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ABSTRACT

The World Wide Web and other computer-based media are
new teaching resources for plant identification. The purpose of
the experiments reported here was to test whether learning plant
identification for woody and herbaceous plant material over the
web was as effective, more effective, or preferred by under-
graduate students when compared with instruction in the green-
house. Students were exposed to web and greenhouse instruction
(Exp. 1,N=47; Exp. 2,N = 225) or they were randomly assigned
to web or greenhouse learning conditions (Exp. & = 225; Exp.

3, N = 224). The dependent measure was accuracy on identifi-
cation tests of live specimens in the greenhouse. In each case,
mean scores of participants receiving live instruction were sig-
nificantly higher than those receiving web instruction. Ques-
tionnaire data revealed that students preferred live instruction
over web instruction, that students perceived live instruction as
superior to web instruction, that they preferred to learn new
plant material in the classroom rather than on the web, and that
web learning was frustrating. The findings indicate that web in-
struction is not in general superior to live instruction for plant
identification, when students are required to use web instruction.

SIGNIFICANT PART OF WHAT STUDENTS LEARNIN horticul-

produced databases like HortBase (Kjelgren and Rupp, 1998)
and UIPLANTS (Kling et al., 1996).

The availability of powerful graphics tools and web au-
thoring and technology tools has led more instructors to tai-
lor multimedia instructional materials and activities to the
needs of their students (Bassett, 1998). Web and CD-ROM ma-
terials provide students with 24-hour access to information and
allow them to work at their own pace. Pedagogically, web-
based instruction is thought to promote active rather than pas-
sive learning (Sheppard, 2002). Only recently have instructors
begun assessing the effectiveness of computer-based instruc-
tion compared with traditional field instruction.

In a typical 2- to 3-hour field lab for plant identification,
students are introduced to about a dozen new species. The lab
might include outdoor experiences as well as specimens in an
indoor laboratory and commentary by the instructor. Seiler et
al. (1997) developed materials for woody plant identification
in a dendrology course that allowed students to learn termi-
nology through computer-delivered self-paced learning. Fifty-
five percent of the enrolled students used the program. Over-
all, students reported that the program was easy to use, use-
ful, and they liked it. However, the students thought the pro-
gram should be used as a supplementary aid and should not
replace field instruction. In two additional studies involving

| ture ha_m(_j plla;t sc;]ience classesdis the identifif(:aticl)n 9fstudents enrolled in dendrology, Seiler et al. (2002) tested
plants. This includes the common and Latin names for plants;, hether optional computer-based instruction transferred to
the terminology for leaf shapes, margins, and bases; and co

o Nfeld identification. Field scores of students who used the in-
and flower characteristics (Shaw, 1993). When computer-gu,ctional software showed an 8% gain compared with
based media and methods for instruction became ava'lablenonusers who showed only a 1% gain, relative to baseline

there were many reasons for adopting those applications. INgcqres The most surprising finding was that few students

door specimens take up space and require attention (Kahtzyp,ose 1o yse the software at all (10 users vs. 81 nonusers). In
2000). In an ideal world, live plant specimens would always 5 gecong study, Seiler et al. (2002) matched users to nonusers
be available, but in reality, that is not the case. Plants vary with, ije controlling for grade point averages (GPAS) and com-
the seasons, and seasonal variations cannot be seen at one tiige  final course grades. Users had higher final grades
when using live specimens (Kling et al., 1996). Field experi- (g gos) than nonusers (75.9%). Both findings suggested that
ggglizgeaplecndo(f)?;T:;gyaeriﬂ:/iesrhgﬁ?otm;ﬁﬁ r(?cl?rrlgnecteabloo udents who self-selected to use computer instruction as a
. 7 supplementary aid benefited from the additional resource.

1996). The World Wide Web (henceforth, the web) and other o ht; (2000) randomly assigned students in woody plant
large-capacity media, like CD-ROM disks, provide speed andjqenification classes to one of two groups. The treatment
ease of access, and a vast array of searchable informatiog, 5 had access to a plant identification program called UI-
(Sutherland, 1998). The web and computer media eliminatep| ANTS (Kling et al., 1996) as a supplement to traditional
the need to maintain plant specimens or to distribute infor- g ction. In two separate semesters, there were no signifi-

mation in a printed form, and make aggregating and updating., ¢ gifferences between treatment and control groups in
information easy for the instructor. Large-scale efforts have plant identification quiz scores.

