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Abstract

Ihe mereasing use of visual representation in natural resource management is signed
as o promising tool for enhancing the communication with bidirectional flow of
mformation among  stakcholders. Some targets are the transfer of scientific
knowledge to non-scientific groups and the study of perception that local
communitiés have about their environment. Both of them have critical importance in
developing countnies. The ohjective of this thesis was to get further knowledge on
zome topics and concerns related to the use of photographic material as surrogates of
natural grosslend arcas smong shepherds and extension advisers. The thesis
developed studies in two main grassland areas of Peru. The first study was carried
out in Azangaro, Puno, in the Peruvian High Platean. This study explored the
reliability amd validity of the use of visual material in performing assessments about
common concepls used in grassland management by extension advisers, whose role
in the chain of technology transfer 15 important in this area, The second area of study
was the SAIS Pachacutee, which involves a significant prassland area in Jumnin,
located in the central mountain region of Peru. Two main research topics were
investigated in this area. First, there were comparisons in the use of different
technigues (random and participatory approaches) for visual sampling in rangelands.
And second, the use of photographic malerial combined with Q methodology was
explored for the elicitation of environmental perceptions among shepherds and [ocal
administrations. Implications of results for future use of visual representation in

natural resource management are discussed.
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Chapter 1

Introduction

This thesis presents a study on the use of visual material as surrogates of natural
environments in topics of natural resource management. The thesis explores the wse
of visual material by farmers and extension advisers in developing countries. This
chapter serves as an introduction to the subject of this thesis. In section 1.1 a bref
overview of the motivation of the present research is presented. In section 1.2 o

chapter by chapter outline of the thesis is given.

1.1. Visual Representation and Natural Resource
Management

Visual representation (such as photographs, photosimulations, 3D modelling) in
natural resource management (NEM) has being used with different purposes for a
long time. Human capacity 1o process the visual nformation in an intuitive way
{Trumhbea, 1999 as well as the fact that almest all the decisions taken in activities of
MNEM require visual information (White, 1992 are some of the reasons why visual
representations have been prometed in this contexi. Natural resource scientists make
use of such represeatations for trying to get a better understanding of their data, for
communication of findings and dissemination of knowledge, for interacting with
stukeholders and tor getting further knowledge of human behaviours (Orland, 1992),

among others.



In turn, there s o constant debate about problems of communication between the
ditterent actors in MRM (e.g between rescarchers and farmers) (Ball, 2002). Some
authors argue that while one constraint of conventional research has been frequently
the limited contact that researchers wsed to have with farmers (e.g. livestock
researchers with resource-poor lhivestock-keepers) (Conroy, 2005), the inclusion of
lncal stakeholders in the research process 15 essential since NRM depends 1o a larpe
extent on decision making processes camied out by land users at farm and parcel
level (Bussink, 2003). Moreover, fammers use 0 own a rich base of local knowledge
about their environment and so local knowledge may contribute to provide important
information about local conditions. For example, Patrick {2002), studying the use of
satellite imagery for management of ephemeral surface water, found that visugl
interpretation of images by local people was more effective for fnding suitable ancas
for water harvesting than the interpretation made by the researcher in a computer-

based analyses of spectral data.

In this regard, visual representations are more frequently promoted in NREM not only
a5 just visual descriptive ads (e.g. Milton ef af,, 1998, Ottmar ef al., 2004) but also
ns support tools for enhancing public invalvement in participatory rescarch (cg. Al-
Kodmany, 1999). The use of visual representation for improving the communication
of information has been the subject of several studies (e.g. Al-Kodmany, 1999; Al-
Kodmany, 2002; Orland e af, 2001) to the point of having become a field of
research per se. Its use 15 even promoled by some researchers as a ‘common
currency”. which can be used in m-irectional communication processes where
different profile groups are mvolved (e.g. researchers and public) (Orland er af,
2001). Other researchers in planmng and design activities argue that visualizations
constitute a key element since 11 15 sometimes the only language that participants can
refate (Al-Kodmany, 1999; King ¢f al, 1989).

Moreover, wvisual representation 15 frequently used as a sumopate of real
covironments for the study of environmental pereeption sinee itz related costs are
lower and in general more afferdable than the possibility to tronsport the study's
participants to the area of interest. The visual representation makes it possible to

recreate some hypothetical seenanos which do not exist in the real environment but

]



which could be of interest in some research topics (e.g. the visual impact assessment
of a project or the output scenario of a simulation model run under specific

parameters).

In this sense, the wse of visual representation in natural resource management is
considered by some researchers as a powerful tool for interacting and improving the
understanding of the target wser (the stakeholder) as well az a way of getting
knowledge from the different human groups which are involved in the decision
making process (Orland ef af. 2000; Tress and Tress, 2003). As a result, managers
are being exposed to technical advances in visual representation, The development of
the area of visualization and Dis subsequent applications in the development of
realistic and non-reolistic computer generated images are the cause of the quandary

that many resource managers have about the use of such technology { White, [992).

However, the sceess (0 new technologies of visual representation is still limited in
poar areas. There 15 still a technology break in rural areas of developing countries
due to economic restrictions and the technical knowledge required for the use of new
technologies of visualization, Asare ef @l (2003) discuss that while in developed
areas, the support for the use of computer graphics applications as an important
component for the development of enterprses of any importance has been
established over the last 20 years, in developing countrics the support for the
timplementation of this type of technology is still limited. The 1987 report on
visualization in scientific computing {MeCormick ef al . 1987) is one of the works
which contributed to the change of perception in the use of visual representation as
“nice pictures but only marginal io the success of other fields™ to the aciual use as

part of the development {Asare er al, 2003).

On the other hand, in poor arcas, the use of technologies of visual representation
such as computer graphics iz still limited by the prohibitive costs to local population
of rural areas. As it 15 the case in Information Communication Technologies (ICTs),
difficulties related to infrastructure, educational development and training, isolation

from the new approaches, financial and political constraints as well as limited



support, and social snd cultural challenges are the major preblems in the
implementation of computer-based technologies (Asare ef al. 2003; Pade ef al
2006). As a result, the use of more affordable options, such as photographs, draowings
and charts (e.z. Waller ef al., 1998) dre often used in these areas for the presentation
of information to local stakeholders. In this regard, some authors argue thal
photographs are suitshle tools rather than large-scale visualizations or abstract
representations tor the communication of an idea to stakeholders since photographic
material requires litlle interpretation by the stakeholder due to its realism and details
(Al-Kodmany, 1999 Orland ef af., 2001; Tress and Tress, 2003). Despite restrictions
in rural areas of developing countries, the utility of visual represenlation such as
photographs, 15 considered a promising medium to interact with local groups of

stakeholders {i.e. farmers).

However, in spite of the use of visual material has had in different ficlds of NRM and
the many claims about its applications across the literature, the verification of some
basic aspects of ils use by managers, such as its validity and reliability, remains an
open research field in NRM (Palmer and Hoffman, 2001; Sheppard, 2001).
Moreover, despite the common use of visual material in information transfer to local
stakeholders, limited research has been done to get further knowledge about the

visual literacy of local managers such as farmers or livestock-keepers.

In this sense, the goal of this research was 0 pet further knowledge on the use of
visual representation in namral resource management, especially in the conditions
presented in developing countries. This work was developed within the framework of
the project Virtual Laboratory on Systems Analvsis in mixed Crop-Livestock
Systems, supported by the System Livestock Program and the International Potato
Center and partners. For this reason, the major part of the present work was also
subscribed to the topic of grazging management activities, where a lot of the decisions
of farmers are based on visual information. Two main study areas cover this work;
both of them were located in high grassland areas of Peru (above 3000 m). The main
economic activity was related to the livestock and grazing management and so the

welfere of their local population depended mainly on such activity. Two main target



groups of stakeholders were involved in this research, the shepherds and the
extension advisers whose function plays a eritical role on the knowledge transfer in

these areas,

1.2. Outline of the thesis

Three main subjects debated across the literature were subject of research in this
theses: 1) the vahdity and relinbility of visual representation (photographic materisl
in this case), 2) its representativencss and 3) its applicability in the perception
research of these target human groups. The hypothesis of the present work was that
the application of visual material constituted a valid, reliable and useful tool for
being used in such context. The research was designed as a senes of chapters which

have been prepared for publication.

1.2.1. Chapter 2 — The use of visual representations in natural
resource management: an open research field

Drawing on several applications of visual matenal in different fields of NEM,
chapter 2 presents a review ol open research areas related to the use of visual
representations by local managers as well as potenhal problems in the development
of visual aids. Some questions such as “why to use visual representations in NRM?
of ‘how o produce more realistic visual representations of natural resources?” have
received some attention across the literature {(e.g. Ervin and Hasbrouck, 2001;
Hokkanen, 1999; Muhar, 2001). However, in spite of the many claims and the
common use of different types of visual material in NRM, there are several aspects
of its application, which still needs further research. As far as the literature review
allowed disceming, little knowledge about the verification of some claims in the

validity, representativeness and effectivencss of such toels 1s still lacking for itz use



pimong  farmers. Despite the advances in  visualization field, “are further
improvements n technology as urgently needed as further improvements in our
knowledge and control of how such systems are used?™ (page 13, Sheppard, 2001).
In this chapler, it 15 discussed that even some viswal formats commonly used in rueal
areas (¢.g. phodographic material) (Gomez-Limon and Fermandez, 1999: Milton of
al 1998; National Research Council U5, 1962, Ottmar e al, 2(04) present some
potential problems that can alter the validity and effectiveness ol its use. Across this
literature review it is recognized that among the areas which need further research
are included for example, the research questions: are visual representations valid and
teliable tools for its use by local managers in NRM? What approach 1o use for the
selection of visual material which is going to be viewed by local population? Are the
components which controls the visual attention in these tools the same across the

target group of viewers?

These research questions are the focus of the next parts of the rescarch although
some additional concerns are also reviewed in this chapter. 1t is proposed that even if
the use of visual material haz a long tradiion in NRM, there still persist knowledge

gaps about its use which needs further research.

T4, Chapter 3 — Exploring the validity of visual representation for

grassland assessment

Having as framework the Virtual Laboratory on Systems Analysis in mixed Crop-
Livestock Systems, the followmg chapters of the work were mainly carried out in a
mngeland context with the objective to get further knowledge of some open research
areas that were exposed in chapter 2. Livestock's contributions to the livelihood of
farmers are especially important for the resource-poor households. Conroy (2005)
stales the majorty of houscholds in rural areas of developing countries own some
kind of livestock. So the contribution of livestock to the livelihoods of people living
in these areas plays an essential role. For example, as a source of cash meome, liquid
asset, inputs to crop production, utilization by poor of land owned by other,



diversification of risk/buffer to erop vields, source of food and cultural values,
amoeng others (Conroy, 20051 As a result, different approaches have been used for
rise livestock productivity as well as the sustainable support of rangelands (e.p
Conroy, 2005, Hellernan of af., 2004; among others). In this case, livestock research
has made use of visual matenal for information transfer among local stakeholders in
order to improve the communication of research findings and aid tools in rangeland
assessment {e.g. Milton of af. 1998, Ottmar of al,, 1998, Oltinar ef al., 2004; Wright
et al., 2002),

An important assumplion of the use of visual representations in this context and in
MNREM 1n general 15 that these representations are valid and reliable tools. That 15 that
the viewers' responses to visual representations provide valid indications of
perceptions and judzments made in response to direct experience with the landscape
conditions nominally represented (Daniel and Meitner, 2001). In this regard, thers i3
the assumption that visual representation can be used as valid support teols when the
rangeland assessments are required by land users, However, the validity and
reliability (e consistency of the assessments among evaluators) of  visual
representations i a rangeland context have received Hittle attention by the
researchers. In spite of several studies which report the walidity of visual
representations (e.g.  photographs) as surmogates of the real environments, these
studies have been performed in different topics (e.g. scenic beauty) and little research
has been done in the validity of visual material for decisions taken by local land usery
in rangeland context. Moreowver, little rescarch can be found about the validity of the
use of visual representations in poor rural areas such ad the ones found in the

rangeland of developing countries.

Chapter 3 gives some insight in this research topic. For this, a study was camied out
in a grassland area of Puno, Pemt. Through the use of photographic material, it was
explored the validity and refisbility of the wse of visual material by extension
advisers working in the study area. In addition, although the use of software for the
production of computer-based visual simulations (e.g. 3DNature) in the studv area 15

still not available due to costs and the needed infrastructure, the study presented in



Chapter 3 alzo explores the level of realism-ahstraction which can be included in

valid computer-based representations in this rangeland context for future use.

1.2.3. Chapter 4 - Comparing technigues of visual sampling in
rangelands: Random versus participatory fechniques

Following the cpen research questions identified in Chapter 2, one related topic that
relatively litlle atteation has obtained from researchers and practiioners is the
representativeness of such visual material. Whilst there are multiple approaches for
obtaining samples of the ecological or topological landscape, little research work 15
found for obtaining samples of the seen landscape (viswal sampling) (Hull 1V and
Revell, 198%9). There are an infinite number of scenes to be photographed across an
arex. The selection of each scene o be included n the visual sample 15 based not
only on the selection of the plece from where to take the photograph (vantage point)
but also what to ‘see’ from that place. This faet adds a critical element when the
visual sample is used in tasks of visual assessment; the photographs have to reflect
not only a representative sample of the properties of physical environment but also
the vizible clements that determine how people view this physical environment (Hull
IV and Revell, 1989). In this sense, Chapter 4 provides an exploratory study for
comparing three methods for visual sampling a grassland area in Junin, Peru. The
study has the objective to contrast the visual elements token by the selected metluods
in order to use the obtained visual sample in a subsequent research which involves
the study of perceptual assessment by local land users (shepherds) in the study area
{(Chapter 5}, In this regard, the inclusion of vizsible elements which could be relevamt
for the perceptual judgement is an important component for the success of the visual

sampling.



1.2.4. Chapter 5 = Use of visual material for eliciting shepherds’
perceptions of grassiand in Highland Peru

Following the study of chapter 4, chapter 5 provides o study carmied out in the
grasuland area of Tunin in order to get further knowledge about which are the visible
elements that are important for the perceptual judgement of local lamd wsers. In this
regand, the study in chapter 5 extends the work presented in chapter 4 through the
exploration of the elements of the environment that local land users ‘see’ in the

photographs {(visual sample).

In the ficld hivestock participatory research, the use of visual aids has been promoted
as tools to enhance the interaction with farmers. For instance, the use of visual
material has been suggested as aid tools for the elicitation of information about
lvestock production and tyvpes of livestock that each houzehold have (Conroy, 2005).
In contrast, the scope of the work presented in chapler 5 addresses the use of
photographic matenal for studying the perception that local land vsers (shepherds)
have about their grasslands. This study explores the open rescarch questions: what
local land users {shepherds) *see’ for judping their prasslandsT Are there perceptual
differences across the local population? If so, which are the visible elements that are
relevant for the different perceptions? How are the responses using a visual
questionnaire compared to the responses obtained by other type of questionnaires
(e.g. verbal/written questionnaires)? For this, a @ methodology is applied with the
use of visusl material (visual sampled so the work in chapter 5 also provides an
exploration of this methodology promoted in different areas of perceplual research,
) methodology, developed by Stephenson (1953), is a rescarch method applied in
the study of people’s subjectivity. Although it iz based on factor analysis, the
difference with the ‘R method® (where the correlations are between viriables) 15 that
in @ method, the correlations are between the subjecis and across a sample of
variables {in this case, the photographs). In its more commonly used application, the
) methodology makes use of the presentation of written statements {Brown, 1930)

but other types of matenal have also been reported in ditferent research areas, e,
Fairweather and Swafficld (2001), Gabr (2004), and Swaffield and Fairweather



(1906). As far as the lterature review allowed diseemning, Q methodology with
visual matenal had not been previously applied for ranpeland assessment in a context
of developing areas, The work in chapter 5 shows that the methodology provides
some advantages when the rescarch involves some restrictions (g limited time of

interview, interest of the participant by the research. among others).

1.2.5. Chapter 6

Finally, Chapter 6 summarizes the discussion, contributions and describes directions
for future research. Implications for rangeland research and potential significance to

the use of other types of visual formats are provided.
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Chapter 2

The use of visual representations in natural resource
management: an open research field

21. Abstract

Yisual representations are frequently promoted as iools for enhancing the bi-
directional communication between and within different stakeholder groups in
natural resource management (NRM). Despite several claims have been made about
the effectiveness of wvisual representations for communication  with  local
stakeholders, the verification of such claims is limited and needs further research,
This paper reviews some concemns about the application of visual representations in
MREM and identifies some standing research guestions, which are relevant for the
improvement of participatory methods that use visual aids. NEM generally depends
on decisions made by the land-user at farm level. Therefore, this review is centered
on the use of visual representation tools by direct natural resource managers {(e.g.
farmers and pastoralists), However, il also pays some attention to the current use of
the touls by researchers. The review identilies research gaps in the use ol visual
representations as tools for enhancing discovery and information tramsfer and
discusses the use of support manuals for rangeland monitoring, the representation of
ditferent scenanos and ehertation of land-user perceptions. It 15 proposed that further
research in the identified arcas could enhance the effectiveness of visual tools and
can give betler insight into recurrent questions as to whether visual representations
are tools that in effect narrow the communication gap between researchers and

furmers.



