak a data set into component pdrtsuch graphs, bars, circlesi p i, e s 0)
or other shapes reflect the proportional relationships of the data that are being graphed.

The aguatic macroinvertebrate community in a vernal pool. Dr. Betsy Colburn has ke

carrying out longierm studies of the aquatic invertebrate communities in vpowsi

temporary ponds that are important habitats for a variety of aquatic animals that cannot withstand
predation from fishFigure 2presentswo examples of a pie grapllustratingthe broad

distribution of different groups of macroinvertebrates vernal pool sampled #pril, 1996.

The graphs show that in early sprithg@ poolwas dominated by crustaceans, with copepods,

water fleas, and fairy shrimp accounting fioore than 90 percent of the animals collected. Of

the aquatic insects, only mosquito larvae were present in any numbers.
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Figure 2 Two pie grapls illustrating the omposition of the aquatic macroinvertebrate
community in vernapool #1, Eastham, MAApril, 1996.Source: Colburn, unpublished data.

B copepods

m water fleas

m fairy shrimp

B water beetles

B mosquito larvae

m water bugs

worms

The graphs are essentially identical, except that one is shown as an intact circle subdivided into
segment s ooEacliglide gpropgottional # she abundanceadifferentgroup of
animalsbut in the righthand graphthe pie slicesre separated slightfypom one another. In the
exploded pie on the right, the single water beetle and the two water bugs are more readily seen
than in the intact pie to the left. Some peophe it easier to visualize the parts of the whole in

the intact chart.

In general, when graphing research datehether in simple graphs or more complex graphs
with multiple axe$ the choice of graph details is up to the researcher and dependsan part
personal preference and in part on the specific details that the graph is designed to illustrate.

Graphs With X and Y Axes

Most of thegraphsused byresearcherdisplay data along two axes horizontal X axis and a
vertical Y axis.Common kinds ofraphs with more than one axis include scatter plots, line
graphs, and many bar grapEsch axis represents a variable of interest, andgréqghedlata
showthe intersectiosbetween the two variables. Every point on the graph represents one value
of X and one value of Y.

NOTE: Sometimes graphs have a third axiswBjchis perpendicular to the other two and
represents a third variabM/e do notdiscusgyraphs with more than two axes in this manual.
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The X axis. Variables shown on the X axigry in a way that is consisteand predefinecand
thatresearcheranderstanddefine,or even controlFor this reason, the X axis is sometimes
described as represen(imgtudyhe Aindependent va

In some graphs, the axissimply presergcategories of sampleBor example, in schoolyard
data sets the X axis might be divided to show diffesehbols or classestudent research teams,
individual treestree species, branchdsaf-color classes, vernal pools, pest speasjples,

and soon.

The X axismay also represenhandependentariable that changes in somensistentvay. In
long-term research studies, including the schoolyard data sets, the dhayiaphsommonly
represents timesome oher X-axis variables might includeraor water temperature, elevation,
sampling effort, level of hemlock woolly adelgid infestation, leaf,sizaer depthi it just
depends on the questions being asked by the researchers.

The Y axis.The Y axis represents the range of values that weasuned fothe variable(s) of
interest along theange of categories @alues of X.t is possible to have multiple Y
measurements for a givenaxis value or there may be a single Y for each X.

You will someti mes see t Ineefeterce tmthdiYdagip Althodghnt v a
the Y variable is measured or presented in relation té then d e p X axd ganiables, the

measured Y variable is not necessarily dependent on the X axis variables in the sense of a cause
effect relationshipin fact, in ecological studiegraphs showinguch direct dependent

relationship are not terribly commarwWe therefore prefer not to refer to the measured Y values

as Ndependent variables. o0 More thoughts on ho
provided in the next section.

