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ABSTRACT

This article describes two web-based tools for teaching den-
drochronology, the scientific study of tree rings, and presents
quantitative evaluations of their value in a large class. Because
of its wide scientific applicability, dendrochronology is appro-
priate for teaching in a wide array of courses, including those in
the fields of natural resources and life sciences. Until recently,
professors have not had quick and efficient ways to teach basic
tenets of tree-ring analysis, including crossdating. One strategy
is to apply technological tools, especially the World Wide Web,
to teaching topics such as dendrochronology generally and cross-
dating specifically. To fill this need, I developed a Java-language
applet simulation for teaching crossdating by skeleton plotting.
I also compiled a web-based module on forest fire management
in the Southwest, a real and current environmental issue that in-
corporates dendrochronology. To evaluate the effectiveness of
these web-based teaching tools, they were used in a large course
and the students were then surveyed and tested with multiple-
choice and true-false questions covering the topics of crossdat-
ing and forest firemanagement. The crossdating applet package
resulted in substantial comprehension of what was a new concept
for most of the students. The southwestern forest fire manage-
ment module also resulted in significant improvement in un-
derstanding of that complex environmental issue. I welcome
other educators to use these web-based tools, currently available
here: http://www.ltrr.arizona.edu/skeletonplot/introcross-
date.htm (verified 10Oct. 2002) and http://www.ltrr.arizona.edu/
~sheppard/swland/swfire.html (verified 10 Oct. 2002).

TWO WEB-BASED TOOLS for teaching dendrochronology
were recently developed and then implemented and eval-

uated at the college level. This article describes these tools in
detail and presents quantitative evaluation of their value in
class.Dendrochronology, the scientific study of tree rings, has
been applied in many fields of research, including climatol-
ogy (Fritts, 1991), geology (Jacoby et al., 1988), ecology
(Fritts and Swetnam, 1989), environmental sciences (Lewis,
1995), archaeology (Dean, 1969), and even forensics (Jozsa,
1985). Because of its wide applicability, dendrochronology is
appropriate for teaching in a wide array of courses, including
in the fields of natural resources and life sciences.
Until recently, professors whomight have included at least

a unit on dendrochronology in their courses have not had
quick and efficient ways to teach basic tenets of tree-ring
analysis. Teaching crossdating, for example, has required mi-
croscopes, various lab supplies, and actual wood specimens.
One alternative to this is applying technological tools, espe-
cially the World WideWeb, to instruction (Young, 1998). In-
corporating the web into instruction enhances student learn-
ing in the following ways (Czerniak et al., 1999):

� Web-based instruction promotes active rather than passive
learning (Carr-Chellman and Duchastel, 2000).

� Web-based modules allow for continuous evaluation and
quick modification (Whittingham and Campbell, 1999).

� Web-basedmaterial is available to students all the time, un-
like libraries or instructors (Carr-Chellman and Duchastel,
2000), and students can work on their own schedule and at
their own speed (Pelton and Pelton, 1998).

� Computer-based teaching helps students gain both knowl-
edge (i.e., information that can be recalled) and under-
standing (i.e., the capacity to apply concepts to real and per-
tinent situations) (Hill et al., 1998).

WEB-BASED TEACHING TOOLS

Crossdating Applet Package
(http://www.ltrr.arizona.edu/skeletonplot/
introcrossdate.htm; verified 10 Oct. 2002)

For teaching crossdating by skeleton plotting, I wrote a
Java-language applet simulation program with the goal that
it be as realistic as possible. Simulation is a particularly good
use of computer-based teaching (Hill et al., 1998; Scherly et
al., 2000). Each time the applet is executed, a new virtual tree-
ring increment core sample is created using random numbers.
The core sample has two-tone rings, simulating the light-col-
ored earlywood and dark-colored latewood that is typical of
annual rings of conifers (Fig. 1). The default setting is for six
decades of rings, which is enough to crossdate samples con-
fidently. Every 10th ring is automatically dotted and numbered
to aid in correctly counting the rings.
Typical samples are too long to be seen in their entirety on

computer screens, but the sample can be dragged left and right
with the mouse, allowing the user to see all rings. The view
of the rings can be magnified with buttons that zoom the
image in or out, allowing confirmation of very narrow rings
at high magnification or a larger field of view at low magni-
fication. This reflects reality in that crossdaters constantly
change the magnification of their microscopes to accommo-
date wide and narrow rings.
The engineering graph paper typically used in real skele-

ton plotting is simulated in the applet (Fig. 1). As with the core
sample, the graph paper can be dragged left and right and the
view of the graph paper can be enlarged or reduced.
The core sample is skeleton plotted by making marks on