2.2. Introduction

Puring the last decades, there has been a substantial development of decision support
woals i agriculture, such as crop and livestock simulation models (e.g Day, 2001;
Herrero ¢f al., 2007, Jones et al, 1998; McCown er al , 1996, Pokovai and Kowvacs,
2003; Sinclair and Selipman, 1996; Thomton and Herrero, 2001 ). These tools have
increasingly been promoted as uselul research and decision support aids not only for
scientigts but algo for sgricultural managers. By facilitating the transter of scientific
knowledge from researchers to managers (Parker and Sinclar, 2001) these tools
assisl the latter in making more effective decisions and mmproving agricultural
productivity, Ruttan (2002) argucs that substantial increases o scientific and
technical knowledge will be necessary, particulardy in developing countries, for
agncultural production to keep pace with increased food demand related to
population growth, He arpues that in the poorest countries, the transition from a
natural resource-based to a science-based agriculture, required to increase crop and
anitmal production, has been delaved as compared with the evolution of agnculture in
developed countries. Agricultural prodoction and  productivity in  developing
countries is below their potential due to a number of constraints and the failure of
conventional research. Indeed, paradigms of agncultural research, which have been
successful in developed countries, have not been effective in less developed areas
because they have often failed to recognize the particular circumstances of small
farmers (Conroy, 2005; Rocleveld and van den Broek, [996).

A critical requirement for the attainment of sustminable agriculiure s the active
participation of all different acters, including farmers and extension workers, during
the research for mew understanding and solutions (Pretty, 1993). Participation of
stakcholders not only increases the wentification of priority needs but also increases
the livelihood of technology adoption (Conroy, 2005; Heffernan et af, 2004).
Besides technology adoption, there is also a concern among researchers about the
low degree of adoption of support tools by extension workers and farmers in

agricultural practice. This so-called ‘problem of implementation” (McCown 2002a;
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MeCown 2002b) has originated & continuous discussion about the impact of the
investment related to the development of these tools (Leeuwis, 1903; MeCown,
2002a; Woods ef al., 1993}, Some actions have been sugeested in order to solve this
problem (e.g. extension activities for enhancing the use of information technologies
among farmers, the coordination and standardization of systems and databases
among scientibic groups and the implementation of more research on decizion-
making processes for the identification of *real information needs” of different
stakeholders) (Leeuwis, 1993), As there is still o need of sn effective communication
intertace among scientistz and policy makers (Grant, 1998), it has been suppested
that technology should be packaged m more ‘user friendly’ ols (Hofstede, 1992)
sinee many support devices are still inadeguate for providing an efficient way to
communicate with public outside the agricultural scientist groups (Cox, 19%6). Some
sugpestions include the use of a user-centered design (Lynch ef al, 2000; Parcer and
sinclair, 2001) and the involvement of the user dunng the implementation process of
the tool. Nevertheless, one of the major problems thal researchers have 0 overcome
15 to accomplish an effective ‘user-participation’, mainly because the factors
affecting the relationship between the user-participation and a successtul process of

adoption are not completely clear (Cavaye, 1995; Lecuwis, 19493),

Active participation of managers seems to be a key issue for the success of
technology development, adoption and impact brought about by continuous access o
new technology (Parker and Sinclair, 20010) but further research in the use of new
platforms of decision support and new forms of participation which could better
engage stakeholder™s interests are still required (Preity, 1995). For instance, studies
carried in South Asia have shown that fanmer participation not only improves the
collection of information (e.g. by cross.checking information by farmers) but also
increases the identification of the farmer with the research actvity (Campilan ef af .
2006). In addition, studies carmed out in Africa have shown that the involvement of
the farmers in the process of technology development indeed produces more suitable
practices for solving local problems (Reij and Waters-Bayer, 2001). Farmer
inovation programmes contributes to the expansion of the social capital by sharing
knowledge and products with other [rmers, encouraging the recogmtion of

innovators within the community and motivating the participation of farmers for



mnovating on their own initiative. As a result, the innovation process is promoted
instead of jost only the inmowations (Reij and Waters-Bayer, 2001 ). Nevertheless, one
weakness of participatory methods is that farmers’ response decreases in the course
of tme. Keoping the interest of farmmers is a difficull task due to “participation
fatigue’ (Campilan et al., 2006). In this context, the use of visual methods and the
application of advances in visual representation of natural resources (Brvin, 2001)
constitute an open and exciting fiell of research with promuising contmbutions for
enhancing the hi-directional flow of imformation between and within different
stakeholder groups and for bridging some communication gaps found in participatory

research methods and natural resource management {NFM).

The purpose of this paper is to review some open research guestions about the
increasing use of visual representations in NEM in the refermed context First, an
initial discussion about the potential user of wisual representations in MNRM is
presented. Nexl, some uses of visual representation for improving the processes of
communication and understanding in NEM are reviewed and related open research
aress are analyzed. Finally, some odditional concemns related to the use of visual

representations that matter to NRM are discussed.

2.3. The users of visual representation in NRM

The Agenda 21 of the United Nations Conference of Environment and Development
(LUNCEP) in 1992 states “In sustainable development, everyome is o user and
provider of infoemation considered in the broad sense. That includes data,
information, appropriately packaged experience and knowledge. The need for
information arises ot all levels, from that of semor decision makers at the national
and intemnational levels to the grass-roots and individual levels™ (UINCED, 1902,
Section IV, Part 40.1). Nonetheless, specificity 15 required and *evervone' should not
be targered as users when a ol is developed for decision-making support in WRM,

However, the recognition that an effective communication among the different
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relevant stakeholders 15 a requirement for the development of o given ool eriented Lo
a particular wser (Ramirez, [1998) makes the identification of those relevant
stakeholders a difficult task due to the diverse profile of the stakeholders to be of the
implicated. On the other hand, the identilication of the parficular user is also
difficult, as the decision maker who takes the critical decisions for farm management
is not alwivs clearly recognized among the tarpet audience for the technology
transfer activides. For instance, Solano er al (2001) reported in a study of the
decizion making process of Costa Rican dairy tarmers, that the decision making unit
compnsed a combination of actors while the extension and training activities was
always targeted 10 just one of the actors participating in the decision making process.
Thia 15 also the case of farming zystems in the Andes (Ravonborg and Westérmann,

2002), where decisions are made both at the household and community levels.

White (1992) stated that it is difficult to imagine any significant NRM activity that
does not rely to some extent on visusl representations. In thes regard, despite the
widely held view that visual representation could be used as a ‘common coin or
common language’ [or increasing communication among different groups (Al-
Eodmany, 19940: Al-Kodmany, 2002; Odand et af, 20001) and hence as a tool to
improve the communication for knowledge transfer, it has also been suggested that
visualization is sometimes seen as just the ‘ijcing on the cake’ dunng the
development of applications for supporting NRM (Anonymous, 1992). Three main
reasons could be related to the limited funclion of visual representation n science
communication (Trumbo, 1999), The first one is the possible intrinsic limitation of
the visual media related to its social science communicative value (Ruby, 1975).
“One picture is worth a thousand words, said an ancient Chinese; but it may take
1 0,000 words to validate it™ {(page 1245, Hardin, 1908). In this sense, it 15 argued that
stand-alone visual representations, without printed or spoken words, may not
transmit the complete concept io be communicated. Secondly, another reason to the
limited function of visual representation is related to our own limitations and our
culturally derived attitudes toward visual media msiead ol the visual media

limitations (Ruby, 1975), It iz argued that the communication through spoken/wntten



mode has been used for thousands of years by the human beings. ln contrast,
technology to produce visual media 15 recent and the scientific research about its
communicative potential is under study (Worth, 19%6). Last, but not least, the thurd
reason Lo the limited function of visual representations in science communication is
related to the fact that training in visual commurnication is not as frequent as it 15 in
written/spoken communication {Ruby, 1975), [t has been stated that visual literacy
has only received attention due to the influence of television on behaviour and
learning in children (Seels, 1994) and in additien, visual literacy within the
traditional education system has not been a priority (Trumbo, 1999). In this regord, 0
has been suggested thal more rining L scientists in communicetion is necessary for
transmitling scientific research to the public more effectively (e.g. how to present

new knowledge verbally and graphically) (Chappell and Hartz, 1998).

Diespite this, the use of visual material for NRM 15 not a new concept, Some current

maes are discussed in the next soctions.

2.4. Some applications of visual representation in NRM

WVisual stimuali are key componenis for the understanding of information. The
magnitude of visual processing and extracting miormation from visual stimuli by the
human brain 15 far greater compared to verbal processing (Graber, 1996) despite the
existence of individual differences in such tasks (Childers er al, 1983). The
recopgnized advantages that visual information has in cognitive processing in the
human brain compared to other types of information such as verbal or written (Tufte,
1983) suggests its potential use n Increasing environmental awareness and
influencing behaviour (Sheppard, 2006). In this sensc, some researchers promote the
uge of visual representation of complex information as an intuibive way to greatly
increase the comprehension of the data and for overcoming obstacles imposed by

social and educational condition as well s language in the communication processes
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(Alkodmany, 2002, Gooding, 2004, Heming, 1996; Lewis and Sheppard, 2006;
Paar, 2004). Az a result, viseal representation: have a long tradition in NRM, from
the use of drawings, maps and sketches (Tufte, 1997) to the use of computenzed
visualization lools for creatng realistic images of landscapes and its components
(Ervin, 2001} Its wse can be assessed according to the viewers of such

representations.

The remaining sections of this paper are onented to review some rescarch gaps m the
use of visual representaticns by local managers (e.g. land-nzers), making also some

reference to the cument use by researchers.,

2.4.1. Discovery

Visual represemtation and its contribution in the innovation processes are mainly
related in the literature to the process of visual thinking and its application by
scientists or practitioners (e.g Gooding, 2004; Trumbo, 999 Trumbo, 2000).
Among rescarchers, one of the frequent uses of visual representation has been as a
teeol for enhancing the scientist’s ability te acquire knowledge and share and transfer
the information to other scientists {Lynch, 1985; Trambo, 19997, 1t has been scen as
a key tool for improving the understanding in scientific reasoning, credtive thought
and discovery. In this regard, visual representation contributes to move forward
science g to improve the process of discovery (Trumbao, 1999) because it iz related
to the argeably key component of creativity: the analogical thinking {Bonnardel,
2000, Hargittai and Hargittai, 1994; Gasser, 1999; Goel, 1997; Messaris, 1998,
Mitchell, 1993; Ward, 2004). It has heen argued that unlike the way of processing
verbal language, visual representations are based on analegical thinking (Messaris,
1994 Messars, 1998) and this raises the value of images’ role in creative thought.
As an example, Messaris (1998) points out that a classic illustration of this 18 the
reasoning that Friedrch von Kekule followed in the 19th century when he discovered
the structure of the benzens molecule. After unsuccessful long time of work trying to
solve the difficulties preseated by incongrueat Gacts in the initially proposed structure
{six carbon and six hydrogen atoms placed in a row), he found the solution inspined



by o dream where he saw the form of a snake taking hold of its tail. By analoey with
this image and after rensoning the implications, he propesed that the structure of the
benzene molecule was based on atoms placed in a eircle, which was confirmed by
subsequent research. Analogical thinking of visual representation is related not only
with realistic representation but also with more abstract visual representation such as
the graphic displays (lL.e. bar graphs. charts, maps) of guantitative information
{Messans, 1998, Tutte, 1997). In this case, an analogy 1 created between the graphic

displays and the related physical quantities.

On the other hand, among natural resource managers such as land-users (c.g
furmers, pastoralists), the potential use ol different types of visual representation (.,
photographs, diagrams or more sophisticated tools such as virtual environments) for
creative thought is stll not well documented. Although it is known that their daily
chores are mainly based on decisions that rely on visual stimuli (eg visual
asaessment of rangeland conditions) (e.g. Dougill and Reed, 2005; Reod and Dougill,
20023, the knowledge of how the use of visual representations could improve the

processes of discovery and mnovation by land-users 15 scanty.

There is some evidence on the use of visual media that the analogical link of images
differs according to cultural values (Paamonte ¢f af, 2001, Radley and Kennedy,
1997). Indeed, visual material (e.g. photographs) has often been used for studying
preferences among different group profiles, e.pg livestock farmers, officers of the
public environmental admmistration and  recreationists  (Gomez-Limdn  and
Ferndndez, 1999). Consequently, it might be not surprising that the visual literucy of
furmers differs to the one of the authors (i.e. researchers) of visual aids included in
the tools designed for technology transfer (e g. bulletins, guidebooks, etc). However,
relatively little is reported about the level of adoption of visual aids designed by
external agents to the community as sources of information and even less, its

contribution to enhance farmer mnovation and discovery.
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2.4.2. Informative tools

Al-Kodmany (2002), reviewing the visualization tools and methods in community
planning, points out that “the conversion of abstract data into imagery greatly
reduces the nsk of confusion while honouring the inherent human preference for
visual information, Commumcation of ideas 15 as important as the information itself”
(page 19, Al-Kodmany, 2002). Indeed, the information to be communicated is
meaningless il the stakeholder cannot understand what is being presented. For
example, during the study ahout efficiency of Environmenial Impact Statements
(EIS), which disclose the impacts of a project in the environment, Sullivan e al
(1997) found that the application of incomplete forms to transmit information such as
inaccesaible EIS reduces the understanding of the proposed project. Consequontly,
there is a reduction of public participation in the relevant project as well 48 an
increase  of  public’s misunderstandings  and  misinterpretations.  Moreover,
participants may search for indirect sources of information and not the direct
viewpaoint of the agency that is proposing the project. Sullivan et of, (1997) showed
that EIS along with photosimulations (pictures of scenarios created by computer)
outperformed the understanding acquired of original EIS withouwt any wvisual

representation.

Likewise, the application of visual representations in decision-making processes that
involve planners, rescarchers, stakeheldeors and laypeople, is promoted as a powerful
ool for showing complex information, improving the communication process and
identifying stakeholder interests (Orland e «f 2001; Tress and Tress, 2003).
Moreover, sonw resesrchers argued that the use of visual materal increases the
engagement of the manager (eg, livestock-keepers) in the research, which is a
difficult task to achieve with other methods when high levels of illiteracy are found

{e.r. among women) {Conroy, 2005).

Despite all these arguments and the often use of visual aids (e.g. leaflets, brochures,
photographs, posters, multimedia, video) as support material for the dissemination of
information (Chirwa ef al., 2006; Heong ¢f @, 1998, Whitaker, 1993; Wijekoon and
MNewton, 1998), there are fow studies which compare the eftectiveness of different

types of information formats for knowledge-dissemination ameng farmers. For



instance, several studies report the application of different methods (from hendouts
to videoconferences) for mformation transfer about mastitis in dairy cattle among
farmers (Kanmurbo ¢f al, 2006; Peters ef al, 1986). However, the comparisom of
different methods in order w contrast its effectivencess and its cost still needs further
research. Bell ef al (2005) comparing different methods for training Tanzanian
smallholder farmers about mastitis in their dairy cattle, found that viswal methods
increase the success of knowledge transfer, 1e. the method which transmitied
mformation based only en verbal form (village nmeetings) were less effective than the
ones which included some type of visual information (i.e. village meeting and video,
diagrammatic handout, village meeting and diagrammatic handout and village
meeting, video and diagrammatic handout). Nevertheless, they also reported that
among the methods with visual aids, there was no benefit over the ‘diagrammatic
handout” method in isolation. That is_ the use of methods which required more effirt
in logstics and expenses produced positive knowledge-dissemination owtputs but did
not increase the effectiveness of the ransfer of information compared to more simple

and often used paper-based forms.

In spite of the increasing use of visual representations for enhancing technology
transter, the scientific literature that reports and compares the efficiency of the use of
visual material, is stll limited. There @5 a research need to get further knowledge of
the real impact of the incorporation of visual representations in NEM and its use
among farmers. On the other hand, it could be that, as Sheppard (2001) stotes, the
practitioners know quite well what the effectiveness of their own simulations is, and

that is why they use them: it is just the scientific knowledge that 15 lacking,

2.4.3. Support Manuals and Sustainability Indicators

Different approaches have heen used by scientists for the monitoring of natural
resources (e.g in rangeland assessment: Bosch and Booysen, 1992; Du Toa, 1995;
Stokes and Yeaton, 1994). However, these methods are ime consuming, complex or
too expensive for the small-scale farmers (Millon ef al, 199%; Reij and Waters-

Bayer, 2001). In this regard, visual representations have been promoted as useful
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tools for helping in the task of matural resource assessment and monitering (c.g
Mational Research Counail [1.5., 1962). For instance, Milion e all {1998) proposed a
puide based on more than 200 photographs, maps and diagrams with the objective to
facilitate the rangeland health assessment in ard Karoo shrublands. Designed for
medium — o larpe- seale mnchers ag target group, their purpose was to develop a
‘quick, casy, interesting and effective’ guide thal might encourage zell-leaming.
More recently, Ottmar ef al (2004) have also generated a photo senes for
quantifying Cerrado Fuels in Central Brazil which could serve o manmagers and
scientists for describing woody material, vepetation, and stand conditions in
comparsble areas. For this, the researchers included wide-angle and sterco-pair
photographs for showing cach selected site and complemented with infonnation on
vegetation structure and composition as well as living and dead fuels, The stereo-pair
photograph included for gach site onginates a three-dimensional image, which
enhances the viewer's appraizal of natural fuel, vegetation amd stand structure. In this
regard, the development of such guides has the objective to produce o tool which
could help in the ‘sustainable’ use of natural resources through empowering land-
users (o assess the condition and trend of their rangelands, promoting the engagement
of the land-users with such work, informing land users of findings and encouraging

further discussion about natural resource health {(Milton ef al, 1998).

