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A Quantitative Approach to Human Issues 
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SUMMARY. Research on human issues in horticulture focuses on the human 
dimension of horticulture in an effort to maximize the benefi ts of plants and 
nature in general, for human well-being. A key issue is the need for scientifi c evi-
dence of such benefi ts and for rigorous research methods to reveal the mechanics 
of the interaction between people and plants. Conjoint analysis, a methodology 
with obvious potential for successful application in the area of human issues in 
horticulture, is widely used in consumer research to estimate the structure of 
people’s reactions to multi-attribute objects or services. This paper discusses the 
steps involved in implementing conjoint analysis and describes how it can be ap-
plied to people–plant research.
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Data supported by sound sci-
ence must be provided for 
people–plant research to reach 

its full potential, and for people–plant 
research fi ndings to be applied in prac-
tice (Frumpkin, 2004; Owen, 1994). 
Whilst horticulturists, with their in-
depth knowledge and understanding 
of plant-related aspects of interactions 
between people and plants could make 
important contributions here, their 
involvement to date in people–plant 
research has been limited (Shoemaker 
et al., 2000). Lack of familiarity among 
horticulturists with research method-
ologies for conducting people–plant 
research has been suggested as a major 
limiting factor. 

Shoemaker et al. (2000) urged 
horticulturists with an interest in 
people–plant interactions to explore 
possibilities offered by social science 
methodologies, and thus create the 
opportunity to position themselves at 
the forefront of research on human is-
sues in horticulture. Conjoint analysis 
is one such methodology with obvious 
potential for successful applications 
across the entire fi eld of human issues 
in horticulture. This powerful ana-
lytic technique is currently the most 
commonly used research method for 
unraveling people’s perceptions of 
multi-attribute products and services 
(Green et al., 2001). Since develop-
ments in mathematical psychology led 
to its conceptual framework (Luce and 
Tukey, 1964), the conjoint methodol-

ogy has received widespread attention 
from academia (Green and Srinivasan, 
1978, 1990) and practitioners (Cattin 
and Wittink, 1982; Wittink and Cattin, 
1989; Wittink et al., 1994). 

In response to the need for 
rigorous scientifi c investigations of 
people–plant interactions, and sup-
porting the view that horticulturists 
have an important role to play in such 
research (Shoemaker et al., 2000), this 
paper explains the principles and un-
derlying concepts of conjoint analysis 
for application in the area of human 
issues in horticulture. The objective is 
to provide a framework for conducting 
conjoint analysis projects in the area 
of people–plant interactions, drawing 
on a conjoint study of people’s evalu-
ations of outdoor ornamental plants 
(Brascamp, 1996) to illustrate the pro-
cess. Further application opportunities 
for the methodology in people–plant 
research are suggested to indicate its 
wide-ranging potential. 

While the focus is on one specifi c 
technique, the material presented here 
also serves a more general aim; that of 
encouraging people–plant researchers 
to explore techniques that are success-
fully applied in other research areas. 

Basic ideas of conjoint 
analysis

Conjoint analysis is based on 
people’s evaluations of factorially de-
signed product or service alternatives 
(Carroll and Green, 1995). A typical 
conjoint analysis study begins with 
determining the product or service 
attributes to be included, followed by 
specifying attribute levels. Attributes 

are product or service characteristics, 
such as price, color, styling, and speed 
of service delivery. The selected at-
tributes are then treated as factors 
in a factorial design, each occurring 
at a range of levels. Each treatment 
combination constitutes a product or 
service profi le, defi ned by a particular 
set of attribute levels. Profi les are rep-
resented as illustrations, descriptions, 
actual objects, or product concepts. 
Data are collected from respondents 
who are asked to evaluate the profi les, 
for example, by rating them on a pre-
determined preference scale. In most 
marketing applications of conjoint 
analysis, evaluations are related to 
perceived product quality or intention 
to purchase. In general however, evalu-
ations may be of various kinds, ranging 
from attractiveness ratings to physi-
ological or psychological responses. 
People’s evaluations of, or responses 
to, any multi-attribute object, scene, 
service or task can be investigated with 
conjoint analysis. Respondent evalu-
ations serve as input for an analysis 
of variance type of approach. Using 
respondent evaluations of profi les 
as the dependent variable, conjoint 
measurement studies reveal to what 
extent individual attributes infl uence 
respondents’ overall evaluations. Thus, 
conjoint analysis of people’s evalua-
tions of alternative profi les provides 
insight into the make-up of their overall 
evaluations, dealing with the question 
why certain profi les are preferred over 
others. Detailed overviews of conjoint 
analysis are presented by Curry (1997), 
Green et al. (2001), Gustafsson et al. 
(2001), and McCullough (2002).