the graph paper to represent distinctive rings (Fig. 1). For ex-
ample, vertical marks are made on graph lines representing
particularly narrow rings�the narrower the ring, the longer
themark.With the applet, the user puts the cursor over the cor-
responding graph line at the desired height and clicks once to
make a mark. If a mistake is made, it can be removed by
switching the cursor to an erase mode. For exceptionally
wide rings, a small-case b, indicating big ring, can be added
to the skeleton plot. A few bmarks help confirm crossdating,
but the important marks for crossdating are those represent-
ing narrow rings. A key point is that not all rings are marked,
as most rings are average and therefore do not merit anymark
on a skeleton plot.
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After skeleton plotting the sample, a datedmaster chronol-
ogy, which is a time series of dimensionless index values, is
used for finding the year dates of the sample (Fig. 1). Themas-
ter chronology is six times longer than the sample, and the
sample crossdates somewhere within the master. The master
chronology can be dragged left and right and is also resizable.
To find the crossdated position of the sample, the master

is dragged left and right until the mirror image pattern of ver-
tical marks in the skeleton plot is foundwithin themaster (Fig.
1). No other portion of the master will match the skeleton plot
as well as the correct position. Once the correct position is
found, the core start date is the master chronology year cor-
responding with the first line of the skeleton plot, and the core
end date is the master chronology year corresponding with the
last line of the skeleton plot. These dates are checked by
clicking the Answer button to alternately show or hide an an-
swer panel (Fig. 1).
The default settings of the applet generate a sample that is

reasonably easy for beginners to succeed at crossdating. Three
settings can be changed to make more difficult crossdating
problems�sensitivity, number of rings in the sample, and po-
tential occurrence of ring-growth anomalies. One, sensitivity,
defaults to high sensitivity, which is high year-to-year vari-
ability (Fritts, 1976). This can be changed to complacent,
which is little year-to-year variability. As interannual vari-
ability diminishes, there are fewer distinctive rings to skele-
ton plot, making it more difficult to find amatch with themas-
ter chronology.
Two, the number of rings in the sample can be changed. Re-

gardless of its sensitivity, a short sample has little opportunity
to display a distinctive pattern of ring widths and is therefore
difficult to crossdate. As sample length increases, the chances

of successfully crossdating improve. It is especially important
to have more rings available when crossdating a complacent
sample.
Three, the potential occurrence of ring-growth anomalies

can be turned on.Missing rings are when a tree simply did not
grow a ring for a year due to unfavorable environmental con-
ditions such as a drought (Fritts, 1976). False rings are when
a tree grew two rings during a year due to environmental
conditions favoring ring growth during two periods of the
growing season separated by an unfavorable period (Leavitt
et al., 1998). In the default setting, missing and false rings are
not drawn in the sample. Clicking on these ring anomalies
means only that they might occur in the sample, not that they
will occur. AHint button showswhether or not ring anomalies
have occurred in a sample, and if so, then the Answer button
includes their dates.
The crossdating tool also includes a suite of 11 web pages

that define, describe, and explain crossdating by skeleton
plotting. Some pages have smaller applets to prepare users for
the crossdating applet. These pages are presented in order by
using Next and Previous links so they can be viewed sequen-
tially. They also have links to all other pages in the package
so they can be viewed in any order while going back and forth
to the applet.

Southwest Forest Fire Management Module
(http://www.ltrr.arizona.edu/~sheppard/swland/swfire.
html; verified 10 Oct. 2002)

With the crossdating applet package completed, I compiled
a web-based module of materials pertinent to the environ-
mental issue of forest fire management in the Southwest. This

Fig. 1. Web-based crossdating applet. The rings of the core sample and the time scale of the graphs both progress from left to right. The tree-ring sam-
ple, skeleton plot, and master chronology and its skeleton plot can all be moved horizontally.
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issue is excellent for student writing assignments because of
its realism and complexity (Surry and Land, 2000). Forest fires
are major news items and dendrochronological crossdating
shows that fire patterns of the past were quite different from
patterns of today (Swetnam and Baisan, 1996). This compar-
ison allows discussion of how and why fire patterns have
changed through time. Management options exist for restor-
ing wildland fire to some prehistoric condition and thereby re-
ducing the hazards of modern wildfires (Babbitt, 1995), but
each option has disadvantages along with advantages. Thus,
with forest fire management, students grapple with a real and
current environmental issue that has no easy solutions and that
incorporates dendrochronology and crossdating.
The design goal for the forest fire management module was