Howewver, despite the common use of the term ‘sustainable’ in development
initiatives (Lele, 1991}, putting in practice it's monitoring is not &n easy task. One
approach for this has been the development of sustainability indicators. Their use has
become frequent by many governments, international aid agencies and authors of
research papers and participants of conferences (Bell and Morse, 1999; Lele, 1991)
in gpite of the fact that the use of simple indicatoes for summarising the complexity
of some dimensions propesed in sustainability frameworks can be viewed as a
dangerous simplification (Bell and Morse, 1999), The development of such
indicators is the subject of a wide debate among the scientific community (e.g. Bell
and Morse, 1999 Rell and Morse, 2001; Bell, 5., Morse, 5. 2003; Dougill and Reed,
2005; Pound e al, 2003; Recd ef af, 2000, Rigby ef of, 2000, Stocking and
Murnaghan, 2001 ). Indeed, part of the debate still focuses on basic questions such as

who may be the target user of such indicators, why these users may want to use them
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and how the provided information will be used (Bell and Morse, 2000; Righy of o,
2000).  Despite the long research effort, the limited use of the sustainability
indicators by managers on decision making and setting of policy has generated an
active debate among researchers (Bell and Momse, 2001; Brugmann, 1997; Pinficld,
1%56: Rigby ef af, 2000). Bell and Morse (2001) argue that this problem of low
adoption 18 due to the fact that most of the sustainability indicators developed by
rescarchers are based on frameworks which tend (o be more “guantitative and
exphcit’ while land users tend to manage information in a more “qualitetive and
implicit’ way. As a result, some researchers are proposing the inclusion of the active
participation of stakeholders as an essentizl component for the development of such
indicators at every stage of the rescarch process {Brugmann, 1997; Dougill and Reed,
20005; Pinfield, 1996).

In spproaches mentioned imtaally tor using visual representation in moenitoring, a
top=down (‘expert-driven’) process is generally used. That is. the researcher selects
the information to be included in the support gwdes for monitoring, eg. sites,
supplementary data (e.g. biomass, vegetation composition) and visual samples of the
site of interest (e.g taking one or more photographs) (National Research Council
LS., 1962; Milton ef al, 1998; Ottmar « o, 2004). Some input from potential
users can be requested to test and propose changes w the suggested guide before a
revised version i85 linally published for its vse (Milton er al, 1998). In contrast,
approaches that include community involvement from the first stages of the project,
o develop monitoring processes which can be more accessible o land-users,
promaote stakeholder interest in sharing local knowledge with external sources o the
community (c.g rescarchers and extension officers) and increase the adoption of the
proposed monitoring process. Stoart-Hill ¢f 2l (2005) reported a joint work among
government, national non-governmental organizations and rural communitics in
Mamibia for invelving the communities in the momtonng of their conservancy, A
main feature of their work was called the Event Book System, which was different te
previous approaches due (o the fact that the communities were who decided what to
monitor and provided the information for undertaking the monitonng, whereas
scientists only facilitated the design process. Their work was based on the monitoring

of stochastie events (e.gz. mortalities of wildlite) and the applied visual material (i.e
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pictures and icons) was mainly designed o assist semi- and illiterate members of the
community to understand and recall the tasks, Another recent study 15 the work of
Dougill and Reed (2005) for developing sustainability indicators for NEM at tarm
level in southwes! Bolswana. They propused a famework for the participatory
development of indicators through the combination of qualitative livelihoods analysis
with more quantitative participatory environmental monitoring research so that the
framework could integrate land-user knowledge with bio-geographical information.
In turn, they propoesed to disseminate findings through guideboeks, similar to the one
proposed by Milton ef ol (1998) but with the difference that these puides meluded
the indicaters generated by the participation of local communities and their use was
intended to have as arget user the local land-users. In this regard, there are some

isgues to consider sbout the use of visual representation in this arca.

If visual aids {e.g. in guidebooks) are designed for being wsed by land-users, it is
relevant to know how land-users may ‘read” these images, For instance, Oba and
Kaitira (2006) explonng the herder knowledge of landscape classification and
environmental assessments in arid rangelands of northemn Tanzania showed that the
Maasai herders make use of plant species composition, richness, biomass and cover.
Indeed, the presence/absence of key forage species and the increase of species less
preferred by the herd constitute indicators of degradation commonly used among
herders. If s0, the design of visual aids should take notice of such findings and what
the land-user really sees in the representation (e a photograph) during the visual

assessment

Moreover, the validity of visual representations s still debated (Daniel and Mener,
2001: Hull and Stewart, 1992), Validity is related to the congruency between the
measurement tool and the measured property, that is, whether the tool (eg a
photograph) measures the atmbutc or behaviour for what it was intended (e.g
farmer’s assessment in ity of the rangeland represented in the photograph) (Alarcon,
1991}, In this regard, if the monitoring process includes the comparison of visual
assessment of representations and visual assessment of real environments by local
communities, the validity of such representations constitute an impaortant 1Esie to be

considered for the effectiveness of such processes. Likewise, the selection of the

26



representation o be included in visual aids constitutes also a key step for the success
of their use. For example, repardless of the tramework used for the wdentification of
the specific area that is relevant to a problem, 1.e. a top-down (‘expert-led ') approach
or a bottom-up (*participatory”/ conversational’) paradigm, (Bell and Morse, 2001;
Fraser et al, 20006; Reed & al, 2004}, if the identified aren is represented by
photographic material, this representation only meludes a limited part of the view of
such arca. Human wvision mansges an angle of 1207 approximately whencas
photographs taken with standard cameras of 35mm wide-angle lens handle an angle
of only 607 (Palmer and Hoffman, 2001 ), Consequently, the selection of the approach
o be used for visually sampling the area constitutes an important step in the

development of such tools.

2.4.4. Different scenarios

Different approaches have been promoted for supporting the selting ol goals and
management strategies among stakeholders, These include, the use of scenario
analysis, which allows managers to explore alternative future scenarios, or the use of
decision support systems, which provide advice on how o develop management
plans (Reed of af, 2006). In this regard, a wide set of visual formats have been used,
from drawings and photosimulations to more sophisticated evolving technologies
such as digital three-dimensional (3D) representations (Ervin, 2001; Paar, 2006,
Punin and Pandey, 2006). [ndeed, different types of visual imagery (e.g. static,
animated and virtual environment image formats) are promoted as not only powerful
and efficient teals for communication of complex subtle and ambiguous relanonshps
within data sets (Orland ef al, 2001) but also as visual aids in participatory research
for “knowledge production” (i.e. formulation of research queshions, sources of
mformation and means for analvzing such  information, interpretation  and

dissemination of findings and results) (Ellwood, 2006).

As a result, several approaches and participatory methods that rely to some extent on
visual aids {e.g drawings, photosimulations, and 3D models) and public
participatory GIS (PPGIS) have been developed for improving communication
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among actors, Table 2.1 summanzes some frequently wsed participatory methods
(Al-Kodmany, 2000). The application of the different methods can be viewed
according to the empowerment it provides 1o the local people and the level of
participation that is promoted. For exampie, McCall and Minang (2005} characterize
the community participation aceording to its intensity and identify four levels. From
lowest to highest: the first level is *Reilitation’, so that manipulative and passive
participation 18 promoted to  introduce projects proposed by outsiders (e.z
participatory mapping i some rural appruisal stedies), the second one involves
approaches were outsiders consult selected 1zsues with local people and interpret
their answer into a ‘scientific’ framework (e.g. maps of needs), the third one includes
the participation in decision-making of all actors across the different stages of the
project (e.g. participation seen as a right) and the fourth one, scen as the strongest
indicator of empowerment, promotes the independent initiatives from local people

and self-mokilization.

On the other hand, the different methods suggested can also be judged by ther
effectivencss according o some features such as participants’ characteristies, skills
and experience, size of the arca under analyses, availeble resources and stage of the
process (Al-Kodmaeny, 2000). For instance, sketching and GIS are pointed out as
zuitable for problem recognition while photo-manipulation is regarded as suitable for

identifying solutions to the problem (Al-Kodmany, 15994,

More recent studies also suggest that farmers particularly prefer the use of scales that
reflects their day-to-day reality most closely (Bussink, 2003). IF so, the use ol the
new lechnologies, which can represent different scenaries at farm level, might bring
some unique rescarch opportunities (e.g. view of scenarios linked to ‘what (f°
questions), Indeed, the integration of visealization within software systems for
support management decisions is more frequently promoted due o the advances in
computer science. In this regard, an extensive review ahout the developing
technology for computer modelling of each componrent of natural environments can

be found in the work of Ervin and Hasbrouck (2001),
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Table 2.1. Some visualization methods applicd in participatory research

Mleihoad Deseription Reference
Aciivity bocation Porticipants’ judgements abewt local planning are elicied by SanalT, 1991
el esking participants o place cards, which nclode
feprasentalions of activbies, on o base mog,
Knowiedge of Lizing o sequence of sketohes, different scenarios {past, Sanoff, 1991
BIVIETEING present and possibee fulure) are showed 10 the participants in
environmenini arder b elicit their perceptions abaut lost qualitics and their
[ressEviE Lo aprinions about which qualities they would like o keep,
strnfegnes - KEEPS
Use of the on-the- Participais” apinions are captured within pasticipatory Bliing v el
apot akedching vearkshops with the help ol a desipn adast whe dovws sketches | 1980
hased an parmicipants” guidance,
Visual preference Parficipants’ preferences are elicited by azking them to rate Melesen,
survey - VIS different mages based on a numencal scale I Gl
Hands-on modeal 3-D mpedel= are manipulnted by panlicipants inorder to Melessen,
bilding express their alermstive site plans. 1 et
Crlrzen meural Pariicipants are asked 1o place words, symbols, sketches, PleClure ef
activily photas aml cartoons on wide sheeis of batcher-block paperin | afl, 1997
arder b show therr opmians.
Color-thve-Map Participants create their own mape based on their land-use Mol lure of
miethod plans. el [T
Phote-portfolio Pasneipants create a commen vision through dee selection of | MoClure er
miethod preferred images From a set and the subsequent crganization al, 19497
af tee selected maees a3 graphical pastebeard displays
Lize of (IS wnder n A universily or private fms give GIE support, dota and Harriz ard
fop-down model enabysis, Participants place guestions and issues b providing Weiner,
firm. 19946
Uiz of GIS under Participants help to eollect data and learn to use and analyze | Harris and
the conmumunity- GIS provicled by a third party. Weiner,
integrated GIS° 1994
mimide]
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However, such technology hag still its limitations. For example, the levels of realism
or accuracy achieved by sech representations are sometimes limited (Ervin, 20013,
The development of ‘good simelations” often requires the inclusion of details, parls
and overall contents (Sheppard, 1989) but there is often & difference between the
type of available data and the type of data necessary for a complete visual
represenfation of a scene at farm level {eg a landscape) Indeed, some
representations are built by the artistic manipulation of two-dimensional scanngd
photographic mages but the proposed modifications are generally based on the
*designer's conception of how the project mught look” and not on accurate data
sources (e ‘date-driven’) (Bergen et g, 1998), On the other hand, the development
of ‘data-driven’ representations includes a depree of abstraction due to problems
such as the limited knowledge of physical laws and systems and the complexity of
representing the interrelationship of their different elements, the magnitude of the
data, level of detail problems, among others (Ervin, 2001). In this regard, Sheppard
(2001) argues that although there 1s some information for current conditions of the
tandscape, actually there is few data systematically available to represent adequately
visual attributes of the actual view or to infer the future conditions of a complete
landscape in highly realistic visualization systems. Also, Damel (1992} argues that
despite & wide base study of the processes of measurement and statistics, which
translate states of the world into data, the inverse processes, which could be used 1o
translate the data into images, are mainly unexplored. He states, *There s rarely any
formal evaluation of how well data-based inferences match the intended
environmental conditions. Certainly there i3 no assurance that two individuals will
translate a given set of data into the same envirormental image, especially when
those individuals differ in the amount snd type of training for making such
translations™ (page 261, Daniel, 1992). In this regard, some research has being
carried out to enhance the link of data-driven simulations and realism (Bergen ef al,
1998; Orland, 1994). Digital elevation models, information ahout roads, streams and
boundaries, distribution of species and size classes and the appearance of individual
species and growth forms within a species are being used, among others, as base
information for creating some 3D visual representations of the landscape jointly with

interactive destgn activities to increase realism. However, further research and
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zsuitahle data are necessary for representations intended to be used by land-users at
farm-level. In tum, a ‘sufficient’ degree of realism should be pursved so that visual
representations can be valid surrogates in the perception ol natural resources (Bergen
ef al, 1998). The inclusion of higher degrees of abstraction might result in
misinterpretation and decreasing of the communication (e leaving eaps which

viewers fill with their imagimation) {Tress and Tress, 2003),

Moreover, in spite of the fact that there are some recent studies in the application of
3D visualizations, which showed positive results in the acceptability and
effectivensss of such decision support media by communities (Lewis and Sheppard,
2006; Mettner et al, 2005; Sheppard, 2005; Sheppard and Meitner 2005), such
technology 15 still inaccessible to farmers and extension workers, especially in

developing countries.

2.4.5. Land-user's perception

Despite there 15 a physical reality of the environment which exists independently of
our perception about it, the study of NRM is also linked to complex human-
environment interactions where the human pereeption of this physical reality plavs
an important role {Palmer and Hoffman, 2001). As a result, some rescarchers
consider the use of hybrid sources {gualitative and quantitative information) to record
not only physical aspects of natural resources but also to investigate opinions and
concerns of local communities about biophysical processes (e.z. Batterbury er afl,
1997; Holland and Campbell, 2005, Nygren, 1999, Thomas and Twyman, 2004).

In this regard, the wse of visual representations has been promoted as tools for
eliciting stakeholders’ perception, bascd on the fact that almost all people use visual
stimulus in their daily lives and visoal perception constitutes one of the main sources
of information to enable us to interact with the environment. Whilst the decision
making process of stakcholders might be guided by additional “expectations and pre-
existing mental content” which could influence the mental activily of the viewer
(Turk, 1992}, the use of visual representations gives new insights in the rescarch of

communities” perception, Indeed, over the last half-century visual tools have been
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used in & wide variety of research activities related o the perception of the
environment. These include the research of landscape quality and aesthetic appraisal,
perception of landscape changes by different groups {ec.g. recreationists and
ecologists) and environmental improvements, test of theoretical components, design
review and regulations, research of human-environment interactions, agricultural and

rural landscape dynamies (Paquette and Domon, 2001 ), among others.

Among the advantages of the use of visual representations for perception rescarch,
there i1s the argument that visual representations can be applied as a tool for the
expermental control of the simulated environment (Daniel and Meitner, 2001}, For
exumple, some technigues such as edited imapes and computer simulations have
been used not only o evaluate proposed changes to land uvse (Swafficld and
Fairweather, 1996) but also to construct scenarios in the past where the photographic
resouree 15 miked (Gomes-Limdn and Fernéndez, 1999}, Morcover, another
advantage of using visual representations could be based on the idea that we may
process the images in a similar perceptual way to the direct experience. Trumbo
(199%9) stated that visual representation to express scientific principles, experimental
data, or discoveries helps to convey meaning or to clarify ideas, [n addition, he
argued that whilst written language follows a cognibive processing, we resct to the
images before we understand them cognitively. In NEM, this argument can imply
disapreements in the research fndings according 1o the ool applied for eliciting
stakcholders’ perception. For example, Tyrvainen and Tshvanunen, (1999} found
differences in the public responses about perceptions of forest management using
two different evaluation methods, visual presentation and verbal questions. In their
rescarch, they linked the participants’ responses given to verbal stimulus with the
preconceptions that participants had and the responses given to visual stimulus with

the real perceptions of the suggested scenarios.

Likewise, as it was argued in a previous section. further research is needed in the

validity of visual representations. Several studies have reported the validity of the use

of visual material in comparisons with the conduct of the viewer in the correspondent
redl environments {e.g. the use of photographs: Daniel and Boster, 1976; Shafer and
Richards, 1974; the use of photosimulations, videos as well as simulation of physical
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environments using computer graphics: Bishop and Rohrmann, 2003}, Nevertheless,
its validity and reliability (i.e. consistency of the assessments among evaluators) in a
context of NRM where farmers or extension workers and their daily tasks are
mvolved is an open research field. For instance, Dougil]l and Reed (2005) in their
study of sustsinability indicators for NEM at fanm level in southwest Botswana
reported that the knowledge of the indicators among Kalahari pastoralists was
sparsely dispersed and differed between different social groups (i.e. classed by lond
ownership status). Some relevant concerns clicited by this finding might include
questions such as: Are visual representations valid tools for perceptual assessment if
these do not include the local knowledge and the visual clues that the viewers (eg
the Kalahan pastoralists) use to manage? Even if leaders of the target community
could be easily identified and involved in the development process of the visual
matenal, this does not ensure the validity of such tools, due to the possible presence
of different profiles of information management among comimunity members. For
example, when there s o differential access to mformation and ownership of
resources according the gender, rural women often manage different important
knowledge about foods, medical herbs, fibres and fuets (MeCall and Minang, 2003).

However, this knowledge is often “invisible' in information given by men’s account,

Moreover, Palmer and Hoffman (2001) reviewing some studies which reported
positive results about the validity and reliability of visual representations, found
problems in the research methodology applicd, which could change the reported
findings of such studies. They stated, *. . authors almost always report the reliability
of the group's mean rating and not the reliability of individual ratmgs. Similarly,
when evaluating the validity of photographic landscape representations, authors
almost always report the correlation of mean ratings for a group of representations
compared to ratings of the actual settings they represent” (page 151, Palmer and
Hoffman, 2001}, In this sense, they argued that an error in the selection of the unit of
analysis might lead to observed errors in the results of the analysis. That is, the
analysis done in provped data may provide different resulls with non-grouped data
{Robinson, 19503, Moreover, the vizual sampling procedure again 15 determinant in
the stiedies of validity of visual representations, which will be wols for research in

human perception about natural resources. The method applied in the selection of
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visunl représentabions determines the representativeness of the visual material (Hull

1V and Revell, 1989).