Selection of attributes and 
specifi cation of attribute levels

Since conjoint studies are based 
on a factorial design and the number 
of treatment combinations increases 
exponentially as more attributes are 
included, the number of attributes and 
their levels that can be taken into ac-
count may have to be limited to avoid 
information overload for respondents 
(Green and Srinivasan, 1978). When 
making choices between different 
brands or products in real life situa-
tions, people often consider a limited 
set of alternatives, and evaluate each 
alternative on a subset of attributes 
(Lussier and Olshavsky, 1979).

Preliminary research is necessary 
to gain some insight into such subsets 
of attributes and for the conjoint data 
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collection phase to result in meaningful 
and reliable information. In her study 
on garden center customer evalua-
tions of outdoor ornamental plants, 
Brascamp (1996) conducted prelimi-
nary interviews, questioning garden 
center customers regarding attributes 
of outdoor plants that are important 
to them when making a purchase selec-
tion. Eight plant attributes were thus 
suggested for inclusion in the conjoint 
study: price, fi nal height, health, suit-
ability for the respondent’s garden, 
shape, fl ower color, bushiness, and 
leaf color. Three levels were selected 
for the fi rst four attributes, and two 
levels were assigned to each remaining 
plant attribute. For example, three fi nal 
height levels were specifi ed: <1 m, 1–2 
m, and >2 m (1 m = 3.2808 ft). Dark 
green and light green represented the 
two levels assigned to the attribute 
“leaf color”. Elicitation interviews 
avoid researcher bias in the attribute 
selection process, minimize the risk 
of including irrelevant attributes, and 
elicit attributes and attribute levels in 
terms commonly used, and therefore 
easily understood, by respondents 
(Louviere, 1988). 

Experimental design
Various data collection procedures 

can be used for conjoint analysis (Green 
et al., 2001; McCullough, 2002), 
using full profi les that each represent 
the full set of attributes accounted for 
in the study, or partial profi les where 
each represents a different subset of 
attributes included in the study. Thus, 
in the full-profi le procedure, profi le 
alternatives are presented in a more 
realistic way, utilizing all attributes 
under study, with the attribute level 
combinations in each profi le being 
determined by a factorial design (Green 
and Srinivasan, 1978). Maximum 
information in a full-profi le study is 
theoretically obtained with a complete 
factorial design. However, as the num-
ber of profi les an individual respondent 
is required to evaluate, increases, the 
reliability of the information obtained 
decreases due to information overload 
on the part of the respondent (Green 
and Srinivasan, 1978). Since people’s 
preferences are commonly infl uenced 
by the joint effect of “more” rather 
than “few” product attributes, conjoint 
research design usually necessitates a 
trade-off between information and 
reliability. For example, a complete 
factorial design for a full-profi le study, 

such as the one conducted by Brascamp 
(1996), with eight attributes, four at 
three levels and four at two levels, 
would require each respondent to 
evaluate 34 × 24 (= 1296) profi les, 
clearly an unrealistic task. The essential 
feature of conjoint analysis is estimation 
of the quantitative effects of product 
attributes and attribute levels on re-
spondents’ evaluations using fractional 
factorial designs, whereby fewer than 
all possible profi les are presented to 
respondents. Thus, each respondent 
is asked to undertake a realistic task 
(evaluate a relatively small number of 
profi les), whilst the researcher recog-
nizes potential information loss for the 
sake of increased reliability about those 
effects estimated. Comprehensive dis-
cussions on the theory and practice of 
developing fractional factorial designs, 
either manually, or to select and adapt, 
where necessary, computer-gener-
ated fractions, are available (Gunst 
and Mason, 1991; Hinkelmann and 
Kempthorne, 1994).