to provide ample and varied information onmany facets of the
issue (Hill et al., 1998). Various web pages introduce the
topic, give examples of recent big fires and their environ-
mental impacts, discuss prehistoric fire patterns and how they
were determined (including a direct link to the crossdating ap-
plet), and compare and contrast management options. HTML
newspaper clippings, PDF-format scientific articles (with
passwords to limit access to students), and data figures such
as dendrochronologically developedmaster fire chronologies
from all over the Southwest (Fig. 2) are provided. The mas-
ter fire chronologies are primarily from ponderosa pine (Pinus
ponderosa Dougl. ex Laws.) forests, which typically have
abundant fire-scarred trees from which to dendrochronolog-
ically reconstruct fire regimes (Grissino-Mayer and Swet-
nam, 1997). More information is provided in the module than
can reasonably be included in a student essay, which forces
students to choose what to cover and what to ignore (Collis,
1998). A detailed essay assignment is provided so that students
have guidance when they are exploring through the ample in-
formation (Hill et al., 1998).
A ramification of this web-based module is that students

do not need to locate content material on their own, a learn-
ing skill that remains as important now as ever before (Far-
ber, 1999). This can be considered a drawback. However,
asking students to locate material on a complex environmen-
tal issue could potentially render this assignment impossible;
students could devote most of their time to just finding and
judging the pertinence of primary sources. While students do
not get to practice their library research skills when material
is simply handed to them on a web-based module, they can
focus their thinking and writing efforts on the environmental
issue without the burden of finding material.

METHODS OF EVALUATION

Since creating the crossdating applet package and the
Southwest forest fire management module, these web-based
tools have been used in various courses. Although experien-
tial and anecdotal evidence exists to judge their effectiveness,
I evaluated both teaching tools more formally during the fall
2001 semester of the Environmental History of the Southwest
course at the University of Arizona. This course exposes
lower-division, nonscience majors to scientific concepts and
the use of scientific techniques in the study of human�envi-
ronment interactions (University of Arizona, 2002). The
course has a writing component whereby students write 1000-
word essays on complex issues and shorter summaries of

technical issues. The instruction is pitched to the level of
sophomores, the dominant student class taking the course
(official registration data for the fall 2001 semester).
Students did the skeleton plotting package early in the se-

mester to instill appreciation of dendrochronological data dis-
cussed in subsequent lectures. A couple of brief, in-class
demonstrations of the applet were provided before students
tried it for themselves. The assignment was to try at least one
crossdating exercise with the default settings, paste a screen
image of the completed crossdating session into a text docu-
ment to prove that an exercise had been done, and fill in the
page with a short essay on crossdating based on that experi-
ence and on the explanatory pages, for example, applications,
strengths, and limitations of crossdating.
After completing the crossdating assignment, students

were surveyed and tested to assess how well they learned
crossdating and how they used the applet. The survey in-
cluded questions on student backgrounds as well as how they
executed the applet and interactedwith the entire package. The
survey was composed of yes�no or multiple-choice questions
along with two open-ended questions, and the test had multi-
ple-choice and true�false questions (Suskie, 1996). One-way
analyses of variance (Sokal and Rohlf, 1981) of test scores for
student groups, based on the survey results, were the basis for
evaluating the applet package.
Later in the semester, students completed the Southwest

forest fire management module and essay. After hearing a lec-
ture on forest fire management in the Southwest and an in-
class introduction to the web-based module on Southwest
fire management, students negotiated the module on their
own time. Essays were required to include an introduction to
the issue, at least one data figure, arguments for and against
a chosen management option, and literature citations.
To evaluate the effectiveness of the Southwest fire man-

agement module, students were tested twice with multiple-
choice and true�false questions covering concepts of this
issue. The test was administered before the students used the
module and wrote their essays and then again after the essay
assignment was completed, which was 4 wk later. A direct

Fig. 2. Dendrochronological master fire chronology from Langstroth
Mesa, in theGilaMountains, NewMexico. Horizontal lines represent
the life spans of individual trees, with dashed portions indicating years
before a tree�s first fire scar. Vertical tickmarks represent crossdated
abrasion scars left on the trees by past fires. The composite at the bot-
tom is a summary of all sampled trees at this site, and it shows an av-
erage return interval for low-intensity ground fires of about 9 yr be-
fore 1900. Since 1900, these trees have recorded only one low-inten-
sity ground fire.
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comparison of pretest and posttest performance was the basis
for evaluating the effectiveness of the module.
In both evaluations, students were surveyed or tested in reg-

ular class sessions, and only students who attended those
classes and voluntarily participated in the evaluations were in-
cluded as research subjects. All surveys and tests were done
anonymously. Each survey or test needed less than 15 min to
complete and thus respondent fatigue was avoided (Shaw and
Marlow, 1999).