2.4.6. Some additional concerns related to the use of visual
representation in NRM

24.6.1. Suitability of the use of visual representations

Mot all types of information are suited to be represented by visual material. In order
to represent different scenarios (e *before’ and ‘after’ photosimulations), it is
evident that the representation must include a physical and visible change (Sullivan
et al, 1997). For instance, the water quality or the change of temperature would be
characterishics difficult to observe in an image. In this regard, Hethernngton ef af
(1993) reported that still photographs were less sensitive to assess changes in the
ftow levels of a river than other types of representations, which incloded motion
display. Nevertheless, whenever the use of a relevant visual representation is
tensible, the validity and the characteristics of the use of the representation should be

considered.

2.4.5.2.Ethical concerns

Owing (o the persuasive power that the use of visualizations can have on perceptions
and decisions and the reliability of such representations, ethical concerns have been
expressed by some researchers about the unstructured use of visual representations
for decision support (Palmer, 1994; Sheppard, 2001; Sullivan ef al, 1997). Despite
the scarce scientific research on the effective influence of visual representations on
the decision making process, the inaccuracy or bias of such tools 13 a matter of
interest due to its potential impact. In this regard, Sheppard (2001 ) discusses the risks
of using the capability of visual tools as ‘crystal balls’, which would permit the
handlers of the visual representations to convinee users with inexact or incomplete

material. Concurrently, Obhermeyer (1998) points out that one of the risks of using
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visual representations is that no matter the underlving ideas or data, the visualization
technology can make a proposal appear more aethentic and authoritative than it
otherwise might be. Indeed, fashiness of visual representations ean produce false

legitimization of 'bad” data (Abbott e ol 1998; MeCall and Minang, 2005).

As a result, Sheppard (2001) proposed the establishment of a framework, which
could guide the creation and use of visual representations. He stated that this
framework should include genersl principles and responsibilities laid down in a code
of ethics, best practice guidelines, standards, and specific procedures to assisl
practitioners directly in theirr visualization work and professional support networks

and institutions,

However, little efflort has been reported in this sense. Further work 15 needed in this
ficld since thiz ethical concemn is relevant for ensuring the etficiency of visual tools,
the trust of the stakeholder and the adoption of such tools. For instance, Obermeyer
(1998) argued that local stakeholders are mostly familisnzed with the resource
represented 5o any inconsistency or biased manipulation found in the represcintation

could decresse the confidence of the tser or make invalud the progest.

2.4.6.3.Costs

Another major drawback in the use of new technologies applied to the building of
visual representations for NRM is related to the implementation costs. In this regard,
the common use of photographs as surrogates of real environments for research on
environmental perception is due to the fact that the cost of the research on the real
environment (e.g. transport of participants to the sites of interest, or implementation
of a scenario in a real environment) is prohibitively expensive (Daniel and Meitner,
2001 ). Although the phowographic manipulation is not generally automated and so it

i5 time-consuming, the costs are still far more aceessible compared to other options.

{her than photographs, allernative  technological innovations  for  visual

representations such @s computer-generated environments are not frequently used
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due to the limited accessibility to the fechnology and the high costs of the required
equipiment (i.e. computers, software, and training between others). In general, these
more sophisticated wols for visual representafion are produced by universities,
software and consultant companies, and agencies for cnvironmental management
{Tyrviiinen and Tahvanainen, 1999). Nevertheless, the infrastructure necessary for
their use (1. computers where to display the representation) is not always accessible
for all the target groups in NEM (e famers or extension workers in remole areas),
espeetally in developing countries. In contrast with developed countries where an
increasing in the use of computer by farmers have bheen reported (Batte, 20053, high
levels ol poverty, inlrastructure limitation and limited formal edocation  still
constitute major challenges for technology access i rural arcas of developing
countries (Pade ef af | 2008).

2.5. Conclusions

This paper has reviewed some current applications that visual representation has in
MWRM. Their applications in this field are reported as promising across the literature.
However, despite many clnims of validity of the use of visual matenal in NRM, the
verification ol such claims needs further research work, especially in the context of

WEM and the use of visual representations by communities and land-users.

WM depends mainky on decision-making camed out by land users at farm and
parcel level (Bussink, 2003). In this regard, stakeholder participation is essential for
fullilling the requirements of Agenda 21 and increasing the cooperation of local
inhabitants (Ball, 2002) but there are some communication gaps that could be
bridged by promoting the use of visual representations. As it is shown in this review,
the use of visual representation in NRM s not restncted o its role in the merely
visual descriptive approach as an informative tool. [t is alse promoted in
participatory research for the knowledge teansfer in 2 idirectional way {eg. from
seientists 10 managers and from managers to scientists and within  groups).

Mevertheless, there are some problems to be solved and several concems to be
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overcome, Are there in effect visual representations tools that namow  the
communication gap between researchers and farmers? (Bussink, 2003). Related to

this, many open research questions still persist. Some basic questions identifed are:

- Are there valid visual representation tools for NRM at fanm level? That is, are the
farmer’s responses o a visual representation of a given zone {e.g. a photograph
of a landscape) equivalent to the farmer’s response to the view of the same zone

in sifu? (Ervin, 2001)

- It so, what charactenistics ot the representation are important? (eg. realism)
(Ervin, 2001}

- Could wvisual representations be considered a reliable tool in NREM or are thene

differences in reliability according to different natural resource managers?

- Which approach should be followed for the selection or development of visual
representations? E.g. which method of visual sampling is betler when
photographic matenial 15 used to represent a zone and 15 collected for pereeptual
research?

- Which is the success of visual representation in participatory research in areas
where the financial and skili-based resources are lnmted? E.g. n lower-incomo

countries {(Wilhams and Dunn, 2003).

-  How 15 the visual litcracy of local managers? What vasual clements of the
representation are important for visual assessment among local communities?
Are there differences among farmers according to these visual elements relevant
for the visual asscssment of the representation? IF so, what visual elements are
important for each group? Do these differences appear when other formats of

information are presented (e.g. verbal/written information)?

- What degree of accuracy/precision is needed in visual representations for
participatory research and what would be the costs of applying a lower degree of
accuracy'precision? (MeCall and Minang, 2005).

Consequently, further research is needed on these questions to get a better
understanding of the suitability of the vse of visual representations by land-users,

hefore the attribute of “commeon coin” can be given to such tools in NRM.
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Chapter 3

Exploring the validity of visual representation for grassland
assessment’

3.1. Abstract

The validity of the use of visual representation in patural resource management has
been commonly examined from the aesthetic and scenic beauty perspective.
However, other concepls are relevant for the decision-making process of natural
resource managers in developing countries, especially in grasslind areas where the
population’s livelihood s based in part in the grazing managemeni activity. On the
other hand, visual representation is pointed out as a tool to enhance decision support
systems for natural resource management, The purpose of this work is to explore the
validity of visual representation in performing assessments aboul common conoepts
used] in grassland management by extension advisers, whose role in the chain of
technology transfer iz critical in developing countries, Thiz exploratory sudy took
place in a grassland area of the Peruvian High Plateaw. The group of participants
included recogmized extension workers working in the study area, whose daaly
activiies were mainly related to grassland menagement. Results show  visual
representation as a valid and reliable tool for performing assessments on grassland
condifion and stocking rate whenever key charactenstics of the visual representation
arc taken mto account during the development of sech material. The dizcussion
remarks on the participants’ responses to visual material nse for assessing grassland,
the imporance of the representativeness of the selected wvisual material, the

limitations of the study and the need for more research i this Lepic.

' Cruz. M., Chiroz, B, and Herrera, M, 2005, Exploring the validity of visual representation for
prassland assessment. Environmzntal Managament (sebmitted).
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3.2. Introduction

Rangelands constitute complex systems where human-nature interactions are of
importance due to their influence in the resilience of these ecosystems aml their
effect in the change of flora and fauna composition (Le Houerou, 1997; Walker and
Janssen, 2002). The potential primary production of rangelands is related 1o the
impact of outside influences such as grazing pressure, fire and climatic factors
{Behnbee of af , 1993 Sivakumar, 1992), In thia regard, environmental degradation of
arid and semi-and rangelands cannot be only explained by vegetation changes alone
but as moving between mulliple states driven by non-equilibrium and abotic
influences (Bechnke er af, 1993). For example, prolonged drought pericds or heavy
grazing or a combination of both, produce a decline of water infiltration or o lost of
perennial grass cover (Walker and Janssen, 2002), On the other hand, the welfare of
peaple living on rangelands usually depends mainly on activities related to the
livestock production and grasing management and hence the grasing capacity 15 an
important part of their hvelihood. As a result, the assessment of the rangeland
condition constinutes the cornerstone of any rangeland management system (Friedel,

1991 ; Jordaan ef gl , 1997; Tainton, 1988).

In spite of the existence of ditferent range condition assessment technigques {Benkohi
et al., 2000; Jordnan et al, 1997; Pamo ef al, 1991} and the debate between
scientists about which factors o include in its estimation (Friedel, 1991), the most
frequently used methods by both extension workers and farmers are based on
subjective evaluation linked to visual assessment (Jordaon et af, 1997). Ther
relative simplicity and facility of its use are the major reasons for its application.
However, the results of the assessment done by different evaluators can vary

according to the evaluator's characteristics {e.g. experience).
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Because of this, there are some efforts for developing visual support maierial, which
can help the evaluator in his task of characterizing the vepetation of a study area. In
this repard, photographs of ecosystems previously assessed by other methods (ie,
ground inventorics) can serve s comparative support material for the assessment of
other similar areas. In this way, the evaluator makes a faster and easier
charsctenzation of vegetation condition of his study area by means of comparing the
visual similarities of the study area with the ones shown m the photographs (Ottmar
et al, 1098; Ottmar ef al, 2004; Wright e @/, 2002.), For example, Milton o al.
(1993} designed a rangeland evaluztion guide with photographs, maps and diagrams
tor land users with a minimal knowledge of plants and soil processes. Using
subjective five-peint scores, the guide was intended to avert rangeland damage by
providing assessments of rangeland heslth. In tum, Doogll and Reed (2005)
produced rangeland evaluation puidebooks in order to support the dissemination of
sustainability indicator information in southwest Botswana. Making use of the
collaborntion of local land-users for the indicator development, their ohjective was
not only to use accurate and reliable indicators but also to identify rapid, cost-
effective and easy to use indicators in rangeland context In this regerd, the use of
pictures and icons can also help in a participatory approach to assist semi- and
illiterate members of the community in the understanding of tasks in data collection
(Stuart-Hill ef al., 2005).

Apart from this uze, visual representation of natural resources is a growing research
area (Ervin, 2001) due to its application in the development of decision support
systems for natural resource moanagement. [n spite of the advances of computer
graphics and software applications created for the production of visoalization
showing different natural scenarios, real or hypothetical, (e.g. 3D Nature, Vantage
Paint, Smart Forest, SimForest, among others), the use of visualization in natural
regource management has still as its main users the researchers themselves and not
the natural resource managers (Stoltman ef @f, 2004). Moreover, the vahdity and
applicability of viswal representation for decision-making in developing couniries

remains as a rescarch topic in need of further investigation. Most of the research
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studies designed to study the validity of its use, were restricied to the study of scenic
preference (studying concepts such as beauty and aesthetics value of the landseape)
and were not necessarily related to other concepts used in decision-making process
of natural resource management in developing countries (e.g. grassland condition
agsessment). Furthermore, some of these studies were based on non-representative
participant sample of the natural resouree managers {(what Blascovich e af in 2002
refers 1o as “samples of convemenge', e.g. students), These participants may not have
the experience and motivation of the manager who has 1o deal with dasly decision on
the field and so, the same perception and reaction to the same stimulas (e, visual

representation).

Apart from this, it 15 argued that in technology transfer, the extension workers play a
eritical role in planning and the decision making chain (Budak er «f , 2005, Scherr,
1992 Solano ef al, 2003). The important function of extension workers as “catalysts
il information brokers” (Scherr, 1992) is recognized not only by the researchers but
also by the farmers who regard them as one of their most important common
personal information sources for “problem detection” and for “seeking new practices”
(Solano ef al, 2003). In this sense, the study of the use of visual tools and its validity
by the group of extension advisers is important if such tools are proposed for

supporting decisions in natural resource management.

In this regard, this paper presents exploratory research the purpose of which 15 w0
study the validity of the use of visual representation by extension workers i a
grassland area of Peru and its apphicability by such a group. For this, the reliability of
assessments, validity of its use compared with real environments and the level of
realism-abstraction of the visual representations are examined in a workshop

organized with extersion advisers working in the area,



3.3. The study area

The study area is located in Azangaro, Puno, (longitude: -70.36, latitude: -14.83,
altitude: 3850m) which exhibits a grassland ecosystem type of the High Plateau area
of Peru. Predominant natural pasture extension characterizes the area so that the
management of an intensive grazing activity is characteristic in the area under study.
Due to the grazing and biophysical conditions, the study area presents a wide
variability of pasture conditions (figure 3.1). Climate imposes stresses on local land-
users through sharp climatic fluctuations such as severe droughts which are typical of
the El Nifio southern oscillation in the Andean High Plateau (Preston et al., 2003;
Woodman, 1998). In spite of this, limited published information was found about the
different grassland conditions of the specific study area as well as the criteria used by
local land users for classifying their grasslands. Ledn-Velarde and Izquierdo (1993),
working in the High Plateau area, reported the existence of different grassland
conditions in close areas according to the palatability of the predominant species for
sheep (table 3.1). In turn, according to the last agricultural census in the study area
(INEI, 1994), the main types of livestock in the province of Azangaro are sheep,

South American camelidae and cattle, among others (table 3.2).

Table 3.1 Condition of the different types of High Andean grasslands

Condition Type of grassland
Excellent Scrub of Festuca dolichophylla; High Andean Bofedal
Good Muhlenbergia sp. and Distichlis sp.; Festuca orthophylla; Bofedal of

Calamagrostis sp.; Scrub of Festuca dolichophylla; Grassland without

grazing activity

Regular Meadow of Bromus unioloides; Parastrephia sp. and Muhlenbergia sp.

Poor Scrub of Stipa sp.; Tholar of Parastrephia sp.; Frankenia sp.,
Parastrephia sp., Scrub of Stipa ichu, Tetraglochin sp., Scrub of Festuca

orthophylla; Festuca orthophylla/ Parastrephia sp.; Aciachne sp.

Source: Ledn-Velarde and Izquierdo, 1993
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Table 3.2 Type of livestock in Azangaro, Puno, according to the number of animals in 1994

Livestock Number of animals®

Sheep 579500

South American camelidae (alpaca, | 135100

[lama and guanaco)

Cattle 98000
Equine 16700
Porcine 15300

Source: 111 National Agricultural Census (INEI, 1994)

* Number of animals was rounded to the nearest hundred.

As a result, agricultural production systems in the study area are oriented toward
grazing, predominantly sheep and alpacas. According to the study of IIP Qollasuyo
(2005), the study area was located in one of the zones with biggest stocking rates in
the Peruvian High Plateau (for sheep: 0.43 AU/ha/year; for alpaca: 0.64 AU/ha/year
and for cows: 0.13 AU/ha/year). Some other researchers have also reported the
existence of a rotational grazing in some zones close to the study area, whereby
shepherds move their livestock to new grasslands according to the season of the year
(Swinton and Quiroz, 2003). In this regard, Swinton and Quiroz (2003) indicate that
the use of rotational grazing contributes to reduce the number of range species lost

and the probability of poor pastures in the area.
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Fignre 3,1, Sutellite image of the study area and selected wones.
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3.4. Participants

[t has been argued that the intcgration of rescarch and extension in agricultural
research i1z not always strong due to different reasons such as geographic isolation of
extension workers and institutional and administrative factors (Honadle, 19%94), In
this sense, the target group of the present study was the extension advisers working
in the study area due to the importance of their role in the technology transter as well
as their daily sctivities related to grassland condition sssessment. A group of seven
professionals whe were identified as the main advisers working in the study ares

participated in the research. The subjects were representative of the extension
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advisers who used to work in pasture programs in the arca at the time of the study
(e.g. the ones carries by the local university Universidad Nacional del Altiplano, the
national  apncultural  research  institute  INIA, and the Alpaca Cooperative
CECOALP). All of them were agronomy engineers. All of them reported to work in
daily activities with prassland management and condition assessments af the ime of
the present study. 3 participants reported 1o have more than 10 years of experience in
grassland evaluation (one of them was the professor of the grassland course of the
local university, while the other 2 were principal rescarchers of projects about
grasslands in the study area), 2 participants reported 1o have between 3 and 7 years of
experience in such task and the remaining 2 participants reported to have less than 3
years o grassland assessment. One participant did not have any computer
cxperience, while the resl of participants pointed oul v work occcasionally (3
participants) end frequently (3 participants) with computers. The latter information
was relevant for the exploration of a future use of other tvpes of visual representation
(Le computer based representations) and some characteristics (e level of realism)

for the validity of a possible future use of such technologies by this human group.