In the schoolyard phenology studies, the Y valoadifferent graphs mightepresent the number
of leaves fallen, percent of leablor change, extent of bud opening in spring, length of leaves,
number of days in growing seasalate of first leaf fallair temperature, and so on. In other
studies, the Y variables might include water deptinl diameterneedle infestation by woolly
adelgids, branch growth, number of ants, amount of raimathber of kinds of plants or
animak, and so on there is a nearly infinite variety of variables that can be measured,
depending on the study being conducted!

Interpreting t he graph.In a graph with X and Y axes, the data points represent the intersection
between the values on the X avidixes.ldeally, by graphing the data we will be able to

visualize patterns in the data. If the variable represented on the X axis and the measured
variable(s) plotted along the Y axis are related to one another in some way, a pattern may be
visible in the graph. In general, the amount of variability in the measured Y values relative to the
X values can provide some information on how tightly the two variables may or may not be
related.
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There are no hard and fast rules about how much information to shawigen graph
However, consider the following.

1. Are there some logical or explainable relationships that justify putting different kinds of data
together in the graph?

2. Are there patterns you want to illustrate with the graph?

3. Will other peop who look at the graph to be able to makeseef the information?

In addition, you should be sure that you are presenting all of the data so that the data can speak
for themselves.

There may be multiple values of Y for anyBor examplein a study éleaf-color change in

forest treespna given sampling date X there is a value for leaf color, Y, for each branch that is
sampled, and there is also a composite-d¢eddr value Y for each treé classroom could

choose to make graphthatshows all of the individual values, the composite valuethe

individual and composite valuésr each sampling dat&he student research teams could also
graph the data for their individual branchassimilar choice is available when graphing léaif

datai agan, there is aneasurement déaf fall for eachbranchand a composite Y ledéll value

for the whole tree. If several branches or trees are sampled on each date, there are likely to be
multiple values for leaf color and/or leaf fall on at least some kadgtesSimilar options are
available for research teams looking at water levels in different reaches of a study grtoegs
making multiple measurements of the depiiameter or temperaturef a vernal poqlstudents
studying hemlock woolly adelgidfestation on different hemlock branches, and so on.

Il n some cases, the values on the Y axis are i
changes in Y areaused bychanges in XThe simplest examples are seen in the physical
sciences. For exart® if you heat a container of water, the water temperature (the measured
variable, which would be plotted on the Y axis) would be causéddog would vary in a
predictable way withi the amount of heat applied to the container (the independent variable,
which would be shown on th¢ axis).

In ecology, relationships between measured variables and the independent variables are usually
less clear. Often the X and Y variables ngayary i that is, they botlchangan a consistent

way in relation to each bkrin response to sonexternal factdis)i but neither variable is
causingthechangesn the otherlt is often possible to test the strength of the relationship

between the variables statistically. One of the great challenges in designing ecolsgeaaire
studies lies in trying tdistinguishout causeeffect relationships

I n other cases, the Y values are fiindependent
axis represents three different groups of students who are samplitgli@athanges, and the Y

axis represents the percent of leaves that have changed color, the observed changes in leaf color
are not caused by differences in the students doing the sampling. (At least, we hope that is the
casé)
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Scatter Diagrams or Scatter Plots

Scatter diagrams plot two sets of data against each other. The data can be related to each other,
or they can be independent. Scatter plots are
if they dondot bel ong mastofathe schaolgaldeatasme colleettook F o r
at changes in measured variables over time, with the sampling dates differing from one year to

the next, and with the intervals between sampling dates in each year not always constant. Scatter
plots allow the di to be graphedJost of the graphs made through the haod®xercises are

scatter plots

Scatter plots are very useful because they let you loak aftthe actual data you collected. It is

often possible to observe patterns and trends simply bynigpak the way the data points are
distributed in the graphDepending on the kinds of measurements being madecan
sometimesonnect thalatapoints with a line to show the patterns in the data more cl&dnriy.

can be patrticularly useful when yoreanaking repeated measurements over a period of time,
because thines connecting the datanhelp illustrate an overall treridbut it is important to

be sure that the gaps between sampling dates do not hide information that would make the trend
illustrated by the line incorrect.