RESULTS

Crossdating Applet Package

The average score on the comprehension test was 70% (SE
= 1.5, n = 88), with a low of 36% (one case) and a high of 93%
(six cases). These scores represent fairly good comprehension
of a new, difficult skill and its underlying concepts.
Survey Student Background.Themodal class level of the

respondents was juniors with also a large percentage of sopho-
mores (Table 1, Question 1). Average test scores did not dif-
fer significantly by student class when each group was kept
separate.When the students were divided into lower classmen
(freshmen and sophomores) vs. upper classmen (juniors and
seniors), the average group scores were still nearly identical.
However, when the groups were combined into senior vs. ju-
nior or below, the older students scored significantly higher
than the younger students. This last result contradicts other,
more general research that has shown no significant difference
between college seniors and freshmen in the ability to learn
new concepts (Pascarella and Terezini, 1991).
Most respondents were nonscience majors, and only a few

of them had any previous familiarity with crossdating and
skeleton plotting (Table 1, Questions 2 and 3). There was no
significant difference in test scores related to these charac-
teristics.
One-third of the respondents had prior experience gener-

ally in computer-based activities (Table 1, Question 4), but
there was no significant difference in test scores due to com-
puter experience. The ultimate goal of web-based teaching
modules and packages is not necessarily to be skilled at doing
them, but rather to learn the topic that they cover. General com-
puter literacy and comfort was probably helpful in mastering
web-based crossdating, but inexperience with computer-based
activities was not a detriment.
Styles of Executing the Applet. The respondents were

split evenly between whether or not they resized the tree-ring
sample or the graph paper of the applet (Table 1, Questions 5
and 6). Experienced crossdaters resize both objects�both
virtually and in reality�because it is often necessary to zoom
in on a tree-ring sample to see very narrow rings or out away
from the graph paper to see longer patterns of marks. How-
ever, it is interesting that the applet�s flexibility need not be
fully exploited for it to be effective, because resizing objects
did not affect test scores.
Most respondents needed to erase marks from their skele-

ton plots (Table 1, Question 7), which is not surprising; be-
ginners and experienced crossdaters put marks on the wrong
graph lines, change their minds on the length ofmarks, or both.
Test scores did not differ significantly due to this feature.
Most respondents found it fairly to very easy to move the

sample or graph papers, whereas 13% found this to be some-
what to very difficult (Table 1, Question 8). Moving the ob-
jects across the screen is imperative to succeeding with the ap-
plet, because the objects are too long to avoid extending off
the edges of computer screens. Accordingly, there was a clear
progression from high test scores by those whomoved objects
easily, to low test scores by those who found this to be diffi-
cult. Test scores differed significantly when analyzing the
four groups and when analyzing two merged groups (easy to
move vs. difficult to move). When using this web-based tool

Table 1. Questions and results for crossdating survey.

% of % Test
Respond- score (SE P

Question Answer ents of mean) value

1. Year in college? Freshman 3 64 (11.0) 0.14
Sophomore 33 70 (2.9)
Junior 42 67 (2.1)
Senior 22 76 (2.9)
Lower classmen 36 69 (2.8) 0.72
Upper classmen 64 70 (1.8)
Below senior 78 68 (1.7) 0.03
Senior or above 22 76 (2.8)

2. Major? Science 11 74 (3.8) 0.40
Nonscience 89 70 (1.6)

3. Familiar with skeleton Not at all 92 70 (1.6) 0.80
plotting? Somewhat 7 74 (5.5)

Very 1 71 (Ø)
Not at all 92 70 (1.6) 0.51
At least somewhat 8 73 (4.7)

4. Experience with computer Yes 32 72 (1.9) 0.31
activities? No 68 69 (2.5)

5. Change size of graph paper? Yes 50 70 (2.4) 0.75
No 50 70 (1.9)

6. Change size of tree-ring Yes 65 70 (2.0) 0.89
sample? No 35 70 (2.3)

7. Erase marks on plot? Yes 85 70 (1.7) 0.85
No 15 69 (3.6)

8. Easy to move sample or Very easy 56 74 (1.8) 0.006
graph papers? Fairly easy 31 68 (2.8)

Somewhat difficult 12 58 (4.0)
Very difficult 1 57 (Ø)
Easy 86 72 (1.6) 0.002
Difficult 14 58 (3.6)