3.5. Material and Methods

Four zones were selected across the study area (figure 3.1) in order to represent
different grassland conditions in the study orea. A complete evaluation of the
different grassland conditions and the types of grassland species in the study area
was ol poszible to carried in this work., However, the selection of the mones was
supported by the team of the National Agricultural Research Institute (INIA), which
was working in the area and had wide knowledge of the prasslands in the study area.
The selection was restricted to chilliguares and took into account the accessibility of
the zones from the road. Apart from this, the selection and the definition of condition
were left to the enterion of the local researcher. Further research is needed to get
knowledge about the criteria that local land users apply for the classification of their
prossland. As fur as a literature review allowed to diecem. httle knowledge i
aviilable in the literature about the local knowledge wsed by land users in this arca
for defining the condition of grassland.
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For cach zone, a photographic survey of the field was performed w produce a
complete photopraphic dataset depicting vistas of the four pasture conditions studied
(figure 3.2). The photographic survey was carried out taking photographs along
walks through each zone. The scenes to be photographed were selected with the
objective of represeating the full range of physical charactenstics for cach zone (c.g,
vegetation type, topography) (Hull I'V and Revell, 1989 Schroeder and Daniel,
L9E1). In tum, the pholographs were taken honzontally at the eye level of the

observer using a tripod.

[n order o study applicabality of the use of visual material for the assessment of
rangeland condition, first, a trip was carried out with the participants for registering
their judgements in sire of the area under study. The four zones selected for the
photogmaphic survey were visited and the participants were asked fo rate each zone
using a numeric scale from 1 to 10 according to the grassland condition. A | B-scale
wes sclected following previous studies where the assessment of landscape
photographs was involved (eg. Tahvanainen ef af, 1996), The only information
provided for this task to the participant was that | should be linked to poor condition
and 10 to excellent condition. The exact definition of *poor’ or "excellent’ and the
definition of condition were left to the enterion of the participant. In addition, the
participants were also asked to record their estimation about the stocking rate (the
number of animals for which the study zone could provide adeguate dry matter
forage for a specified length of time) expressed in animal units'ha'year and any key
element for their judgement. In the present study, it was assumed that the estimation
ot stocking rate would provide information about the validity of visual
representations for the determination of a practical concepl in grazing management in
contrast with more abstract concepts evaluated 1n other validity studies (i.e. scenc
beauty). For this, the estimation of stocking mtes was based only on the visual
assessiments of the zone by the participants. Stocking rate deperds on the amount of
herbage biomass available in the area and in conjunction with other factors {e.g.

grazing duration) could not only determine the degradation of the zone due to not



only changes in vegetation but also soil structural alierations induced by grazing
animals (Bilotta & al., 2007).

Figure 3.2, A sample of the photographs collected for each zone.

a) Jome hi Fone 2

After the trip, different tasks were performed with the participation of the extension
workers to get further knowledge of the use of visunl maternial according to the
purpose of the study. The first task was onented to study if similar judgements of
pasture conditions could be obtained through the evaluation in site and photo-based
material. For this, a comparison between the previously collected in-situ judgements
made by the participants and photo-based judgements was conducted.
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Forty photographs (10 photographs per zone) from the dataset were selected. The
selected number of photographs was chosen taking into account the available time
for interviewing as well as trying to prevent a photographic survey which could be
cognitively overwhelming. Respondents were asked to rmate each photograph
according to the grassland condition using the numeric scale from | to 10 (the same
scale applicd to the in situ judgements). The participant was asked o rate the scene
based on the visible characteristics shown on the phetographs and no instruction was
given for trying to identify or remember any particular area. The 40 pholographs
were shown randomly fo the participants io eliminate order effects. The
randomization for this was done not only within zones but also across zones, The
respondents were also asked to repister for each photograph an estimate of the
stocking rate that they consider 1o correspond with the represented area and any
element that they could identify or consider relevamt for the assessment. The
participants perform the task independently (sach participant alone and not as a
group),

Finally, an additional task was carded out in order to explore some characteristics of
other types of visual representations (i.e. realism of the mepresentation). This was
with the objective to get knowledge about the validity of a possible future use in the
study area of other types of representations that involves certain deprecs of
abstraction (e.g. computer-based representations). In order to study the participants’
responses o different levels of realism-abstraction, 8 additional photographs were
sclected to represent the four selected levels of pasture conditions (2 photographs per
#one). For each one of these photographs, four altermatives of realism-abstraction
eonditions were prepared based on the study of Daniel and Meitner (2001).

The first level of realism was obtained converting the initial photograph (Canon jpg
1600 x1200 resolution) to RGB colour space and a resolution of 1024 X T68 (screen
resolution used for the presentation). The second level of realism/abstruction was
ohtained converting the previous image to a greyscale colour space. The thind level
of realism/abstraction was obtained from the original photograph by applying the
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“facet’ Alter in Adobe PhotoShop and resized to 1024 x 76, Applying to the original
photograph the ‘sharpen more’ convolution filter and ‘find edges’ filter in Adobe
PhotoShop obtained the last level of realism/abstraction. The contrast was increased
tera value of +30 and the image was resized o a vesolution of 1024 x 768, All images
were saved using the Targa image fle format (16 bit'pixel). Figure 3.3 shows a
sample of the visual material with the four levels of realism/abstraction used in this
study. The imapges were shown randomly to the participants, who were asked o
assess the grassland condition and estimate the stocking rate in a similar way as the
first task was performed (based on the visual assessment of the zone).

Figure LY A sample of the four aliernatives of realilsm/abstracilon, from ihe first (o the fourdh
tevel of realism-abstraction (a-d).

a) First level b} Second level

) Third level d) Fourth level
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3.6. Results and Discussion

3.6.1. Reliability of assessmenis

Firstly, the reliability of the assessments given by the study's participants was
measured by the calculstion of the Intraclass Comelation Coefficients (ICCs). 1CC is
commonly applied in the study of reliability or agreement of rater’s judgements
(Palmer and Hoffman, 2001} since it measures the proportion of the variance that is
attributable to ohjects of measurement (McGraw and Wong, 1996). The caleulation
of ICCs uzes the mean squares from an analysia of vardance (Harriz, 1913) so the
selection of the vanance model of the data determines the method for calculating the
ICC, For the present study, a two-way random effect model was applied (McGraw
and Wong, 1996). Table 3.3 gives further description ot the model applied and shows
the ICTs calculated for in site and photo-based assessments of grassland condition
vl stocking rate given by the different advisers. Results show high [CCs for the four
pases (00942 for fn st asscssments of grassland condition; 0.942 for dn site
assessmnents of stocking rate; 0867 for photo-based assessment of grassland
condition and 0.852 photo-based assessments for stocking rate given by advisers). In
this sense, photo-based assessments given by extension workers were highly reliable
{confidence intervals of (LE0D to 0.99%6 for in sifu assessments of grassland condition;
(0,799 1o 0.996 for in ity assessments of stocking rate; 0.805 to 918 for photo-hased
assessment of grassland condition and U784 to (L9038 photo-based assessments for
stocking rate with 95% confidence), suggesting that the advisers follow the same
pattern of assessment despite anyv apparent differences in the precise assessment,
Working experience in the same study area as well as previous fraining about
grassland assessment of working advisers may be related to these results, In spite that
hoth types of assessments (in sifn and photo based) show high reliability, the results
reveal that assessments of extension workers were slightly more reliable in

evaluations based in situ than on photographs.



The I€Cs obtumed were high in comparison with relizbility coefficients expected
from research among psychometricians (0.70-0.80) (Palmer and Hoffman, 2001).
Moreover, the majonty of [CC were above 0.90 which is pointed out as the expected
value in applied seftings as reference for important decisions (MNunnally, 1978;
Palmer and Hoffman, 2001). These results suggest that the use of photograph was
useful to measure difference in the adviser perception about the grassland condition

ared stocking rate in o consistent way.

Table 3.3 Intraciass Correlaton Coeflicients (1OCs) ol assessments given by mdvisers,

Inkraclass 95% Confidence
hseskre Comelations . Incerval
i
(I s) Losver Lipper
il Biomrd Bound

Assrzmments R 4 | {800 (3.9064
In-5itu of grassiomd condition
ssessments (h Gt 1 7 750 0,996
In=Babw ol Stocking Kage
Fhots-based assessments of (LBGT 40 T {LE0F R
grasslamd condition
Photo-based assesamanls of stocking 0452 40 7 0. 734 0508
rate

{a) The variance model vsed in the present gindy was the two-way random effects model explained
by Mcliraw and Woog (1996); & =+ e Heg wherei= 1. j= L. ko p is the population
emean for all oheervations, 1; are he row effiects; ¢ are the columns effects and o are the residual
effectz. For the present work:

o = the sumber of asscsments made by cach evaluator, For Je-Site assessmendz, n s egual to the
pumber of sones since there was | M-Sin assessment per zone. For plioto-based asseszments, n-
40 since there were 490 photopraphs evalusied by each paricipant. The latier was based on the fac
that cach photograph was nssessed mdividually,

k = numher ol avaluators 20 k=7 in all cazes.
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3.6.2. Validity of visual representation use

The validity of the use of photographic matesial for grassland conditicn assessment
was exanuned companng the photo-based assessments with the in sife assessments
by the calculation of Pearson’s correlation coefficients. The use of these coefficients
is frequently nppli-;.':d for the study of validity of photographic material since they
give mformation about a similar response pattern between the assessments performed
in sitw and the ones based on photographs (Palmer and Hoffman, 2001 ). Table 3.4
shows the Pearson's comelation coefficients between both groups of answers, For
this, two ways of analysis were used. The first used a mean rating for the ten
photographs by a participant at ¢ach #one apgainst the corresponding in sifw mting
given by the same participant (table 3.4a) and the second used the individual mating
that the participant gave lo each pholograph against the in site nting of the zone

where that photograph was taken by the same participant (tahle 3.4b).

Despite the high values ol correlation coetficients observed in both analvses (all of
them abowve 0.8), there were observed higher coefficients in the case where the mean
rating for the ten photographs at each zone was used (0,932 and 0.835 for the use of
mean photo-based assessments of grassland condition and stocking rate respectively
vs. the correlation cocfficients obtamned for the use of individual ratings of each

photograph: 0.891 for grasaland condition and 0.817 for stocking rate),
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Table 3.4, Pearson’s correlations coeflicients between in-situ assessments and photo-hased

HEL TR T L

{ay Cornglation bebwesn the fn Sify asscasments {one por gome) and the mean of 10 pholo bised

asseasments per Zone (one neean per participad per zaone).

FOG )

Phobo Besed
Asaesament of
T Sidai for Sirw Cirnssland Mhede Based
Avgessmenls | Assesoments. | Condifion Assosament ol
of Grasslnd | of Stocking | (Mean per Siocking Raie
Condition Bl Fanll o i lean per o)
I Sttt Assessments of
Girassland Comditon ! 0.928(**) 0.934**) OAIT(*)
I Sifa Asgessments of - o i
-'E-H-';kl{lg Rate O.928{*%) i OFXH ") OR55("")
Pholo Based Asscszment of
Crraaslapd Comditson (Mean | 05524 Q22 | 0505 E#)
T i)
Phaote Bazed Asscssment of
Stocking Fate (Mean per 83T 0.855(%%) (0306 * ) |

n=28 {(Muamber of abgervers = 7 x Mumber of Zones = 4}, Dagrees of frecdom = 26

¥+ Correlation is sipnibicant at the 001 level

(b} Comelation between the fo Sitn assessments (one per zone) and the tndividual photo based

nasessments { 10 photographs per participant per =one).

Pheto Bazed
Azesezsment of | Phobo Bazsed
T Xira fn Simw Cirasgland Azegzmment of
Asseszments | Assessments | Condition Stocking Bate
of Grassiand | of Stocking | (Individual {Indiviclual
Comdilion Fate photograph) Photograph)
Plaote Based Axsessmsent of
Crrpasland Condition 0891 0.582(*=) 1 BBET**)
(Individual Photograph)
Phote Based Assessment of
Siocking Rate (Individual 0 B **) L] il 0. R&T(*™) [
Photagraph)

=280 {Mumber of obzervers =T x NMumber of Phobos per Zome = 1002 BMumber of Zones = 45 Degrees

of freadom = X278,

** Correlation is significant @t the .01 Tevel.
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Table 3.5, Paived Samples Test for photo-based and fn-silu sssssmenis,

Paried Differences

Mean

111
Drewinti

Sl
Error

Mean

95% Conlidence

Interval of the

Difference

Lower

Llppes

df

Sip. 2-
| taiked

L}

i Sitwe - Pt
Based Asgsesement
of Grassland
Condifion (AMean

per Zona}

350

1133

0218

0.8

L RF )

1.60F

X7

0.0

dr Sitse - Photo

Based Asozsamen
of Stncking Kaie

(Mean per some]

021y

00503

0.131

-),652

(L4HT

164

riln

(k)

InsinCondition -
Mhiato-Razed
Assessinents of
Cirssslamd
Condinion
(Tnslivichunl
Phetograph)

{13500

1.338

0,080

0.193

0307

4374

279

(L OHM

InSim&iock -
Photo-Based
Asgeaaments of
StocKing Rate
(Inadyvachsl
Photograph)

0,217

0,793

04T

1.124

0310

4588

T

.00

fu) Mean rating for the 10 photographs atl cach eone and fx Slee nsseasment of cach o, =28
{Mumber of obagrvers = 7 x Mumber of Xones =4

{h} Indrvicdunl mbng for #ach photopraphs sl e correspoihing e S assessment st the zone whers
the photngmph wos taken n=280 (Mumber of observers =7 3 Number of Phosss per Soase = 10 %

Wumber of Zones = 4)
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“A high correlation 15 possible even though the actual values [of the ratings obiained
i gite and photo-based] may systematically differ by a significant amount™ (page
154, Palmer and Hoffman, 2001). For this reason, a paired Student’s 1-lest was used
o study 1iF there was a sigmficant difference between e sl and photo-based
assessments. Ag previously, both the mean rating tor the ten photopraphs per zone
and individual rating for each photograph was used. Results are shown in lable 3.5,
As it 15 shown in these results, the use of mean rating does not show a signi ficant
difference between in sifn and photograph ratings. Nevertheless, when the individual
rating for each photograph is compared with the in situ rating of the zone where the
photograph was taken, @ difforent result is obtained. In this case, a significant
difference (p=0.001} 3 shown between both groups ol nssessments for both
grassland condition and stocking rate. This difference betweon the results obtained
by the analysis of individual ratings and the ones obtained by the analysis of the
group's mean ratmg have previcusly been reported in studies about scenic beauty
and aesthetics (Bergen er al, 1995; Palmer and Hoffman, 2001}, The problem of
using a group measurement to substitute individual measurements was nitially
demonstrated by Robinson (1950). In his work, Robinson showed that the use of
grouped data might give erroneous results due to a bad selection of the unit of
analysis. In contrast, the use of the mean rating of the several photographs is still a
common practice in preference studies (Palmer and Hoffman, 2001} In order to
avoid this problem in the use of photographic material, the assessment of each
independent scene should be the unit of analysis, However, it should be taken into
account that each photograph is a partial representation of the complete zone and
consequently, the selection of the photograph is entical for the content validity and

hence for the validity of the use of visual representation.

Figures 3.4 and 1.5 show the distribution of grassland condition ratings and stocking
rale estimates respectively, Both figures show (&) in site assessments as well as (b)
the individual ratings for each photograph per zone. It is observed that while the

values observed in sifu are more clearly separated between different zones, the values

observed in the photo-based assessments for both grassland condition and stocking
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rate do not present the same case. In the latter, the median values of the assessment
per zone are usually situated under the median value of the corresponding in situ
assessments (exceptions are the stocking rate estimate for the first zone as well as the
grassland condition for the fourth zone). This could suggest a sub-estimation on the

photo-hased estimates compared with the corresponding in sity assessments.

Figure 3.4, Boxplots showing the Distribution of Grasstand Condition Assessments per pone
given by the participonts, (a) dn sivg and (b)) photo-based assessments.
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The hox length shows the interquartile range {108 for cach mone {the lower partof the box shows the
first quariale €, the bold line dividiog the bex shows the median of the dats for cach zone and the
upper part of the box shows the third quasile Ch).

*and ? show (he ontliers fir each Bone.
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{extreme outliers < 3y - 3 [QR oc extreme outleers > O + 3 TQR)

The smallest and the bargest son-outlier observations are represented by small homzental hoes linked
1o the hoo by 3 wertical line,
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Figure 3.5, Baxplais showing the Distribntion of Stocking Kare Estimanes per zone given by the
participants, (a) fa sioe and (b)) photo-based estinmates.
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* il * shows owtliers. Further explanstion of boxplot's figures is given in figure 5.4,

Nevertheless, the dispersion of the estimates is bigger in all the cases for grassland
condition as well as stocking rate in the photo-based assessments, This could suppest
that these assessments were more determined by the specific scene shown in each
photograph and its representativeness of the comespending zone. However, the
dispersion of the estimates might alse be influenced by the observer error. This is
more evident on Figures 3.6 and 3.7, which show the distribution of responses to the
photographs for grassland condition and stocking rate assessments respectively, per
zone and per participant. The differences between the rating values given to the 10
photographs faken in the same zone arc observed even m rating vialues given by the
same participant in the majority of cases, Consequently, the results suggest that the
use of a single photograph to represent a zone have to be seen with caution in the use
of visual representation for grassland assessments. For instance, some researchers

have made use of a single scene in rangeland evaluation guidebooks for further
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description of a specific zone under study (National Rescarch Council ULS., 1962,
Cttmar et af.. 1998; Ottmar ef al, 2004). Although this photograph provides to the
user (e.g. local land vser) a visual aid for & further comprehension of the information
given in the guides, the researcher should take into account that the selected
photograph shows only a partial representation of the study zone and so all visible
elements of the studied rangeland could not be represented by this photograph.