In two studies, computer instruction was compared with
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third test, classroom performance exceeded DE performanceidentification, their study behaviors, and their computer back-
although the advantage was not significant. Jeannette an@rounds. Participants were asked whether they enjoyed web
Meyer (2002) compared an online version of a master gardeneor traditional learning, whether web or live instruction was su-
course to traditional classroom delivery and found no signif- perior, and whether they would prefer to learn plant identifi-
icant differences between classroom and online groups orcation in the classroom or on the web. Because web instruc-
pretests and posttests, although caution must be exercised ition may have been new for students, the questionnaire also
interpreting the results because the online students’ posttestgicluded questions about ease of access and use of Internet
were not proctored. At the end of the course, online studentonnections, and adequacy of technical support. Participants
favored distance learning and indicated that they would takewere asked how much anxiety and frustration they may have
another web course. felt while learning by either method.

In the studies in which computer materials were supple- There were minor adjustments in the web materials, pro-
mental to traditional instruction with live specimens, students cedures, and items on the questionnaire across the three repli-
used the materials by choice. In other studies, students selectezhtions, but none that changed the substance of the experi-
computer-based instruction. Evaluation of the software by mental questions. Because the quality of web materials is an
users was biased by this factor of self-selection, and therebymportant consideration, we note that the website for woody
poses a limitation to the generality of the findings. In the ex- and herbaceous plants won a blue ribbon from the Southern
periments reported here, the effects of self-selection wereRegion—American Society of Horticultural Science (SR-
minimized through the random assignment of students to theASHS). To view the website, go to www.pssc.ttu.edu/techhort
web and traditional greenhouse instructional methods. Be-(verified 2 July 2004).
cause there are many real-life circumstances in which students
cannot self-select their mode of instruction (e.g., if a course
is only offered over the web, or if a web course is the only form
available to off-campus students), it was important to assess Participants were drawn from the Principles of Horticul-
the efficacy of computer-based offerings when self-selectionture course during the spring term. For the course overall, 46%
was not a factor. of students were males and 54% were females, the median age

Students study plant material to identify living specimens, was 19.6 years, 52% of the students were freshman, 34%
notimages on a computer; thus, the dependent measure in thgere sophomores, and the remainder were juniors or seniors.
present studies was live plant identification. In each experi- Only 15% of the students were horticulture or agriculture-re-
ment the effectiveness of web instruction was compared withlated majors, with the remainder representing 37 distinct ma-
traditional instruction in the greenhouse. One hypothesis wagors. The ethnic distribution was 91% Caucasian, 6% Hispanic,
that web instruction would be as effective as or more effec-29% African-American, and less than 1% each of Asian and
tive than instruction in the greenhouse, and another was thafmerican Indian students. The 47 students who participated
students would prefer web instruction over live instruction. in this experiment were enrolled in one of several sections of
Both hypotheses were based on the presumed advantages afie course. Their mean GPA was 2.79 + 0.83 SD on a 4-point
forded by ease of access and self-paced learning when inscale (4 = A).
struction takes place over the web. The primary materials were live specimens of 12 woody

and 13 herbaceous plants and images of these plants that were
delivered over the web. A handout to all participants described
MATERIALS AND METHODS the general characteristics and cultures of the plants and their
life cycle habit (e.g., annuals, perennials). Web participants re-
ceived information on accessing the website. Two worksheets

Three experiments were conducted using undergraduatevere used—a paper worksheet for traditional lab instruction
students enrolled in Principles of Horticulture, an introductory and an electronic worksheet for web instruction—and pro-
course in plant science that included laboratory sections. Parvided participants with practice in identification.
ticipants learned to identify herbaceous and woody plants in  During a preliminary meeting, participants were randomly
a traditional laboratory section, through web instruction, or assigned to either live instruction in the greenhouse or web in-
both. The traditional laboratory instruction for herbaceous struction for the herbaceous plants, and subsequently received
material took place in the greenhouse, and for woody mate-the converse form of instruction for the woody lab. Participants
rial through a campus tour. Instructors presented live plant ex+eceiving live instruction for herbaceous plants were given a
amples and participants had an opportunity to examine andyreenhouse tour by the instructor, and could return to the
study live plants. In the web method, participants viewed textgreenhouse during regular daytime hours, Monday through
and images of the plants over the web. The information pro-Friday. Those students receiving live instruction for woody
vided to each lab section was scripted, and handouts and praglants were taken on a walking tour around campus. Web in-
tice materials were identical in the live and web sections. Tostruction participants were given directions for accessing a
test knowledge of the material, students were required to propassword-protected website. During live instruction, the in-
vide the common and scientific names of live woody and structor answered student questions face to face, while ques-
herbaceous plants. Test score was the performance measuréons from web instruction students were answered through

To test the hypothesis that participants would prefer the webemail. Participants from either treatment group took a test in
to traditional instruction, they also completed summative the greenhouse that required them to identify and provide the
guestionnaires that were used to evaluate their perceptions afommon and scientific names for the 12 woody plants and 13
traditional laboratory instruction vs. web instruction for plant herbaceous plants that were the focus of their studies.