9. Time plotting, matching <10 min 33 74 (2.2) 0.17
with master? 10�20 min 32 70 (3.1)

20�40 min 20 66 (3.7)
>40 min 15 66 (3.1)
<20 min 65 72 (1.9) 0.06
>20 min 35 66 (2.5)

10. Explanatory web None 14 68 (3.8) 0.67
pages read? Up to a few pages 42 69 (2.3)

All pages 44 72 (2.4)
Less than all pages 56 69 (1.9) 0.37
All pages 44 72 (2.4)

11. Navigate explanatory In order presented 66 70 (2.2) 0.66
pages? Back and forth 34 72 (2.4)

12. Time spent on entire <30 min 14 70 (2.9) 0.51
activity 30 min to 1 h 44 71 (2.6)

1�2 h 34 70 (2.4)
>2 h 8 62 (5.8)
<2 h 92 71 (1.6) 0.13
>2 h 8 62 (5.8)

13. Try ring anomalies? Yes 24 64 (3.7) 0.04
No 76 72 (1.6)

14. Sensitivity�complacency? Yes 34 71 (3.0) 0.71
No 66 70 (1.8)

15. No. of rings in sample? Yes 50 66 (2.3) 0.006
No 50 74 (1.8)

16. Succeed in crossdating? Yes 93 70 (1.6) 0.43
No 7 66 (5.7)

17. Bog down in any way? Yes 34 66 (2.9) 0.08
No 66 72 (1.7)
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to teach crossdating, it is critical to stress the importance of
learning how to move objects across the screen.
Most respondents needed less than 20 min to make their

skeleton plot and match it with the master, while some took
more than 40 min (Table 1, Question 9). It is reasonable for
beginners to take anywhere from 5 to 20 min compared with
the hours it can take to teach crossdating to large groups of stu-
dents using real wood samples and graph strips. Test scores
showed a trend�high scores for those who skeleton-plotted
quickly and low scores for those who took more time. When
grouped into less than 20 min vs. more than 20 min, the
quicker students did significantly better. This is an example
of catching on quickly and doing well vs. struggling at length
and still not doing as well.
Most respondents completed the entire activity, including

writing the one-page summary, in less than 2 h, with some tak-
ing less than 30 min (Table 1, Question 12). When grouped
into less than 2 h vs. more than 2 h, the quicker group scored
better on the test. The difference between the average test
scores technically was not significant, but that may have been
due in part to the low sample size of the slower group. This
appears to be another example of users comprehending con-
cepts quickly and doing well vs. taking more time than was
intended and still not doing well.
Styles of Navigating the Entire Package. Fourteen per-

cent of the respondents did not read any of the explanatoryweb
pages leading up to trying for themselves to crossdate (Table
1, Question 10). Respondents who read the pages were equally
split between reading a few of the pages vs. reading all pages.
Test scores did not differ significantly between these groups,
either when analyzed as the three original groups or as two
merged groups.
Two-thirds of the respondents who read at least a few

pages did so in the sequential order given in the package, while
the other third went back and forth between pages in no par-
ticular order (Table 1, Question 11). Test scores between these
two groups were nearly identical. It is encouraging that the
package serves equally well for students, regardless of their
preference for learning sequentially or nonlinearly (Scherly et
al., 2000). In general, flexible accommodation of various
learning styles has been noted for hypermedia teaching tools
(Hill et al., 1998).
Going beyond the Assignment. The official assignment

included crossdating one tree-ring sample under the default
settings; experimenting with more difficult samples was op-
tional. Most respondents did not try ring anomalies or a com-
placent sample, but half tried changing the number of rings of
the sample (Table 1, Questions 13, 14, and 15). Test scores did
not differ significantly due to experimenting with sensitivity
or complacency, but respondents who experimented with ring
anomalies and/or with changing the number of rings curiously
scored lower than those who did not bother with either of these
features. Perhaps going on to more difficult concepts, with-
out the aid of formal instruction on those concepts, confused
some students on the basic concepts. It might be wise to in-
vite eager students to an optional lab session to discuss these
extra concepts before they try harder settings for themselves.
Successful Crossdating. Almost all respondents suc-

ceeded at crossdating at least one tree-ring sample (Table 1,
Question 16). Successful respondents scored better on the

test than those who did not crossdate a tree-ring sample, but
the difference was not significant, perhaps due to the low
sample size of the group that did not succeed. It was gratify-
ing to see such high success at crossdating and comprehen-
sion of the underlying concepts amongst undergraduate non-
science majors who had no prior awareness of crossdating.
Instructional Lessons Learned.One-third of the respon-