In addition, with the objective to get further knowledge of the pattern of the
assessments given by participants, that is, if assessiments given 1o photographs taken
in a same zone could be classihed in 8 same group, a cluster analysis of the
assessments of individual photographs was carried out. For this, a hierarchical cluster
analysis nsing the method of nearest neighbour and a measure of squared Euclidean
distance was performed with both types of assessment data, grasslands condition
ratings and stocking rate estimates based on the individual 40 photegraphs (figure
3.8). The results show that despite the dispersion of the sssessments of individual
photographs among zones showed in figures 3.4, 3.5 and 3.6, the assesaments could
be classified in subgroups which are related to the zone where the individeal
photograph was taken. In tum, the cluster analysis of individual photographs based
on stocking rate estimates reveals that the photopraphs from zone 4 were grouped in
a well-defined cluster, This could suggest that the 10 photographs from the zone with
best condition according to the participants (Rgure 3.4) were easier to make an
estimation of their stocking rate. However, the photographs from the other 3 zones
were less obviously grouped and hence the extension workers had less clear their
estimation of stocking rate based on these photographs, These clusters could be
refated to the visibility and perception of the arca ncecssary for such task as well as
their experience in the estimation of such rate. It could be speculated that when the
participant classify a photograph as representative of the best condition, the
participant could tend to put the maximum number of animals which according (o his
opimion could be managed os stocking rate in the area. However, when the

participant observes the photographs from the other zones, the sense of the area of

71



the =one is limited and the catimates ore ol as definttive as the estimate of the

maximum rumber to be included in the best condition zone.

Moreover, the estimations of stocking rates given by the participants in this work
were high in comparison with the ones reported by the study of [IP Qoliasuyo
(2005). Although there were found high comelation coefficients between (n sifu and
photo-based estimates of stocking rate, further research is needed in order w0 get
knowledge about the methodology that local advisers use to apply for these
estimations in the study area. In addition, firther research in the use of wisihle
indicators in the study area that might guide the assessment of local land users is also
important, Despite almost all participants of the present stwdy did not give
mformation about visible indicators used for grassland condition assessment, two of
them reported that they base their assessment in the existence of some grassland
species. For instance. tor good conditions: Festuca delichopylla and Muklenbergia
sp. and for the poor condifions the existence of some spiny shrubs, Although further
research is needed in order to get knowledge about the local eritenia and the visible
indicators that local people use, the results show that the use of photographs is valid
and reliable for the assessment of grassland in this context.
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Figure 3.6. Distribution of Photo-Based Grassland Condition Assessments per Zone and
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Figure 3.7, Distribution of Photo-Based Stocking Rate Estimates per Zone and Participant,
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Figure 3.8, Claster Analysis of Photegraphs based on (0} Grasslund Cendition Assessment nned

(b} Stocking Rate Estimates,
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Figure 3.8, Contmuation.

(b) Stocking Rate Estimiates
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Figure 1.9. Percent of responses “not possible to estimate’ according 1o level of realism-
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3.6.3. Realism-abstraction

For this task, the participants were asked (o assess the grassland condition and
stocking rate for each image a8 in the previous task, Nevertheless, the answers to the
stocking rate estimation were missing in 71.8% ol the responses while for grasslamd
condition assessment the missing values were 6.3% of the responses. Tt was no
recorded by the participants if the absence of answers about stocking rate estimations
was due to the fact that was not possible to estimate stocking rates using the images
or due to another external factor. It could be speculated that the decrease of the
realism of the representation affects the judgement of the viewer and decreases the

possibility of visual evalustion for some tasks (in this case, for the estimation of

stocking rates),

In a first exploration of the results about the assessmeats of grassland cendition, it

was observed that the 98.2% of the extension workers' responses based on the
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representative images of the fourth realism-ghstraction leve! recorded that this type
of representation could not allow an assessment of the prassland condition. [n this
sense, the resulls suggest that types of representations with high level of abstraction

cannet be valid tools for being used in grassland management,

Taking into account all the responses given as ‘not possible 1o assess’ for all the level
of realism-abstraction (figure 3.9), the highest percentage of this response was found
m the fourth realism-abstroction level as it was previowsly mentioned (68.92% of all
‘not possible to assess’ responses found), It is followed by the second level (16.22%)
and the third level {10.81%). In addition, the Correlation Coefficients between in sifu
pssessments and the mean rating for the two photographs at each zone per each
abstraction-realism |evel were also caleulated. Without including the fourth level, the
other three levels of sbstraction realism present high comrelation cocfficients (0.947,
0892, 0.922 tor the first, second and third level respectively). It is also observed for
the thind level a higher correlation coefficient than the one showed for the second
level, In this regard, these results suggest that the presence of colour is an important
factor for the participants, at least, more than the detail lost at applving the facet
filter, which makes an image look hand painted or an dbstract painting according to
the User Guide of Adobe Photoshop 6.0,

3.7. Conclusions

This paper shows results which give further knowledge of the vahdity of the use of
visual representations for the assessment of concepts which are the base of usual
decizions in grassland management {assessment of gmasland conditions and estimate
of stocking rates). As in scenic beauty, the reported resules suggest that, in the field
of prassland management, the use of visual representation as sumogates of the real
environments show to be a reliable and a valid tool for the assessment of grassland
condition and stocking rate. Mevertheless, the process of assessment done by the
stakeholders in this study (extension worker group) takes into account different
clements, which must be considered during the development of the visual material.
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For instance, the inclusion of plant indicators could be relevant for the grassland
assessment and must be taken into account for the visual representation of poor
condibions. In tum, the estimates of stocking rates are less clear in photo-based
assessments compared with the estimates done e sife suggesting than the sense of
space (the cstimation of the area of the zone) is an important cheracteristic for the
visual assessment and visual representations orented to support such estimates musi

inclade this characteristic.

During the selection of the specific ool for the implementation of the visual
representation, it should take into account that high levels of abstraction do not
provide valid representations for grassland assessment and henee for support in
grassland management. In addition, the presence of colowr in the visual

repregentation 18 important for performing such task.

This exploratory study shows results thal reveal the importance for the selection of
the photegraphic material and the representativeness of the photographs, The use of a
single photograph as representative of a complete zone could result in erroneous
assessments of grassland condition and stocking rate of the zone and so0, in the

decisions influenced by this material in grassland and grazing management activities.

In swmmary, visual representations are valid tools for the support of grassland
assesament by the geoup of extension workers. Nevertheleas, these representations
musl include the base elements tor their judgement, that ig, high realistic images and
visible grassland charactenstics as well as an adequate representativeness of the

visual material.

Further research is needed in the applicability of visual material for natural resource
management in areas where aesthetic appraisal is not always the most relevant facior

which guides the decision making process and the management of natural resources,
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especially if these representations are proposed to be valid support tools to target

aroups whose daily work 15 based on in-situ visual assessments,
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Chapter 4

Comparing techniques of visual sampling in rangelands:
Random versus participatory 1:u|;'.-u:I'|||:1i«z:||.u.=|£|.2

4.1. Abstract

The study of people's environmental perceptions can be addressed by the use of
visual material. In this regard, the visual sampling is a critical step for the success of
this type of research: the photographic material has o be a representative sumple of
the environment and its visual elements across the spatial diversity. For these studies,
twior key factors have to be taken into aceount: the collected material that includes the
visial elements which represent the objective physical characteristics of the study
aree, and the perceptual characteristics which can influence the observer criteria
during a wvisual assessment. Besides the availability of some techniques for this
purpose, the study of visual sampling has been neglected across the hiterature in
comparizon with other sampling methods for studving biophysical charactenistics,
e.p. vepetahon altnbutes The man goal of the present work 1= to compare common
technigques used in visual sampling (a random technique, a participatory method and
& mixed techmique). The swdy is developed in six grassland areas of Junin
department, located i the central mountmn regron of Peru. Results show that visual
elements of photographs collected by ditferent techmigques may differ significantly, A
comparison with indicators of grassland conditions shows that participatory
technigques are more representative than the tolally random method. This work
siresses the importance of visual sampling (the selection of vaniage points and scenes
to be photographed across an study area) for collecting the visual stimoli (images

shown to the participants) in studics of environmental perception,

" part of thig resesrch was presented in: Cruz, M., Quiroz, B. ond Herrero, M. 2006, Comparing
techavicpuest ol visua] swmpling i rosekind Random versus pamicipaiory techmigques. Posier
presentiation. American Associntion of Geographers Annual Confereance; Chicago,
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4.2, Introduction

The use of visual material for eliciting environmental perceptions of different human
groups in stuclies of landscape assessment is a frequent practice (Daniel and Meitner,
2000; Kim ef af, 2003; Lekagul, 2002; Muhoz-Pedreros, 2004: Swaffield and
Fairweather, 1996), In this ficld, in spite of the existence of new lechnologies for the
visualization of natural scenes (Ervin, 2001; Lange, 19%4; Schroeder and Orland,
1994; Tress and Tress, 2003), the use of photographic material is still the most
frequent applied tool. This is due to its production facility as well as the related costs
vompared with other more sophisticated alternatives such as computer-based visual
simulations. Nevertheless, a major difficulty in the use of photographic matenal for
eliciting environmental perceptions is related to the fact that each photograph shows
a restricted scene viewed from a vantage point of the zone w0 be represented. While
the humaon vision manage an angle of 1207 approximately, the photographs taken
with standard cameras of 35 mm wide angle lens handle an angle of only 607 (Palmer
and Hottman, 2001). Therefore, there is suggested the use of several photographs for
representing o zone in perceptual studies although this practice is not always
followed when the visual material is collected. Indeed, the use of no more than one
photograph per scenario under study is a common practice. For instance, in
rangeland context, somce researchers make use of the design of rangeland evaluation
pridebooks in ofder o communicate their results to the local land user or to other
researchers (e.g. National Research Council U5, 1962; Ottmar ef al., 1998; Ottmar
el af,, 2004). For this, the guidebooks provide biophysical information collected in
gtudy areas as well ag a view of the zone (i.e. photograph), which help to compare the

studied areas with other similar areas of interest of the land user.

Hull IV and Revell {1989) gave attention to the importance of the scene sampling for
visual quality studics, which is one of the first eritical steps for the success of the

research that involves a photographic sample for representing the area under study.
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However, the research of visual sampling has received only modest subsequent
attention. This faet i1s swrprising considering the effort given to other sampling
methods for studying biophysical characteristics, e.g. vepetation attributes (UUSDI
BLM, 15%946).

The aim of the photographic sampling for environmental perception of real
enviromments is to gel the photographs which are representatives of the scenarios
under study (e.g. landscape or naturnl scene). In contrast with the other sampling
approaches of biophysical characteristics, the selection of photographic material in
visual sampling under this context must include not only the visual elements which
represent the objective physical charactenistics of the study arca, but also the
perceptual characteristics which could influence the chserver criterin during a vizual
assessment. During the process of visual sampling, two main decisions are related to
the selection of the scene to be captured by the photograph. The first one 15 to decide
the loeation from where to take the scene (the vantage point) and the second one is to
chooge the specific direction and what to look at from that vantage point. Acrozs the
literature, the selection of the wvantage points constitutes the more variable
characteristic between the different applied technigques. The specific way to locate
the camera in each vantage point is usually determined by the target person (i.e.
photographs are taken horizontally at the eye level of the observer using a tripod).
According to this, the different techniques can be divided by the critenia applied for
the selection of the vantage points: the ones which include some degree of
randomness for the location of the vantage points scross the study area and the ones
which include a participatory selection for the decision of locating the vantage points
(e.g asking people to choose the representative locations according 1o their criterion)
{Hull IV and Revell, 1989). In the former, the random issue is managed according to
the objective of the study. For example, the vantage points can be localed using a
random method within a spatial area (Anderson and Schroeder, 1983 BuhyofT ef al,
1986; Daniel and Boster; 1976) or using a random selection of points following a
specific path (e.g. a road) (Evans and Wood, 1980, Schroeder and Damel, 1980, On

the other hand, the latter approach involves the addition of subjective assessment
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from a human group (eg. a set of experts in the field or local people) (Fines, 1968)
tor the scene selection in order to ensure the incorporation of the landseape features
which are thought representative and relevant for the perceptive asscssment. For
example, the participation of local managers of grassland areas (e.g. shephends) in
the identification of the scenes fo be photographed could link the scenes to the visible
indicators used by this human group For their percepiual judgement, Indeed, the use
of visual material in participatory livestock research is promoted not only for the
collection of local knowledge but also for increasing the invelvement of the local

human groups in the research (Conroy, 2005),

This paper compares the application of three different approaches applied in visual
sampling (a random technigque, a participatory method and a method which involves
a mixture of both criteria), The focus of this study is based on the sampling of
grassland areas. This 15 due to & subsequent use of the photographic materal for
examining the perception that local people have about grassland areas under difforent

conditions.

4.3. Study area

The study was carried ot in the grassland area of Junin department, located in the
central mountain region of Peru, during 2003 and 2004. This area is managed by the
Socicdad Andina de Inversiones Sub-Regionales (SAILS, i.e. Andean SubRegional
Investment Azsociation) Pachacutec, which groups seven rural communities across
the region {Carampoma, Huayvpacha, Yantac, Mitma, Laraos, Huanza and Cullhuay).
Ity human population depends mainly on economic activities relaied to livesiock
management arnd land management For grazing. For this, the SAIS Pachacutec
manages native high-Andean grasslands in five production units (Corpacancha,
42459 ha; Santa Ana, 20132 ha; Conocancha, 6298 ha; Cuyo, 2600 ha, Capillayoc-

Oxamachay, 14436 ha; which are owned by its associate rural communities) and
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nearly 92,500 livestock animals {ovine, B3.86%; bovine, 6.5%; alpacas, 8 71%:;
Hamas, 0.43%:; equine, 0.49%: and porcine, 0.02%) (SAIS Pachacutec SCRL, 2002).
Further intormation aboul the study area can be found in the next Chapter (Cruz et
al , 2007).

4.4, Material and Methods

4.4.1. Selected zones

Six zones were selected in order to have a representation of the different prassiand
conditions found across the study arca. The altitude of selected zones ranged between
4029 m and 4557 m above sen level (Ordemal: 373130 E, 8744379 N, Chicrowain:
367513 E, B750699 N, Tmyac: 367355 E, 8748855 N, Kuspicancha: 371360 E,
8744317 N, Yanacocha: 355848 E, 8747918 N, Ranramachay: 361985 E, 8747228
M) This selection was performed through the discussion with local people (SAIS®
admimistration and shepherds) as well as researchers who had wide experience
working in the study area. For this, multiple meetings were carried out with members
of local population (administration and shepherds) as well as exploratory trips with
researchers working in the study area. The inclusion of the participation of the latter
group (researchers) was especially of interest for this study because their work
inviolved the data collection for the publication of an inventory of grasslands in the
SAIS Pachacutec. Although this inventory was not finished at the time of the present
study, the researchers gave references to aress with different conditions already
assessed by that team. Two main charactenstics were taking info account as the main
criteria for the selection, the representation of the different grassland conditions
commenly found in the SAIS and the accessibility to these zones, Afterwards, the
herbaceons hiomass production in the selected zones was estimated using the
Comparative Yield Method developed by Haydock and Shaw (1975) and the species
compasition was evaluated by the dry-weight-rank method devised by "Mannetje
and Haydock {1963) and improved by Jones and Hargreaves (1979),

In the Comparative Yicld Method, first, a set of reference plots are subjectively

located by a group of researchers. The selection of these reference plots has the
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abjective w represent the yield that is expected to be commonly encountered across
the study zone. In this study, plots of circular shape (2=0.25m", ==0.39m) were used
for increasing the area:boundary ratio of the plot (Bonham, 1989), A selection of five
reference plots {a five-poeint scale from the lowest to highest, | 1o 5, levels of herbage
amount) for each zone was done by a team of 4 people. The selection of the reference
plots was based on visual assessments of herbage amount within the circular shape
A plot which could represent low wielding situations was selected, This plot became
standard 1. In the same way, a plot which could represent high yielding situations
was selected (standard 5). Next, having as reference both plots (standard 1 and
standard 5), a plot that represents a middle point in herbage amount was selected 1o
be standard 3. Following this comparative method, plots of standard 2 and standard 4
were selected. As a resull, the reference plots were unique for each zone, That is. a
plot selected to be standard 5 1n a zone might not be eguivalent to a plot selected o
be standard 5 of & different zone because different zones might have different high

vielding siluations.

Afterwards, once the researchers were confident of their ability o rank other plots
sccording to this scale (from | to 5) by comparison with the reference plots, a
subsequent random sampling of additional plots is performexd across the zone. In the
present study, the sample size of visual estimations (additional plots) per zone was
30. Finally the vegetation (segregating by species for each zone) of the reference
plots was clipped, the harvested herbage were oven-drying at 100° C and weighed.
The five dry-weights of the reference plots were used to calculate a regression
equation. The estimation of the dry-weight of hethage in each zone was calculated by
substituting the average rank of the sample of the zone (¥ umae) in the regression
equation estimated for that zone (figure 4.6),

In turn, o apply the dry-weight-rank method (t"Mannetje and Havdock, 1963; Jones
and Hargreaves, 1979} in the present study, the team of 4 people visually identified
the first, second and third most abundant species (ranks 1, 2 and 3) within each plot.
When there were only two species, the most abundant specics was assigned to the
ranks | and 2 and the second most abundant species was assigned to the vank 3. In

the same way, when there was only one species, this was assigned to the ranks 1, 2
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and 3 within the evaluated plot. This estimation was carried ow for the 30 sample
plots. Afterwards, the ranks were tallied for each species and weight by a sel of
multipliers (.70 for vank 1, 0.2] for rank 2 and 0.09 for rank 3). This set of
multipliers were derived by "Mannetje and Haydock (1963 ) and subsequently tested
by some rescarchers (e.g. Dowhower ef al, 20001; Mazaika and Krausman, 1991,
Neuteboom et al, 1998). The resulting weighted values are added for each species
and the result multiplied by 100 in order to express the species composition in

percentage (Hgure 4.5).