In fractional factorial designs, 
some high-order interaction effects, 
such as effects of interactions be-
tween three or more attributes, are 
confounded with some low-order ef-
fects, such as main effects or effects of 
interactions between two attributes, on 
the assumption that those confounded 
high-order effects are negligible 
relative to explaining response variable 
variance. The result is a reduction in 
the number of profi les required to esti-
mate effects of attributes and attribute 
interactions that are considered to be 
of likely signifi cance. Confounding 
high-order interaction effects implies 
a loss of information, since their effects 
can no longer be estimated. However, 
since the proportion of total variance 
in responses accounted for by interac-
tions between three attributes seldom 
exceeds 2% to 3%, and higher-order 
interaction terms explain even less 
of the variation (Louviere, 1988), 
the extensive use by conjoint analysts 
of fractions of factorial designs that 
confound some such interactions with 
lower-order interactions is justifi ed. 

Preliminary research may provide 
justifi cation for trade-offs between 
low-order interactions, if there are 
strong indications that some low-order 
interactions are more important than 
others in explaining response variable 
variance. In the study of Brascamp 
(1996) with four three-level attributes 
and four two-level attributes, and thus 

34 × 24 (= 1296) treatment combina-
tions (profi les), results of preliminary 
interviews indicated that only a limited 
number of interactions would likely be 
of importance in affecting consumers’ 
overall evaluations of outdoor plants. 
The attribute “price” was expected 
to interact with each remaining at-
tribute. It also seemed plausible to 
assume that consumer preference for 
a particular leaf color depends on the 
brightness of the fl owers. Likewise, 
the attributes “shape” and “bushiness” 
were expected to interact. Assuming 
that remaining interaction effects were 
negligible, their terms were used for 
the development of a fraction of the 
complete factorial design and subse-
quently for the specifi cation of blocks 
within this fraction.

Since, in a fractional factorial 
design, each respondent is to evalu-
ate only a relatively small number of 
profi les, this set can be considered as 
a “block” in classical experimental 
design terminology. These block, or 
respondent, effects can in turn be con-
founded with interaction effects that 
are considered to be non-signifi cant, 
thus further reducing the number of 
profi les in the set to be evaluated by 
a respondent. 

A replicate of the fractional facto-
rial design will consist of the responses 
of x respondents, each evaluating y 
different profi les. The effi ciency with 
which the selected effects are estimated, 
can be increased by using a number of 
replicates of the basic fractional factorial 
design. As the number of replicates is 
increased, the variance of the estimated 
effects decreases. The possibility now 
arises that different confounding ar-
rangements can be used in different 
replicates, thus increasing overall the 
number of effects that can be estimated, 
but with a consequent loss of effi ciency 
with which at least some effects are esti-
mated. Whilst this possibility is not ex-
plored further here, Brascamp (1996) 
took advantage of this opportunity in 
her conjoint research. The resulting 
fractional factorial design consisted 
of 288 sets of six different treatment 
combinations (plant profi les), arranged 
in eight replicates, each using a differ-
ent confounding arrangement, and 
each replicate consisting of 36 blocks 
(respondents) of six treatments per 
block; hence 1728 responses from 
288 respondents. The basic design was 
then repeated six times to give a total 
of 10368 response observations.
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Profi le presentation

Once a design is constructed, the 
profi les can be developed. Treatment 
combinations can be presented in ver-
bal, pictorial, or combined formats. In 
some cases, for example, in the study 
on recreational value of rural areas by 
Goossen and Langers (2000), with 
attributes such as noise levels and ac-
cessibility, the verbal format may be 
the only practical option. The textual 
approach, where respondents are pre-
sented with stimulus cards on which 
the levels of each attribute are defi ned 
in words, is simple and often effi cient 
in data collection. Visual stimuli on the 
other hand, more closely resemble real-
ity, positively affecting the validity of 
responses, in particular where product 
styling or design is an important aspect 
of the research (Loosschilder et al., 
1995). Responses to landscapes and 
environmental evaluation (Earnhart, 
2001) generally fall into this category. 
Moreover, pictorial presentations of 
treatment combinations are likely to 
reduce the complexity of the task fac-
ing individual respondents. Such pre-
sentations require a different, simpler 
information processing system than 
do verbal profi les that need to be read 
and subsequently visualized (Green 
and Srinivasan, 1978). Comparing 
different visual formats, Jaeger et al. 
(2001) suggested that photographic 
images, instead of physical prototype 
stimuli, are appropriate to represent 
alternatives of well-known products 
or objects. 