Experiment 1

Overview
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Table 1. Average test performance (+ SD) for Exp. 1 to 3, reported as pro-  cated significant differences between instruction grokga,[

portion correct. 222) = 3.74p < 0.03] and the Tukey HSD (honestly signifi-
Condition Exp. 1 Exp. 2 Exp. 3 cant differences) testi(= 0.05) was used to test for pairwise
Live 0.80 (0.20) a* 0.84 (0.19) a 0.81(0.24) a differences between groups. In Exp. 3, a 2 (instruction group:
Web 0.73 (0.24) b 0.77(0.18) b 064(025b  live, web) x 13 (course section) ANOVA indicated significant
Web supplement - 0.76 (0.20) b - differences between instruction groupg{, 198) = 26.97p
* Within columns, means followed by different letters are significantly different, at least < 0.001] and between course sectidﬁ$j{2, ]_98) = 2_02p
at the 0.05 probability level. See the text for details of the tests. < 0.03] but not for the interaction of the two factd?s(lZ
_ 198) = 1.44, NS]. In all but one section mean test performance
Experiment 2 was higher for the live vs. web group. Overall, when students

fstudied live specimens they did better on plant identification
and naming than when they studied the plant images on the
eb.

A total of 312 students enrolled in the course Principles o
Horticulture during the subsequent fall term. Demographic
data were nearly identical to those of Exp. 1, except that aV . . . o .
higher proportion of participants (27%) were horticulture or Additional data were consistent with th_g live instruction ad_—
agriculture-related majors. Students were assigned by lab sec/2Ntage. In Exp. 3, test scores were positively correlated with
tion to one of three experimental groups: live instruction, web Self-reported GPA for participants in the live instructios (
instruction, or live instruction with optional web access. Only 0-40) @nd web instruction € 0.27) groups; the significant test
those students who completed the test and questionnaire werddvantage for the live instruction group remained even after
used in the analyses: 61 participants in the live instruction2djusting for GPAIE (1, 193) = 25.68p < 0.001]. An exam-
group, 87 in the web group, and 77 in the web supplement‘na}t'on of_self-re_por'ged study times for Exp. 3 showed t_hat par-
group (72% of the enrolled students). The primary materialsti¢ipants in the live instruction group reported mean tlm?s of
were specimens and images of 25 woody plants and 25 herbat04 minutes (SD + 77.3) in response to the question, “How
ceous plants. In all other respects, the materials and test werguch time did you spend studying the plant material for the
the same as those used in Exp. 1. There was one important ad¥oody Plant ID Quiz (not including the time you spent as a
dition to the procedure: participants in the web group and the9roup going over the plant material with your lab demonstra-
web supplement group met in a computer classroom for an orif0r)?” Participants in the web group reported mean study
entation meeting before beginning web instruction. Partici- times of 196 minutes (SD + 136.2), including a mean of 139
pants in the web supplement group met in the greenhouse, likéhinutes (SD + 117.3) at the computer and 57 minutes (SD +

the participants in the live instruction group. 62.0) away from the computer. Many students studied only at
the computer; thus, this latter distribution was positively
Experiment 3 skewed. These data did not suggest that the advantage for live

) , instruction was due to significantly longer study times.
There were 224 students enrolled in 1 of 13 sections of the

Principles of Horticulture class, who were randomly assigned Participants’ Reactions to Greenhouse

by section to live instruction or web instruction. Student pro- and Web Instruction

files were similar to the first two experiments. The primary ma-

terials were specimens and images of 25 woody plants. In all Responses to questionnaires that were distributed to par-

other respects, this experiment was similar to Exp. 1 and 2. ticipants in all three experiments did not support the hypoth-

esis that students would prefer the web to traditional instruc-

Statistical Methods tion. Participants enjoyed classroom learning over web learn-

ing, they asserted that classroom instruction was superior to

. ANOVA). Nearlv all . N web instruction, and they preferred to learn new material in
variance ( )- Nearly all questionnaire reSponses Were o ¢jassroom rather than on the computer. These outcomes