The comparative yeld method and the dry-weight-rank method have been applied
for purposes of rangeland inventory and monitoring of mnge condition by scveral
researchers (e Despain and Smith, 1989; Friedel & af, 1988) Although
information about some factors participating in environmental degadation was nol
available tor the selected zones {e.g. grazing intensity or fire regime) (Behnke et af
194973 Sivakumar, 1992), the estimation of total biomass and species composition
provided to the study information about the characteristics of the vegetation at the

time of the collection of the photographic matenal in cach zone,

4.4.2, Visual sampling technigques

A photopraphic sampling was performed within the six zefected »zones. Each
photograph was taken with a digital camera (focal length: 4.4 mm) wath a resolution
of 1600 x 1200 pixels and using a tnpod (bheight 1.70m, with spirit level),
horizontally at the eve level of the observer. The photographic material tor this study
was bised on 24 photographs (4 per each selected zone) for each technique applied.
This number was selected tekmg into aceount the objective of photographic sampling
in the study context: the construction of # visual guestionnaire for eliciting
environmental perceplions (i.€. in this work, this was mainly related to the gragsland
condition for grazing management). In this sense, the selected number of
photographs was chosen taking into account the restriction of the available time for
interviewing the targed local people as well as trying to avoid a photographic survey
which could be cognitively overwhelming. Three techniques for visual sampling
were applied and compared in thes stidy. For the first two techniques applied, o

photographic collection was performed in each zone along walks through each zone



{Daniel and Boster, 1976). The direction of the scene was randomly chosen based on
the 360" given by the use of the tripad. The first technigue applied for obtaining the
photograph sample was based on the random selection of 4 photographs per zone
fiom the previous gathered photographic collection, In um, the second (echnigue
also used the photographic collection but the selection of the 4 photographs per zone
was based on a participatory approach. For this, a person pointed as skilled in the
study area was asked to select the 4 photographs per zone which could be the most
representative photographs of that zone according to his opinion. The selection of
this person was based on the collected comments: across the local population and the
administration about who had major knowledge of each zone. In this regand, the
person assigned for this task was the shepherd in charge of the paddock or
altematively, & shephend assigned by the administration who wis familianzed with
the zone and the grazing management work within it. Finally, for the third technique,
the participant was asked to select a vantage point within the zone from where four
representative photographs of the zone could be taken rotating the camera. The firsl
photograph was taken randomly within the 360° based on the use of the trpod and
the others were taken at 90° 180° and 270 from the first one rotating the camera in
same vantage pomnt (Danicl and Boster, 1976). Figures 4.1, 4.2 and 4.3 show the
photographs taken through the use of the three technigques.
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Figure 4.1 Photograph sample using technigque 1 {random technigue).
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Figure 4.2, Fhotograph sumple asing technigue 2 {sclection by participant).
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Figure 4.3. Photograph sample using iechnigue 3 {selection of the vantage point by the
participant snd retation of the camera for taking 4 photegraphs),
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4.4.3. Comparison using physical-visual components recorded in
the photographs

Previous studies developed for the research of people’s preferences through the use
of photographic material make wse of the decomposition of each photograph into its
physical-viseal components (Kimoer of | 2003; Misgay, 2000). After the evaluation
stage where the combination of the different physical components showed in each
photograph s evaluated by the participant, there is carried out an analysis in order to
identify the most determinant physical-visual components for such assessment and
the criteria used by the viewer. In this confext, the present werk applied two
methodological approaches for characterizing the photographic material. The fist
one broke down each photograph into a group of main physical-visible components
{table 4. 1a} and the proportion that each component has in each photograph. For thas,
physical components of each scene were measured by counting numbers of pixels
using the Adobe Photoshop Software Program and the area of each component was
converted to the proportion of the total area in the photograph (Kim ef al, 2003). The
second approach applied a photograph characterization based on interviews among
four local workers who were familiar with the study ares, The selection of the
workers was carried out by interviewing with the administration personal and
shephends working in the study area. The participants were asked o describe the
different physical-visual components shown in each photograph, According to this,
there was elaborated o list of physical characteristics (table 4.1b) which served os o
collection of elements upon which evaluation of each photograph would be based,
Mext, the participants were asked to revaluate the presence of these characteristics
according to the proposed alternatives (Misgay, 2000). The results of their
pasessments and the degree of agreement among the participants for evaluating each
characteristic were examined using reliability statistics, which showed a high level of

agreement among evaluators. The most frequent value given to the characteniatic by
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the 4 participants was recorded due (o the data type and used as basis for subsequent

companson among samples collected by different visual sampling technigues.

Tahle 4.1. Physical-visusl components far the characterization of the photographs,

fa) Indicaters measured through the us: of Adobe Photoshop program

Companents Criterla
Sky Arest of the sky in the photograph
Muountins Aren of the mountains in the plowgrapl
Hills Hill aren
Pacddaak area Total aren of paddock
Sol withoul grassiand

Low praszlacd

MidelleHigh grasshuxl

Raocks
Water Area of water in the photegraph

(h) Indicator: assessed by paricipants

Compoienis | Criberia Ciuality
Paldock Preclominmnl cover Ungletermined; Only prasslamds; Combination (aren with
are prasslunds and without grossknds)
Cirasslund heyghi Lindetermined; High: Mediam; Low
Girassland color Undetermined; Green; Yellow; Combimnation
Stony Unelstermined; Mome: Scare; Regular; Abumndant
Presence of fence Undetermned; Yes; Mo
Hill Presinos of hills Mane; One hall; Several hills
Location of hills Mo rountn; MNear, Far
Hill cover Undetermined: Only grasslands: Combination
Wlouataing Pregence of mountains | Moo Cae mowmaing Several mounizins
Location of mountain | Mo mountain; Mear; Far
Water Presence of water Undetermiped: Yes; Mo
{lagoon, lake ar ather
Large body of water)
Fresence of umigation Mone, Dey; With warter
ditch
Amimals Presence of nnimils Yes; Mo
Road Presence of road Yes: No -




The components listed in table 4.1 were only based on the visible charscteristics
shown in the photographs. In this regard, the instruction for the characterization was
ta list the visible elemeats only shown in the photographs and in no other
information that the participant could ‘remember” from the real zone,

4.5. Results

4.5.1. Biomass production of the selected zones

The herbaceous biomass production was estimated for having a reference of the
pasture yield in each one of the visual sampled zones (figure 4.4). The total dry-
weights of herbage obtained from the reference plots were plotted agamst the visual
assessment ranks given for the same reference plots and a regression analysis
performed. As is shown in the figure 4.6, the data did not follow lineanty so an
exponential equation was used. The biomass production of each zone was calculated
by interpolating the visual estimates of the sampling plots in the obtained calibration
equation for each zone (as explained in previous section). In addition, the species
composition calculated using the dry-weight-rank method (JTones and Hargreaves,
197%; t"Mannctje and Haydock, 1963) is shown in Figuie 4.5,

Fipure 4.4, Total estimmbed dry-weights (kga) of herbage per sone,
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Figure 4.5. 100% Stacked colomi of species compasition per zone enleninted by dry-weight rank

method,
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The zones under study were sorted according o ther estimated dry-weghts of
herbage and labelled according to their position in this order for further comparison
with the visual semples (zone 1: Ordemal; zone 2: Chicrawain; zone 3: Tinyac; @one
4: Kuspicancha; zone 3: Yanacocha and zone 6: Ranramachay). Results showed that
the selected zones presented dilferences of the quantity and diversity of vegetalion.
The predominant species in all the zones were Festiuca sp. and Calamagrostis sp.
The estimated herbaceous biomass production ranged from 7410 kp'ha (zone 1,
Ordemal) to 975 kp'ha (zone 6, Ranramachay). According to Florez e al. (1992}, the
type of livestock in the study arca (i.e. sheep) prefers to cat the species Hipachoeris
taracacoides, however, if this species 1s absent in the zone, as it was during the tme
of the present study, Muhlenbergia sp. is used by the shecp in this Andean area.
Cther species, such as Calomagrostis sp. and Astragalus garbanciflo are only eaten
if the zone is overgrazed and the previously mentioned species are not present. [n the
study area of the present study, Muklenbergia fastigiata was only found in Zone |
and Zone 4 while Calamagrostis sp. was Tound in all zones. The major variability of

species composition was found in Zone | followed by Zones 2 and 3.
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Figure 4.6, Mensured drv-weighis agninst the visual estimates scores of the reference plots and

the corresponding expanential equation for each rone.
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4,52, Proportion of the main physical-visible components

Multiple Multivanate Analyses Of Variance (MANOVA) and post-hoc tests were
performed per zone. The goal of this task was to examine il the photographs acquiresd
by the application of the three visunl sample techniques registered similar arca
proportions of the main physical-visible components (sky, mountain, hill, paddock
and water). The results of the MANOVA analvsis (table 4.2) of these variables
supgpest that the visual sampling techniques registered similar area proportions of
these peneral components in 3 of the 6 zones under study (zones: 2, 3 and 4).
However, i the other half, there were significant differences in at least one mean of
the component proportions. These differences were observed in the mountain and
paddock anea for wone 1, hill and paddock ares for zone 5 and mountain area for zonc
2. The results suggest that the characteristics of the zone should be taken into account
when selecting the methodology to use for visual sampling. When random methods
are used for visuel sampling, the vantage peint might be located in areas were the
visibility is blocked by different efements of the landscape (e.g. tall vegetation). [n
the present study, the selectad zones shared the chamdenstics of the ecosystem of
high grassland areas of the Peruvian central mountains. Despite this, the slope of the
paddocks where the pholographs were taken was low. However, these were nol
totally fat and small differences in the slope might also affect the impression that the
viewer has of the size of the closest elements to the position of the camera. For
instance, differences in the slope of close areas to the location of the vantage point
might give a misleading impression of the vegetation. Since the camera angle was
always constant in the present study, horizontally to the eve of the wviewer,
differences of the proportion of elements of the landscape (e.g. paddock area) could

b incressed or decrensed by differences in the slope of close areas to the camera,

Fost hoc tests were carnied out with the cbjechve to determine which means of these
variables related (o the use of different visual sampling techniques differed. Scheffic’s
test and Tukey HSD test showed similar results. For the zone 1, both tests displayed
significant differences in mountain area and paddock area between techniques 1 and
2 and between technigues 1 and 3 (P<0.05). For the zone 5, the tests also showed

significant differences in hill area between means related to techniques 1 and 2 as
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well as techniques 2 and 3. In addition, differences in means of paddock arca
proportions related 1o technigues 1 and 3 were found. Finally, for zone 6, significant
differences were found between means of mountain area proportions related 1o
techniques | and 3. In these cases, technique 1 gave the higher proportions of
mountain area in the photographs, the lowest proportions of paddeck area and hall
areas. On the other hand, techaigue 3 gave higher proportions of paddock arca and

the lowest proportion of mountain area. These effects were found across zones.

Table 4.2, MANOWVA of main physical componenis among photographic samples obtained by
the three different I.m:hnfquea of visual sumpling.

LONE VARIABLIES
Shynrea Monntainarea | Hillarea | Wateraren | Paddscharea
Zomae I | F 1959 21.173 3411 . 5,303
Sig. 0.197 {00 [ R 0.006
Zome2 |F L4093 431 0232 . L. 40
Sigs 0.275 L6 0.7 : 0.220
Sone i I 1.237 1.33% 0584 ; 1.5 1] |
gig. 10335 | 0.208 0575 |, 0.199
Zoned |F L.430 0554 0522 ’ 47
Sigs 0,287 L5593 L61d i (LEGG
fome 5 | F 25473 280 11,373 .76 XL
Siz. . 104 0113 0003 0225 0k
fone s | F 0033 5185 [.R24 0319 2055
Sig, (.96 0032 0. 468 0.612 (184

* Degrees of Fesdom: Bevween groups = 2, Within growps = 9, Toral = 1

Also, Multiple Multivariste Analyses OF Vardance (MANOVA) and post-hoc lests
were performed per zone for the variables which take into account the characteristics
within the paddock where the photographs were taken. The results (teble 4.3) showed
significant differences in the record of grassland size in zone 3 and zone & (vanables:
low grassland and middlethigh prassland). For zone 3, post hoc tests (Scheffe’s test
andd Tukey H51) showed significant differences among the collected matenal by all
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the different techniques (significant differences between techniques | and 2, between

techmigues | and 3, and between technigues 2 and 3). For zone 4, post hoc lests

showed significant differences in the comparisens that involved the technique |

{significant differences between techniques 1 and 2 and between lechnigues 1 and 3),

Hence, these results suggest that the different techniques of visual sampling do not

necessarily collect visual material which show the same main physical-visible

components examined. This may be viewed with special care for the applicstion of

the technique | of visual sampling under study (the random technique), which may

record different components compared to the other two visual sampling technigues.

Tahle 4.3, MANOVA of physical compuoneats in the paddock area among photographic samples

ohtained by the three different technigques of visnal sampling.

ZonK VARIABLES S
Soil wiithout Law Middle/High | Rocks
prmesland grrasslnnad prassland

Lo 1 F L.004 1.320 0.728

Sig 0407 0.312 [.505

Fame 2 F 0.962 .95 308

St UETES D.421 0,743
Fone 3 B 171420 147 604 L1132
Bip 3,000 (L000 {364
Lone 4 __]‘7" 10K} L A [ ek {LaED
Sig 405 0.790 070G L5131
Fone 3 F 261 1620 1.671 160
Sig 0,776 0,249 (1.241 {238
Lane f F |55 10933 11379 .25
Sip 0157 (M 0.4%03 (. 7T874

® hagrees of freadom: Between proups = 2, Within groops = 9, Todal = 11

Based on the proporion of e padideck area shown in the photographs,
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The results in the previous section showed differences in the herbage yield among
the different zones. [t could be expected that the presence of tall grasses decrease as
the presence of short grasses increase. Figure 4.7 shows the proportion (mean of the
4 photographs per 2one) of aress with short and tall grasses (proportion of the
paddock area and not the total area of the photograph). These results suppest that
among the three techniques, the one which followed this tendency 15 the lechnigue 3
(mixed techmque), followed by techmigue 2. The random technigque did not register

this characteristic across ifs phoetographic material.

4.5.3. Characterization of components by participatory approach

Figure 4.8 shows the results obtsined from the characterization of each phitograph
by the participants according to the components referred in fable 4.1b, The
differences among the visual samples of the three techniques were marked using this
type of chamcterization, The pominal data revealed the absence of different
components which could be used by the participants as preference indicators.
Preliminary interviews with some representatives of the local population gve some
clues related to the possible indicators that they might use for visual assessment. For
example, there were mentioned the presence of water, grossland cover, height and
eolor and the presence of animals in the area, If so, the different techniques did not
register all the perceptual elements which mught be important in the viewer's

criterion for visual assessmenl.
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Figure 4.7, Proportion (mean) of grassland areas aecording to their size by zone and technigue,
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Figare 4.8. Stacked bar of présence of components evaluated by participants (counts of

phatozraphs by zone and technigoe),
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4.6. Discussion

Multiple approaches have been developed for the selection of observations intended
o obtain some knowledge sbout a certain population (ie. sampling). Indeed,
sampling for statistical inference constitutes one of the most productive branches of
statistics since 1940°3 {Yamane, 1967), Despite this, the sampling of scenes for being
used as visual stimuli in the elicitation of people’s perceptions has further been
neglected, As Hull IV and Revell (1989) pointed out, there are an infinite number of
seenes which could be photographed within a zone. Some researchers apply random
methods for the selection of the position and the perspective from which a
photograph is taken (e.g. Anderson and Schroeder, 1983; Daniel and Boster, 1976).
This practice 15 based on the idea that a landscape has a ‘phvsical reality”
independent of people that see it (Palmer and Hoffman, 2001). However, when the
photographic material is taken with the purpose to be used for getting knowledge
about the perception and preferences thal people have of the photographed zone, the
photographs should include the “elements’ that people take imto account for their
perception. If the visible elements that people “see’ in the real environment are nol
represented in the visual material, the validity of the wse of photographs might be
compromised (Palmer and Hoffman, 2001; Karjalainen and Tyrvainen, 2002). For
this reason, other researchers base the selection of the photographic material in

public judgements or in the opinion of the rescarcher (Hull 1YV and Revell, 1989,

In lieu of further resesrch in visual sampling, the representativencss of the
photographs and its validity become assumptions of the studies of people’s
perception and preferences (Brown and Daniel, 1986; Kaplan ef af., 1972; Latimer ef
af., 1981) independently of the methodology applied for collecting the photographic
material. In this regard, the present work compares the different visible elements
recorded by three methodologies. Despite the present stady 15 an exploratory work
and further research is needed for getting further knowledge about the visible
elements that are important in people’s perceptions, the results of this study show
that the photographs taken using different approaches might record different
elements of the sample zone (figure 4.3). Consequently, some questions regarding
the validity of the photographic material and the replication of the studies that make
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use of such materinl can be mised. For example, how is the validity of the
photographs collected by random methods if these do not ensure the representation
af all relevant elements for the perceptual judgement of people? If subjective
approaches are applied for the selection of the photographic material, how valid is
the visual material if there are different profiles of the people’s perception in the
target population of interest? Moreover, how to replicate 4 study that use subjective
approaches tor the visual sampling if the criteria for the selection of photographic
material might change according to the aritera of the viewer whio makes the scene’s

geleciion or across the tme?