Brascamp (1996) designed profi les 
using a combination of visual and verbal 
information. Profi le cards consisted of 
a hypothetical plant, illustrated in terms 
of fi ve of the eight attributes (health, 
shape, bushiness, fl ower color, and leaf 
color), and included descriptions of 
the remaining attributes that did not 
lend themselves for visual presentation 
(price, fi nal height, and suitability for 
the respondent’s garden).

The estimated model
The basis for models proposed for 

application in conjoint measurements, 
is referred to by Green and Srinivasan 
(1978) as the part-worth model, and 
can be expressed as follows:

Yj = Σt
p=1 fp(xjp)

where Yj is an individual’s evaluation 
of the jth profi le; xjp is the level of the 

pth attribute for the jth profi le; fp is a 
function denoting the “part worth” 
of level xjp for the pth attribute of t at-
tributes. The outcome of this model 
is a set of part-worths (numerical ex-
pressions) of the contribution of each 
attribute level to the overall evaluation. 
Part-worths so obtained can be used 
to estimate the overall evaluation of a 
profi le representing any combination 
of attribute levels. 

The model can readily be extended 
to account for effects of attribute in-
teractions. If, for example, variations 
in profi le evaluations were completely 
accounted for by effects and interac-
tions of two attributes s and t, each with 
two levels, then, assuming an additive 
function of judgments, an individual’s 
evaluation of a profi le is described by 
the following model:

Yij = µ + Si + Tj + (ST)ij

where Yij is the evaluation of profi le ij; µ 
is the mean of profi le evaluations; Si and 
Tj estimate main effects of attributes s 
and t; (ST)ij estimates the interaction 
effects between attributes s and t.

Data collection and analysis
In full-profi le conjoint studies data 

can be collected using either a ranking 
or a rating scale. In ratings-based con-
joint approaches, respondents evaluate 
profi les on a predetermined scale, such 
as a likelihood-of-purchase scale, or 
an attractiveness scale. When using a 
ranking scale, respondents are required 
to rank profi les in order of prefer-
ence. Rating scales have become more 
popular than rank orders in commercial 
applications of conjoint analysis. This 
is possibly due to the confi dence of 
conjoint analyzers in the metric quali-
ties of data generated by ratings-based 
conjoint studies, and therefore, in the 
appropriateness of analysis of variance 
(ANOVA) approaches (Wittink et al., 
1994). Whereas rated profi le evalua-
tions express the intensity of prefer-
ences, ranked data just represent an 
order of preferences (Gustafsson et 
al., 2001). Whilst there are software 
packages available that have been 
designed specifi cally for ratings- and 
rankings-based conjoint analysis, such 
as from Sawtooth Software (2002) and 
SPSS Inc. (2004), metric full-profi le 
conjoint data may serve as input for 
any statistical package that can perform 
an ANOVA.

Evidence suggests that the perfor-

mance of full-profi le conjoint analysis 
in terms of its predictive ability is im-
proved by “warm-up” tasks prior to 
actual conjoint data collection (Huber 
et al., 1993). Warm-up exercises or 
training procedures allow respondents 
to familiarize themselves with attri-
butes and their levels included in the 
conjoint task, and with the presenta-
tion format. This may be particularly 
important when studying topics other 
than non-durable consumer goods, 
that are unfamiliar to respondents, 
and for which purchase decisions or 
other evaluative judgments are made 
infrequently (Jaeger et al., 2001), such 
as environmental evaluation. In her 
warm-up exercise, Brascamp (1996) 
presented respondents with cards on 
which individual plant attributes and 
levels were described and illustrated 
where appropriate. Respondents were 
asked to rank the levels of each attribute 
in order of preference, and to indicate 
the importance of each attribute in 
determining the choice for a particular 
plant. For the conjoint data collection 
phase, respondents were asked to rate 
each of six plant profi les on a scale 
from 1 (very attractive) to 7 (very 
unattractive).