dents bogged down, that is, reached a point of frustration
where they quit for awhile during the assignment (Table 1,
Question 17). Bogging down can seriously counteract posi-
tive advantages of a technological learning tool, as it takes only
minor technical glitches before students become disillusioned
with technology (Shaw andMarlow, 1999). Comments about
what happened can be summarized as follows:
�Accidentally mademarks on the master chronology skele-

ton plot and became confused. This refers to the fact that the
crossdating applet allowed users to insert and remove marks
on the skeleton plot of the master chronology. This feature
complicated learning when users accidentally changed the
master chronology skeleton plot without realizing how to re-
cover the original. In response to this comment, this feature
has been removed from the applet, illustrating the ease and
speed with which web-based teaching tools can be modified
or updated.
� Found it hard to print the final crossdating demonstra-

tion. This reflects the fact that Java-language applets cannot
be printed directly from web browsers. To document having
done the activity, students were told of an alternative way of
printing their work, that is, to capture an image of the screen
and then paste the image into any standard word processing
document (an image such as Fig. 1). The majority of students
did not struggle with this approach, but several students had
problems with this and spent too much time trying to over-
come this step. This was unfortunate; printing the crossdating
results was not a learning objective per se of the activity.
�Did not understand how to get started until seeing an in-

class demonstration. This reflects the need to demonstrate
computer activities in class, regardless of how easy they may
appear to the professor. It is helpful for students to see some-
thing like the crossdating applet done at least once before try-
ing it for themselves. I had demonstrated the applet in class
before they tried it, but multiple demonstrations may be bet-
ter.
What the Students Learned.Based on the crossdating test

(Table 2), the students comprehended several important points
about dendrochronological crossdating, including the fol-
lowing:

� Skeleton plot marks differ for narrow, average, and wide
rings (Questions 1, 12�14).

� The potential existence of ring anomalies makes crossdat-
ing better than merely ring counting (Question 2).

� Skeleton plots done by different people need not be identi-
cal for crossdating to work (Question 3).

� Differing growth rates of trees are equalized by skeleton
plots (Question 4).

� Specimens from living or dead trees are equally crossdate-
able (Question 5).

� Master chronologies are made up of other dated specimens
(Question 6).
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The concept of dendrochronological sensitivity vs. com-
placency was not grasped well (Questions 8, 10, and 11). Al-
though this concept is not overly complicated, perhaps more
instructional emphasis on it is warranted. Only one-third of the
students experimented with changing the sensitivity�com-
placency setting; this could be because learning this concept
was not required to fulfill the assignment.
Many respondents missed the point that crossdating is

nothing more than pattern matching (Question 9), that is,
matching ring-width patterns across tree-ring samples or
chronologies. This concept was stated in the explanatory
pages, but some students may have been drawn to the ques-
tion�s other choices, both of which were familiar terms cov-
ered in previous lectures.
The fact that 65% of the respondents believed crossdating

can date virtually all tree-ring samples (Question 7) was sur-
prising. Some tree-ring samples cannot be crossdated (e.g.,
those with ring growth that is very complacent, too short,
and/or afflicted with many ring anomalies), and this was ad-
mitted or implied in the explanatory pages. Perhaps the ease
of succeeding at crossdating a sample of the applet lulled stu-
dents into thinking that crossdating is always so easy. Anec-
dotal evidence has indicated that many beginners prefer to con-
tinue playing with the applet instead of moving on to cross-
dating real wood samples, which can be more difficult than
the applet. The reality of dendrochronological crossdating
should be emphasized so that students do not form or cling to
unwarranted expectations.

Southwest Forest Fire Management Module

The average pretest score was 53% (SE = 1.5, n = 108) with
a maximum score of 88%, indicating only a minimal under-
standing of the issues of forest fire management in the South-
west before doing the web-based module and essay assign-
ment. The average posttest score was 74% (SE = 1.8, n = 95),
with amaximum score of 100% by two respondents. This was
a highly significant improvement from pretest to posttest, in-
dicating substantial learning about this complex issue due to
the Southwest forest fire management module.
What the Students Learned. Based on the pretests and

posttests (Table 3), the students comprehended several points
about forest fire management in the Southwest, including the
following:

� Past fire regimes can be reconstructed by analyzing fire
scars using dendrochronological crossdating (Questions 4
and 11).

� Modern fire regimes differ from prehistoric regimes in
terms of fire frequency and intensity and area burned (Ques-
tions 3, 6, and 8).