Also, be sure not to confuse the patterns that may be illustrated by a line that connects data
points, and causeffect relationships between the X and Y variables.

Scatter plot of age andsize oftrees on Wachusett Mountan. Figure3 is astraightforward
exampleof a basic scatter plolt presents some data from a study of the age of trees on
Wachusett Mountain in Central Massachusetts.

Dr. David Orwig measured 63 trees, cored their trunks, and counted the growti hegsaph
plots the age thus determined against the tree diameter, and it uses different markers to
distinguish individuals of the different species sampled.

This graph shows quite a bit of information in a tidy package. We can see that there was not a
very large range of diameter in the study trees; that trees of the same diameter ranged in age
from almost 300 years to about 125 years; that the youngest tree sampled wasyear D

hemlock; that most of the trees were more thanyEz0s old (thermalysis showed that 40% of

the trees were older than 200 years); and that hemlocks and red oaks span a wide range of ages,
while white pines show only about a-g8ar variation in age.

Note that the units on the X axis represent the year when the tted stagrow, based on
subtraction of the number of growth rings fro
age, 0 also makes it clear that the age was de
(identified in the report as close to thegnd at a height of approximately 30 cm). A researcher

who counted growth rings in a stump cut off flush with the ground, or higher up the trunk, might

get a slightly different result.
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Figure3. Coring height ages versus diameteatiehship of trees sampled within the lower
western slope of Wachusett Mountain (n = 63). Graph from Orwig, D. 200dvaluation
of the western slope forestE\Wachusett MountairReport submitted to the Massachusetts
Department of Conservation and Recreation, Commonwealth of Massachusetts.

(* Ed. note: fACoring height ageo is eqluivale

A longterm study of spring and fall phenologyDr . John OO0Keefe has beert
emergence and leaf drop in forest trees at the Harvard Forest for 18 years. His research follows
individual trees, and his sampling protocols are similar to those described in the Schoolyard

Science protocols. Figurdsand5 illustrate somef the data.

Figure 4 graphs phenology data from both fall and spring for four tree species. The year of
sampling is on the X axis, and the date (presented as day of year, or Julian Day), is onshe Y axi
The graph shows the fall dates wherpge®cent of leaves had fallen, and the spring dates when
50-percent of buds had opened and when the leaves on the study treeschad an average of
75-percent of their final siz€Each data point is the averagdue for several trees.

Looking at the graph, we can see several patterns in the data. There is greater variability in the

date of leaf development thanthe timing of leaffali a| most a mont hds vari at
when leaves had reached 75 petadriheir final size in all four species! The oaks have always

lost their leaves later than the maple and birch, with red oak consistently losing its leaves later

than white oak. In the spring, buds have started to break later in white oak than irethtree

species, but the timing of bud break and leaf development in red oak relative to the other species

is less consistent. There appears to be a slight trend in tHalleddta suggesting slightly later

dates of leaf fall over time.
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Figure4. Patterns ofpringleaf emergence and autumn leaf fall in four tree speci
at the Harvard Forest, Petersham, MA, USA, 12006.Data points represent the
mean of measurements from multiple indivads of each specie&: rubrum N = 5;
Q. rubra,N =4; Q. alba,N = 3;B. alleghaniensid\ = 3. Graphcourtesy oflohn
006 K e, Eldrvard Forest.