made using five-point Likert-type ratings. Nonparametric sta- were most likely not due to participants’ lack of experience

tistical met'hods were applied to the questionnaire data becaus\t);lith computers and the web, based on the questionnaire data
response intervals could not be assumed to be equal, and b‘?ﬁ the two experiments in which this possibility was probed:

g?,tjhs : O&S&%ﬁﬁig gg?gm?ééziﬁ)ggisﬁ tcrlwliss tr'gme'}?';:égn?gﬁga Exp. 1, all but one patrticipant indicated previous experience
d P pap ith computers and 89% E 42) indicated experience with

out using sign tests, which is appropriate for comparing rankthhe web; in Exp. 2, all but six participants indicated previous

responses from two related samples (SPSS Inc., 1990; . . )
Conover, 1999). experience with computers and 92f6=(209) had web ex

perience. Participants in both experiments generally indicated

that technical support was accessible.
RESULTS For the sake of simplicity, detailed analyses of question-
naire responses are presented only for Exp. 1. Outcomes for
the other two experiments were very similar. Table 2 sum-

Student performance on tests and statistical differencesmarizes participants’ responses organized into five pairs of

between groups are summarized in Table 1. Performance wasontrasting statements. Participants enjoyed learning about
significantly higher in the live instruction group compared with plants in the greenhouse more than learning about them on the
the web group in all three experiments. In Exp. 1, a paired web €=5.40,0<0.0001), they preferred learning by live in-
test showed a significant difference between instruction groupsstruction rather than web instructiah £ 6.02,p < 0.0001),
[t(46) = 2.11p < 0.05]. In Exp. 2, a one-way ANOVA indi-  and they preferred learning new plant material in the class-

Test score data were analyzed usitgsts and analysis of

Student Performance
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room, not on the welkZ(= 5.93,p < 0.0001). Their anxiety Table 2. Mean (+ SD) and median Likert ratingst for Exp. 1 question-
about learning plant material in general did not differ from __N&Te responses.

their anxiety about learning it on a comput@r(0.34, NS). Contrasts Mean (+ SD)  Median

However, their frustration in learning to identify plant mate-  gnjoyment (1: not much, 5:ery much)

rial in general was significantly less than their frustration in How much did you enjoy learning plant material 3.96 (0.86) 4.00
i in the classroom?

using a Compmer tolearn plam materiat(4.73,p < 0'001)' How much did you enjoy learning plant material 2.21(1.21) 2.00

on the computer?
Effectiveness (1: no, 5: yes)
DISCUSSION Did the plant material and verbal descriptions in class 4.57 (0.71) 5.00
allow for identification of live plant material?
Plant identification is high|y visual and is usually taught as Did the pictures and written descriptions on the computer  2.45 (1.06) 2.00
allow for identification of live plant material?

a hands-on activity through field experiences and through thep eference (1: no, 5: yes)

examination of live specimens. Students must learn to iden-Given a choice, would you use the classroom to learn 4.72 (0.65) 5.00
H new plant material?
tlfy subtle features of plants and are eXpeCted to be able tQSiven a choice, would you use a web site to learn 1.70 (1.21) 1.00

identify plants at different times of the year (Kahtz, 2000). Live  new plant material?
specimens are not always available, and at any given time of\nxiety (1: not anxious, 5:ary anxious)
year do not exemplify the variation of the plant across the sea~"}i o You! Stietylevel aboutieaming toidently 3,06 (141) 300
sons. Teaching via the web and through other emerging comwhat was your anxiety level about using the computer 3.09 (1.40) 3.00
puter technologies is a relatively new possibility for instruc- _ o learn plant material?
tion and learning. The three experiments reported here proseraion (L otfiustiated.Seny flustiated) =

: ¢ . : I . "What was your frustration level about learning to identify ~ 2.89 (1.05) 3.00
vided consistent and reliable evidence against the hypothesis plant materia> _
that students would do as well or better using web materials"/fia! was your frustration [evel about using the computer - 4.13(1.13) - 5.00
compared with live instruction. In other research that ad- i '
dressed similar questions, Wang and Newlin (2000) reported' Ratings were based on a 5-point scale.
that students enrolled in traditional sections of psychological ] ) )
statistics earned higher grades on the final exams and reof assigned homework problems, student incentives, and other
ceived higher course grades than students who completed thgtudent resources (Anderson et al., in press).
course in a web-based format, further indicating that web-
basEdcjinstruction is not necessarily superior to traditional ACKNOWLEDGMENT
methods.
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