A variety of parameter estimation 
procedures exists for conjoint analysis 
(Carroll and Green, 1995; Green et 
al., 1993). In full-profi le conjoint 
studies, evaluations typically serve 
as input for an ANOVA or a variant 
thereof. The model specifying the 
relationship between dependent and 
independent variables when assuming 
an additive function of effects can be 
written in matrix and vector notation 
as follows: 

Y = Xβ + ε

where Y is the vector of observations 
(evaluations); X is the design matrix; β 
is the vector of unknown parameters; 
and ε is the vector of error terms. 

Brascamp (1996) used the Gener-
al Linear Model procedure of SAS that 
routinely solves the normal equation 
X’Xb = X’Y, producing a generalized 
inverse (X’X)–1 and a solution b for β, 
which equals (X’X)–1X’Y (SAS Insti-
tute, 1989). ANOVA results provided 
statistical evidence that effects of all 
plant attributes included in the study 
were signifi cant (P < 0.05). Preference 
for a particular price level depended on 
the health status, the fi nal height, the 
suitability for the respondent’s garden, 
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and on the shape of the plant. A signifi -
cant interaction also existed between 
the shape and the degree of bushiness 
of a plant (P < 0.05). In an ANOVA, 
numerical values are assigned to each 
level of each attribute and interaction. 
For example, the effect of a poor health 
status, expressed as a deviation from 
the overall mean rating of µ = 3.3, 
was –1.1. The effect of a good health 
status on people’s profi le evaluations 
was +0.9. Results can be used to project 
evaluations of any combination of at-
tributes, so that one could, for example, 
calculate which profi le would elicit the 
most positive response.

Hays’ omega squared values 
(Green et al., 1988; Hays, 1963) were 
calculated for signifi cant effects and 
interactions to measure the strength 
of association between these and the 
response variable. Calculating omega 
squared values as proportions of the 
total variation accounted for by sig-
nifi cant effects and interactions, the 
attribute “health” accounted for 38.7% 
of all variation. The attribute “health” 
was followed in importance by the attri-
butes “suitability for the respondent’s 
garden” (29.4%), “shape of the plant” 
(14.6%), “bushiness” (6.8%), “price” 
(3.6%), by the interaction between 
“price” and “fi nal height” (3.4%), and 
fi nally by the attribute “fi nal height” 
(1.7%).

In summary, the analysis reveals 
to what extent attributes and their 
interactions infl uence people’s evalua-
tions, and estimates the contribution of 
each attribute level to people’s overall 
evaluation of a product or service.

Applications of conjoint 
analysis in research on human 
issues in horticulture

Conjoint analysis lends itself for 
application in each of the fi ve key re-
search areas identifi ed by researchers 
and practitioners in the fi eld of human 
issues in horticulture. These areas in-
clude human well-being, people–plant 
interactions in urban settings, chil-
dren–plant interactions, physical and 
perceived quality of the environment, 
and economic aspects of relationships 
between plants and people (Lohr and 
Relf, 1993). In each priority area, the 
core question pertains to people’s 
responses to plants. Conjoint analysis 
provides a methodological framework 
for quantifying such responses, thus 
leading to a greater understanding of 

the way in which plants can be used 
and landscapes can be designed, for 
the benefi t of humanity. The decom-
positional nature of conjoint models 
overcomes an important dilemma 
facing researchers in the fi eld of hu-
man issues in horticulture: that, while 
people generally have no diffi culty 
expressing their preference level for 
a scene or a product, they are often 
unable to identify reasons for their 
preferences.

Conjoint analysis input is not con-
fi ned to people’s evaluations of certain 
plant products, landscapes or horticul-
tural services, but can be extended to 
include physiological responses, for 
example by using blood pressure or 
heart rate measurements as the depen-
dent variable in the conjoint analysis 
model. Conjoint measurement can also 
be applied to study people’s emotions 
evoked by certain stimuli (Kellaris and 
Kent, 1994). Effects of plants on people 
are well documented (Lohr and Relf, 
2000) and several theories have been 
developed to explain such infl uences 
(Relf, 1999). Conjoint analysis offers 
an additional tool to take human is-
sues in horticulture beyond the stage 
of identifying the benefi ts of nature, 
to the level of quantifying the relative 
contributions to these overall benefi ts 
of specifi c aspects of people–plant inter-
actions. As such, application of conjoint 
analysis in people–plant studies will 
contribute to the development and 
establishment of this relatively young 
research fi eld as an area of rigorous 
scientifi c investigation with far-reach-
ing benefi ts for humanity. 
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