Environmental information and the results of phenology measurements are fugétein

Figure 5 This allows leafall data (the pink line) to be looked at in relation to the date when the

first frost occurred each year (darkielline). The graph differs from Figure 4 in that, instead of
representing leaf fall in a single tree or a single species, the data are an average of all of the trees
studied continuously over time. The graph also shows ay&ae running average for tlday of

the year on which half of the leaves had fallen from the study trees (the yellow line). The running
average helps to smooth out some of the-y@gear variation, and it can be helpful in

evaluating whether there is a trend in the data towardceearliater leaf fall. In this graph, the
running average appears to show a general ti
carried out statistical analyses of the yearly data for leaf fall and date of first frost, the results
indicated that therevas a trend toward a later leaf drop of about five days over the course of the
study.
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Notice that in both of these graphs, the measured variable represented on the Y axis is the date
when a certain environmental or phenological event occurred, preseriday af the Year

(Julian Date). This is in contrast to many of the graphs of schoolyard data for leaf fall and leaf
color change, in which the date is on the X axis as the independent variable.

Note: These graphs and some of the associated data, as \&dtitional information on the
broader phenology research project, can be viewed on the Harvard Forest website:
http://harvardforest.fas.harvard.edsp/hf/symposium/showsymposium.html?id=179&year=200
6. A poster on this researchith additional graphs and explanatiocan be found through
http://harvardforest.fas.harvard.edu/museum/daipresentations.html

310
200

230 -

r— g
280 /'\

f\ —+— 15t frost

270 -—*\ / - —=— 50% fall

260 ;/ Ay avyg fall

250
240
QSD I I I T I I I I I I I I I I

AN
F & &P & P S P

Day of Year (Julian Date)

Year

Figure5. Longterm pattern of ledfll in trees studied at Harvard ForeBgtersham, MA,
1991-2005. 1stfrost = date when first frosbf the year was recordedthe Harvard Forest
meteorological station. 50 % fa# date when half of monitored leaves had fallen from
study trees. 5yr avg falt date when half of monitored leaves had fallen from study,treg
averageaver the fiveyear period preceding and includirgetstudy yearGraph courtesy of
John O6Keef e, Harvard Forest.

5t, Mar

Variations in stream discharge over timeDr. Emery Boose is investigating the hydrology of a
small watershed at the Hard Forest. This research includes a lemgn study of discharge in
Bigelow Brook, a small headwater stream, in relation to local weatherfdomgclimate

patterns, and forest ecologyutomatic data recorders collect data aimifiute intervalsFigure

6 shows variations in streamflow and air temperature fromMaicth through the first week in
August, 2008. Figure 7 shows a small subset of the stream discharge data froral8)lgld8g
with data on solar radiation, air temperature, and soil teryera
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The upper part of Figure 6 shows daily temperature fluctuations and the gradual trend of
increasing temperatures from early spring to-suchmer. The lower part of Figure 6 presents
stream discharge at the stream gauge on upper Bigelow Brook &artteetime period. We can

see that the base flow remanelatively constant at around 10 liters per second from March 10

to the middle of April, with occasional shddrm increases in response to snowmelt and
precipitation eventénot shown on this graphand then stasto decline around day 100 (April

9). The spring declinm base flowoccuss at the same time that air temperatures go above
freezing, a point when we know, from other research, that hemlock trees start photosynthesis.
The forest is thustarting to withdraw more water from the soils, and less groundwater makes its

way underground to the stream channel.
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Figure 6. Stream discharge and air temperatudpper Bigelow Brook, Harvard Forest,

210

Two other things should be noted on the graph. First, there are measurable daily fluctuations in
flow, associated with the forest actively removing water by evaporation and transpiration.
Second, the flow in this stream varies nearlyausiandfold from the minimum to the maximum
recorded, and the Y axis is shown on a logarithmic scale so that the patternglawow

discharge can be seen.
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This graph is a typical example of how researchers can preserielomglata on environmental
variation over time. It also illustrates how the scale of thex¥ may need to be varied to show
certain kinds of data.