� Stand composition and fuel loading of ponderosa pine
forests have also changed through time (Questions 5 and
12).

� Crown fires differ from low-intensity ground fires in their
effects on forests (Questions 4 and 14).

� Changes in fire regimes have occurred due to multiple fac-
tors (Question 13).

� Fires may be started on purpose as a management tool
(Questions 9 and 10).

Instructional Lessons Learned.Other concepts were not
comprehended well, even after doing the forest fire module.
Question 1 may have tricked students into not reading all the
choices; prescribed burning was certainly a correct choice, but
the other choices were also correct, making all of the above
the final answer. The role of grasses in fire regimes (Question
2) is subtle and depends on other factors such as total fuel load-
ing and fuel moisture content (Swetnam and Betancourt,
1990). Also, it is true that major advances in fire suppression
technology took place after World War II (Sanderson, 1974)
(Question 7), but most southwestern ponderosa pine fire
regimes had already begun changing by the late 1800s (Swet-
nam and Baisan, 1996).
The web-basedmodule does not cover fire regimes for for-

est types other than ponderosa pine (Question 15), largely be-
cause other southwestern forest types do not have abundant
trees with multiple fire scars from which to reconstruct past
fire regimes (Wright and Bailey, 1982). This point was men-
tioned briefly in the lecture introduction to the web-based
module, but perhaps more emphasis is merited for other types
of forest fire regimes.
Conversely, the module does contain master fire chronolo-

gies that show no change in their fire regimes throughout the
20th century (Question 16). The module also links to a refer-
ence explaining why these sites have not changed: The Hid-
den Kipuka and Mesita Blanca sites of El Malpais National
Monument were out of reach from grazing and fire control ef-
forts because of large, rough lava flows that surround the
sites (Grissino-Mayer and Swetnam, 1997). However, all of
the other master fire chronologies included in the module

Table 2. Questions and results for crossdating test. Underlined answer
is correct.

% of Re-
Question Answer spondents

1. When making skeleton plots, it is helpful to True 7
make a mark on every line of the graph paper. False 93

2. Simple ring counting might not be sufficient True 88
for dating tree rings because of missing and/ False 12
or false rings.

3. Skeleton plots made by different people for True 25
the same tree-ring sample must be identical False 75
for crossdating to work.

4. Dendrochronologists often prefer to compare True 84
skeleton plots on graph paper rather than False 16
samples of actual wood.

5. To be crossdated, tree-ring samples must True 5
come from currently living trees. False 95

6. A master tree-ring chronology is created from True 92
other, previously crossdated trees. False 8

7. Crossdating by skeleton plotting can be True 65
used to accurately date virtually any and all False 35
tree-ring samples.

8. When crossdating a relatively complacent True 36
sample, it should have lots of rings. False 64

9. Another name for crossdating is: radiometric dating 33
pattern matching 52
superposition 15

10. The variability of tree ring widths in a above average 15
complacent tree-ring sample is: average 57

below average 28
11. The variability of tree ring widths in a above average 57
sensitive tree-ring sample is: average 16

below average 26
12. When crossdating a sample, it is best to narrow 87
focus on the tree rings that are: of average width 7

wide 6
13. The longest marks on the skeleton plot the narrowest 86
represent the tree rings that are: the most typical 7

the widest 7
14. Average rings merit what kind of mark average marks 20
on the skeleton plot: b marks 7

no marks at all 73
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% of Re-
spondents

Pre Post Differ-
Question Answer test test ence

1. Restoring wild land �prescribed burning 30 43
fire to its more natural �mechanical fuel reduction 5 4
role in the southwest �active fire suppression 6 0
may involve: �all of the above 59 53 -6

2. Grasses help spread �increasing the frequency of 40 35
ground-level fires, large, severe fires
thereby: �causing extinction of many 4 6

forest species
�causing soil destruction so that 12 1
forests may not regrow for centuries
�increasing the frequency of small, 44 58 +14
low-intensity fires

3. Compared with the �less frequent but more severe fires 32 70 +38
southwest�s natural �more frequent and more severe 19 21
fire regime, the fires
modern fire regime �about the same amount of fires 16 3
tends to include: �less frequent and smaller fires 14 0

�more frequent but smaller fires 19 6
4. The fact that a tree has �very severe 31 16
recorded several scar �crown fires 14 9
injuries from past fires �light in severity 49 74 +25
indicates that those �human ignited 6 1
particular fires were
probably:

5. Fuel loading can best �when visitors load collected 9 1
be described as: fuelwood from the forest into

their vehicle for home use
�when a forest ranger pours 29 6
gasoline on an area to initiate
a prescribed burn
�leaves, dead wood, and even 58 93 +25
living trees in the forest that
may burn in a fire
�when the pine cones crackle and 4 0
explode during a big fire

6. The southwest�s �humans have been suppressing 49 79 +30
modern fire regimes fires for the past hundred years
differ from the natural or so
fire regimes in part �lightning strikes are more power- 9 5
because: ful now, leading to larger fires

�grazing by cattle in forests causes 20 12
an increase in grass production that
carries the fires greater distances
�trees are more widely spaced now 22 4
than they were in the past

7. Forest fire regimes of �World War II 17 22
the southwest began �initial Spanish contact 18 10
changing soon after: �cattle and sheep grazing became 61 65 +4

large-scale operations in the
Southwest
�Mexico won independence 4 3
from Spain

8. The trend in total �been upward 46 77 +31
acreage of forest land �been downward 35 13
burned per year in the �stayed about the same 19 10
southwest since the
mid 1900s has:

9. Controlled burning �having to wait for certain 10 3
is affected by: weather conditions

�the risk of the fire burning 6 3
out of control
�air quality impacts 2 0
�all of the above 82 94 +12

10. What is the word used �prescribed 79 95 +16
by forest managers to �dictated 11 3
describe a fire that has �accidental 6 1
been set by forest �natural 4 1
rangers in the hopes of
avoiding a bigger fire
later?

11. How do dendrochro- �They look for narrow rings in 13 4
nologists determine young trees
the fire regime for an �They compare fire scars on 62 87 +25
area during the years burned trees
before historic docu- �They use tree-ring cores from 7 1
ments were common- aspen
place? �They use tree rings to date the 18 8

layer of ash in a soil
12. Compared with the �denser, with smaller trees 16 64 +48
ponderosa pine forests �denser, with larger trees 18 16
of the past, south- �thinner, with more grasses 47 14
western ponderosa �thinner, with larger trees 10 5
pine forests today are: �the same as they ever were 9 1

13. What factor below has �grazing of domestic animals 18 9
the LEAST effect on in forests
the Southwest�s �suppression of fires by people 8 1
modern fire regime? �rainfall patterns 14 5

�arrival of snowbirds 58 83 +25
�fuel loading 2 2

14. A crown fire can best �circles the top of a mountain 35 8
be described as a fire �reaches the tops of the trees 25 72 +47
that: �reaches the top of a mountain 20 3

�circles the tops of the trees 20 17
15. Natural fire regimes �True 79 66 -13
of southwestern �False 21 34
ponderosa pine forests
differ from those of
southwestern
spruce�fir forests.

16. Without exception, �True 36 47
every fire history site �False 64 53 -11
in the southwest shows
a sharp change in fire
frequency at the same time.

% of Re-
spondents

Pre Post Differ-
Question Answer test test ence

Table 3. Questions and results for pretests and posttests on southwestern forest fire management. Underlined answer is correct.

show fire regime changes at about the same time, and many
students failed to notice the exception of the ElMalpais sites.

CONCLUSIONS

The web-based tools described here for teaching den-
drochronology were successful. The crossdating applet pack-
age resulted in substantial comprehension of what was a new
concept for the students of the course. Before the existence of
the interactive applet and accompanying explanatory pages,
teaching crossdating was limited to courses with only a few
students, to using relatively static demonstrations with trans-
parencies, and to assigning paper exercises without vivid ex-
planatory packets. By comparison, the crossdating applet is a
marked improvement.
The southwestern forest fire management module signifi-

cantly improved understanding of that complex environmen-

tal issue. Without the module, students would have had to
spendmuchmore time searching for primarymaterial and fire
history data, and their thinking about the issues and their writ-
ingmight have suffered.Without the module, other course as-
signments might have been skipped to be able to devote extra
time to the fire management essay. By comparison, the self-
contained module is attractive as a single source of pertinent
information.
Changes to the crossdating applet have already beenmade

based on student comments, and the fire management mod-
ule is updated every year to include more information, usu-
ally about the latest fire season. Fortunately, it is easy to make
such changes because these teaching tools are located on the
web (Pelton and Pelton, 1998). The success of these tools and
the attractiveness of the web as a teaching medium justify ad-
ditional modules on yet other environmental issues.
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I welcome other educators to use these web-based tools. I
am also interested in continuing a formal evaluation of these
tools using student respondents from different institutions.
Please write to inquire about the current URLs of the tools and
to discuss the evaluation surveys and tests.
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