In Figure 7, five days oflataaregraphedn greater detail than in Figure Stream discharges
shown in regdalong with solaradiation (black), air temperature (blue), and ttmperature

(green) Data are collected at A&inute intervalsWe see the daily patterns of temperature
increagng and decreasg, the suflight rising to a peak at midday and setting to a dark night, and
streanflow increasing and decreasing in responseitbdrawals by the forest and evaporation
and to inputs of rainfall. We also see that the peaks of the different measured variables occur at
different times of day. Note that solar radiation is decreasethy 196 (July 14), indicating a
cloudy day Temperatures are correspondingly depressdl a greater effect inir thanin soil.

In contrast, seam discharges higheron day 19@ecaus€1l) forest treephotosynthesize less
undercloudy conditionsand hencéheywithdrawless watefrom theground (2) evaporabn is
lower dueto thelower sunlight and lower temperatures, ambst importantly(3) rainfall (not
shown heretausedaninitial increase irdischargdollowed by a highethanusual minimum

daily flow, as the rairthat hadfallen gradually made its way tihe stream.

0 solar radiation
0 stream discharge
0 air temperature

soil temperature

Relative value of measured variable

195 196 197 198 199 200

Julian Date

Figure 7. Relationship@amongsolar radiation, air temperatuis®il temperatureand fream
discharge in upper Bigelow BrooKarvard Forest, Petersham, Méyer fve days in July,
2008.Graph courtesy of Emery Boase
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Note that the Y axisn this grapldoes not show units of measurement; it simply reflects relative
scales for each of the four measured variables. A final version of the graph would provide axis
scales for the different parameters shown.

Comple data such as those shown in this graph, along with information on precipitation,
humidity, evaporation, and a host of other factors, are analyzed statistically by computer
programs, but graphs are very useful in explaining the relationships among theanahles
that influence discharge in forest streams.

Line Graphs

Strictly speaking, line graphs are used to illustrate trends. Scientists often use mathematical
equations to Afito a |line to dat ahowaealosathet hey
data actually are to the line. This can be useful in figuring out whether the X and Y variables are
related to each other. As noted above, though, you can connect data points together with a line to
illustrate patterns in your data. Just laeetul that the lines are not suggesting trends or causal
relationships that are not really clear from the data (as illustrated in Figure 1a), and be careful as
well not to infer causal relationships when the data do not allow you to draw those conclusions

Bar Graphs

Bar graphs or bar charts are typically used to compare different values or amounts to one
another. You might use a bar graph to compare the date of leaf fall for different trees, to compare
leaf-fall dates for a single tree over tifme describe water levels in water bodies, or to display

the abundance of hemlock wooly adelgi&everal examples of bar grapsfsschoolyard

science datare presented in Chapt&rBar graphs come in a variety foffrmats

Aquatic macroinvertebratesin a vernal pool on different dates.Figures 8 and9 use stacked

bar graphs t@ompare the macroinvertebrate community composition of a vernal pool in April,
shown above in Figurg, with the community observed two months later, in June. Both figures
start withthe same data set, but Fig@ases the raw numbers of animals collected, and Fiyure
transforms the results into a percent of the total sample.

Although the same data are used in both graphs, the information we obtain from the two graphs
is somewhatlifferent. The bars in Figure 8 emphasize the decline in the number of animals
collectedi the June sample numbers were much lower than in April. The composition of the
community also changed, but the details of this change are somewhat difficultrid-spare 8.

The changes in the proportions of the different taxa are shown more clearly when the data are
graphed as a percent of the total population, as in Figure 9. The crustaceans that dominated the
pool in early spring were mostly absent in Juneudaf insects made up the majority of the

animals present in the June sample. Water lirggonflies, and damselflieshich wererare or
absenin April, had become an important part of the aquatic community in June.
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N =376

Figure8. Stacled bar graphs comparimymbers obquatic macroinvertebrates collecied
vernal pool#l in April and June, 1996. Source: Colburn, unpublished data.
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Figure9. Stacked bar graphs showing perceshposition ofthe macroinvertebrate

community in vernal poo#l in April and June, 1996April: N = 376. June: N = 68. Source:

Colburn, unpublished data.
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