Hull IV and Bevell (1989) discussed some issues that affect the location of the view
recorded by a photograph. First, the selection of the vantage peint {the point within
the zone where the camera will be located) and second, what to look at from the
vantage point (the scene to be photographed). In this regard, the number of possible
vantage points within & zone is infinite as well as the number of possible scenes in a
specific vantage point. In the present study, the photographs were taken horizontally
to-eye of the viewer since this 18 a common practice in visual sampling for landscape
assassment (Hull 1V and Revell, 198%). However, the effect that the camera angle
might have in the validity of the photographic matenal has recetved little attention
across the literature, In this case, landscape photographs have usually been used for
the representation of a zone (Shuttleworth, 1980). However, the way that a person
observes the landscape depends on the objective of viewer (Canter, 1983). For
instanee, if the research is oriented to the study of the impact of a range management
in the perception of scenic heauty by recreationists, the use of landscape photograph
might be usctul for the representation of the angle wsed by recreationists for the
landscape assessment (Sanderson ef al, 1936). In conirast, the most useful angle of
view for carrving oul other tasks, e.g. the evaluation of grassland condition by local
land-users, is still an open research field. The camera angle in landscape photographs
reduces the possibility cstimate correctly the vegetation cover of a zone (Clark and
Hardegree, 2005) but when vertical photographs arc taken, the representation of

other elements in the landscape (e g sources of water) might also be reduced.



On the other hand, the results of the present work show that the characteristics of the
zone might affect the composition of the visual material collecled. In digital
photography, the ground sample distance GSD {distance on the ground represented
by a pixel) varies according o the view angle (Richards and lia, 1999}, As a result,
i landscape photographs, the scene includes pixels with very low GSD (foreground)
and pixels with very high GSD (background) (Clerk and Hardegree, 2005),
According to the topography of the study zone, if there are differences of slope in
areas close to the camera, the representation of the background could be obstructed
by foreground. This might cause a misleading impression of the landscape’s
slements by the viewer. For instance, the increase of foreground in the pholographs
could cause an emphasis on this element or a bad interpretation of the size of the
olects im the foreground (e.g. the perception that the closer vegetation is taller
compared to distant vegetation}. In this regard, techmique 1 did not prevent the
selection of photographs with this type of error, Indeed, technigue | gave the highest
proportions of the mountain area within the photographs. This might atfect the
success of visual sample since the purpose was o use the photographs for a
subsequent study about the human perceptions of grassland areas where the
representation of paddock area is important.

Alternatively, some degree of subjective selection has been used in techniques 2 and
1. Asg a result, the techmique 3 gave the representation of higher proportions of
paddock. This suggests the relevance of the paddock representation in the perception
of the people who participate in the application of this lechmique. In this regand, some
researchers promoted participatory photography in order to include the way that
people observe the environment (Hull IV and Revell, 1989). As a result, the
photographs taken with participatory methods could include a major number of
visual indicators applied by people in the environmental assessment (c.g the
presence of plant species used as mdicators of the degree of desertificabion in
rangelands, An ef al, 2007). However, the application of participatory methods for
visuzal sampling depends on the beliel that “large groups of people share similar
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landscape perceptions’ (Palmer and Hoffinan, 2001), In that case, the representation
of additional elements that might be important For other observers might be reduced.
For instance, the design of rangeland evaluation guidebooks and the selection of
photographs included in such guides are frequently carried out by the researchers of a
particular project {e.g. Milton ef al, 1998: National Research Council 1.8, 1962;
Ottmar et af |, 1998; Ottmar f af,, 2004) but the users of such guides might be local
land-users or extension advisers. It so, further research is needed in the use of these
rangeland puidebooks by human groups which might not share the perception of the

researcher.

4.7. Conclusions

The results presented in the presenl work suggest that the technigue selected for
collecting the visual materal has eritical importance for the good elaboranon of the
visual sample used in some environmental studies (e.g. study of the environmental
porception  through the use of visual guestionnares). [n general, the random
technique recorded less visible components representative of the objective physical
characteristics of the scene than the other two techniques. Yisual sample obtained by
the application of technique 3 showed a closest view of the grassland characteristics
within the paddock compared to the estimation ot herbage yield Further research in
the application of visual sampling techniques is necessary, especially for the success

of subsequent studies which invelves the use of the resulting visual material,
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Chapter 5

Use of Visual Material for Eliciting Shepherds’ Perceptions of
Grassland in Highland Peru *

5.1. Abstract

People’s perceptions of their envirenment in high mountain rangelands ultimately
affect the fragile ecosystems on which they depend, snd thus their welfare, This is
especially true in developing countries, where the livelihoods of people living in such
ecosystems depend on grazing livestock. The present study, conducted in the central
mountain region of Peru, used photographs and ) methodology to mvestigate the
criteria and preferences that shepherds and local administrators apply i making
grazing management decimions, The results showed 2 different sets of criteria and
preferences. In the first set of preferences the condition of the grassland, particularly
the height of the vegetation, was the main criterion. In the second set, the color of the
vegetation wos the key criterion. Implications are discussed for the turther use of this

methodology,

! Cruz, M., Quiroe, B, and Herrero, M. 2007, Use of YVisual Material for Eliciting Shephesds’
Perceptions of Grassland in Highland Pery, Mowontain Besearch ard Development 27(2); 146-152,
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5.2. Introduction

The role of human factors in sustainable agricultural production systems is
fundamental (van de Fliert, 2003). People are key agents in preserving or degrading
ecosysiems such as rangelands, The decisions farmers and shepherds make about
rangeland and grazing management contribute directly to the state of these
ecosystems. These decisions are based on perceptions of the environment i which
they lrve. As the hivelihoods of rangeland inhabitants in many developing countries
are based on grazing livestock, the productivity of rangeland ecosystems has a

signtficant impact on their welfare.

Thus researchers have sought o assess the perceptions on which rangeland
management decisions are based. Several methodologies (e.p. questionnaires, case
stuchies, group interviews, acnal photography interpretations) have been used,
Among these are surveys that ask participants to respond to photographs and visual
representations (Swalhield and Foster, 2000). Londscope planners and environmental
assessment researchers regularly use visual representution methods to assess
landscape perceptions (Craik and Feimer, 1987) because they are cost-effective and
easy [0 administer (Fairweather and Swalfieid, 2001). In addition, wvisual
representation can be used as a ‘common currency” for enhancing communication
among diverse groups (Orland e al, 2001). In developing countries, such methods
could contobute greatly to knowledge transfer in natural resource management, as
well as o research on the perceptions of stakcholders. The aim of the present article,
therefore, 15 to aszess the use of visual materal in a Peravian study aiming to elicat
the perceptioms of primary stakeholders—shepherds and local administrators—aboul

natural resource management in the high mountain grassiands.



5.3. Study area and participants

The study was carmied out in the Sociedad Andina de Inversiones Sub-Regionales

(SAIS, 1.e. Andean SubRegional Investmen! Association) Pachacutec, m the central

mountain region of Perw. The study arca is predominantly natural pasture. Intensive

prazing, along with the biophysical characteristics associated with such mountain

regions, results in a wide vasiation in pasture conditions across the arca. To select

zones representative of the major grassland repimes, advice from  researchers
working in the area and from local administrators and shepherds was sought. This

consultation resulted in the selection of 6 zones (Table 5.1). Herhaceous hiomass

production and species composition were then estimated for each zone.

Table 5.1, Zones sebected for the study and total estimated dey-weights (kg'ha) af herbage per
FITTR
Fomy Fuddock nome | Production unit Coordinates | Altltude (m) | Estimared
dry-weight
{hgz'ha)
| Cirdennal Santa Ana ITRI0E, 4029 416
BT44179 N N -
z Chucrawain Corpacancha 367513 E, 207 G736
BTE0GL0 M
3 Tinyac Corpacanchs IGTIFFE, 4245 6575
BT4EE55 N
4 Fuspicancho Samiz Ann A71360 E, 4031 4473
| [ ET4A3TT M
3 Yanacocha Corpecancha IS8R E, i M)
BTATU1E N
fa Ramrnmuachay Clorpacancha I61985 E, 4557 75
BT4TIZA N

113 individuals involved in grazing management were interviewed: 76 shepherds, 15
local admimistrators, and 22 others. The sample comprised 68 men and 45 women.
All the participants spoke Spanish and 45% also spoke Quechua, the prehispanic

native Peruvian language; 97% were literate,
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2.4. Materials and methods

5.4.1. Visual (photographic) questionnaire

To develop the visual (1e photographic) questionnaire, 4 views of each zone from a
vantage point were photographed (Figure 5.1). These ponts were selected by
individuals identified by the community as having appropriate knowledge (ep a
shepherd in charge of a paddock, or a person familiar with a zone and prazing
management wilhin ), The mm was 0 select vantage points from which
photographs, that would represent the main features of each zone, could be taken.
The 24 photographs (4 photographs tn each zone) that made up the visual
guestionnaire were taken with a digital camera at a resolution of 1600 x 1200 pixels.
At gach vaniage point, the direction of the first photograph was chosen at random,
The other 3 photogmphs were then taken by rotating the camera 90°, 180" and 270"
from the first (Daniel and Boster, 1976), Each of the 24 photographs (15 = 20 cm)
was labeled with a random three-digit alphanumeric identifier. The guestionnaire was
printed on photographic paper and Jaminated for protecton dunng multiple

evaluations.

542 Methodology

Two methods were used w gather data. One was Q methodology, using the visual
guestionnaire. ) sort is a technique introduced by Stephenson (1953) for behavioral
research, Parlicipants rank order a set of items (the O sample) under a specified
condition of performance. The rank order assigned to items by each participant is
called a *Q sort” (Brown, 1980). The technique allows people to explain the basis of
their choices and also allows pattens in Q sorts to be examined by factor analvaiz
(Brown, 1980; Fairweather and Swaffield, 2001). In its most typical form, the Q
sample is made up of written statements (Brown, 1930}, Other authors have stressed
the need to include, for example, images or recordings as sample items, but these are
still rarely used. Some recent studies that combined images and ) methodology have
been presented by Fairweather and Swaffield (2001), Gabr (2004), and Swaffield and

Fairweather [ 1994).
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Figure 5.1. Examples of photographs taken in the 6 selected zones.
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After a pilot test, a complete © sort was chosen for this study. In the pilot test,
participants were asked to rank the condition of grassland. The responscs indicated
that they were reluctant to assign low rankings, perhaps because they associated the
corudition of their grassland with their vwn performance in managing graving. Given

this, it was decided on a camplete 3 sort to aveid any bias.

Survey interviews using the visual questionnaire were conducted in the Corpacancha
and Santa Ana production unitz. Participants were asked to rank order the 24
photographs according to the suitability of the area shown in the photographs for
grazing sheep. To do this, the participants wene first asked to mank the photographs
into & piles (the first representing the most preferred and the sixth the least
preferved). Next, they were asked to rank order the photographs within each pile
according to the same criteria. How participants assessed the condition of the area
and decided on the best zone for grazing sheep was left to them, The participants
were meraely instructed to rank arder the mames hased] on what they could see in the

photographs.

The second method was a survey of perceptions gathered by semi-structured
interviews, The survey was based on & questionnaime—developed with the findings
from preliminary mterviews with administrators and seme of the shepherds—that
incorporsted local concepts and terminology for grazing management. Participants
were inferviewed and, usmg the gueshonnaire, they were asked to describe the

characteristics of the grasslands they preferred for grazing sheep,

5.5. Analysis and Results

5.5.1. Q methodology

First the rank orders were analyzed for each photograph. Table 5.2 shows that the
rank orders are highly dispersed, even for photographs in the same zone,
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Table 5.2, Ranking of ones accarding to participanis,

Foae Facior 1 Foeior 2
Median Interguartile Median Inberguartile
rlnpee rimge

I 19 T 12 10
i [ 8 6 7
3 11 f (i) fa
4 u 41 19 7
5 | 13 I
4 L7 13 fa

The 113 Q soris were then correlated and rotated using the varimax option of factor
analysis. The factors were defined according to the criterion that the loadings related
o one factor had to be significant for only one factor (Fairweather and Swalhield
2001). For the () sample in this study (24 photographs), the standard error for a sero-
order loading was 1/MN=0.20 (Brown, 1980). This means that the loading had to be
at least 0.20 = 2,58 = (.52 at the 0.01 probability level {Fairweather and Swaffield,
2001). The data at the 0,05 and 0.10 probability levels was also analyzed, but as there
were np major changes in the composition of the factors, it was used the D.OI

probability level.

Two factors accounted for 53% of the cumulative variance in the rotated comrelation
matrix, Factor | accounted for 30% and Factor 2 for 23%. Q sorts contributed
significantly to defining these factors in 81 subjects’ responses (72% of the
participants). Participants with different roles in grazing management were
associated with each factor (Figure 5.2). This suggests that the prolile of a participant
who contributed significantly to a specific factor and sharcd similar preferences with
the other participants contributing to that factor is not related to the person's role in
the SAIS. The following interpretations are based on the 6 top- and the 6 botlom-
ranked photographs for each factor {Fairweather and Swalfield, 2000 ).
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Figure 5.2. Number of participants per pastoral function for each factor.

Number of participants

Factor 1 Factor 2 Nona

[ | Shepherds

5811, Factor 1

In the present study, 50 participants were associgted with Factor 1, of whom 1T were

wommen and 33 were men (Figure 3.3).

In the & top-rankcd photographs in this factor, the predominant feature was the
grassland in the paddock (tall grassland vegetation), The top 2 and the bottom 2 of
the 6 top-ranked photographs were from Zone |, According to the estimates of dry-
weight biomass (Table 5.1), Zone | has the highest herbaceous biomass production
of the 6 zones. However, the other 2 photographs in this factor (the third and fourth
top-ranked photographs) were from Zone & (the zone with the lowest herbaceous
biomass production). These photographs may have given a misleading impression of
the vegetation in £one & because of the angle and position from whech they were
taken with respect to the vegetation and slope of the ground. This means that visual
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samphing by randomly pointing the camera for the first photo may present problems
in taking representative views of grassland areas. Nevertheless, the results sugpest
that the subjects based ther preferences mainly on what they could see in the
photographs rather than on any pricr knowledge they might have had of the arcas

shown

Figure 5.3, Number of participants for cach factor by gender nod nge.
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Of the & least preferred photographs for Factor 1, 4 were of Zone 5, and 2 were of
Zone 4. These photographs showed areas that were not entirely grassland or, it they

were, the vegetation was short and stony areas were typical.

The analysis of results for Factor | swggests that subjects with this set of perceptions
base thewr grazing management decisions mainly on the height of prassland
vegetation, The fact that the coondinator who led the establistiment of the graging
management schedule was in the category with this factor shows that some subjects
at all levels of the process shared his crterion, However, a secomd factor indicales
that a second group of subjects did not share the same perceptions of the photographs

as the subjects in Factor 1 and 2o did not establish their preferences in the same way.

2.3.1.2, Faclor 2

The @ sorts of 31 subjects (18 men and 13 women) shaped Factor 2. The & top-
ranked photographs for Factor 2 mamly showed open areas of grassland with short
vegetation, The first, third and sixth ranking photographs in this group were taken in
Zone 4, the second and fourth were taken in Zone 6, and the fifth was taken in Zone
5. Herbaceous biomass production in these zones was lower than in Zones | and 2,
An overall green color, rather than short vegetation, was charactenstic of the
grassland in these 6 photographs. In addition, 2 of the 6 top-ranked photographs
showed sources of water, The 6 top-ranked photographs in Factor | showed no water
sources, The 6 bottom-ranked photopraphs for Factor 2 showed arees fully covered
by grasslands of regular height. Mone of these showed sources of water and the
vegetation tended to be yellow. Of the 6 least-pretemed photographs, 3 were taken in
Zone 3 and the other 3 were taken in Zone 2. This means that in this group, the color
of the vepetation was more important to participants in assessing grassland condition

ard making decisions on grazing management than the height of the vegetation,
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5.5.2, Interview results

Figure 5.4 shows grassland charactenistics preferred by participants as determined by
their responses to semi-structared interviews rather than to the visual guestionnaire.
While some of the preferred charactenistics identified from the interviews wers
similar to the preferred characteristics identified from the visual questionnaire. there
was an important difference. In intérviews, subjects fsvonng either of the 2 factors
indicated that the most important consideration in grazing management was water for
livestock (lagoon, lake. river, irrgation ditch, or other large body of water), This
could be because water i5 scurce in the study area by comparison with ecosystems at
lower altitudes. In fact, the Program for the Improvement of High Andean
Grasslands stresses, in its Plan of Forage Resource Management for the SAIS
Pachacutec (Florez, 2003), the importance of water conservation for increasing the

production of the grasslands.

Nevertheless, when the inlerview responses were compared 1o the responses (o the
visual questionnaire, they differed in the Factor | group: the responses to the visual
questionnaire did not identify water for livestock as the main consideration in
grazing management. Indeed, the 44% of participanis contributing to Factor | did not
rank any photographs showing a source of water among their top 6. Furthermore, the
photograph with the most obvious and largest source of water {a lagoon) was

classitied as one of the least preferred.

Converscly, participants in the Factor 2 group had similar responses to this variable
baoth when presented with the visual questionnaire and when interviewed. Their most
preferred photographs showed sources of water (the lageon) or some feature relsted
to a source of water (e.g. irrigation ditches), although this was not the only critenon

for their preference.
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Figure 54 Preferred indicators mentioned by participnnis in the verbol questionnaire. (A)

Factor 13 (B) Fagtor 2,
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5.6. Discussion

The results of this study show that direct stakeholders (i.e. shepherds and local
administrators) hiave different preferénces when assessing grazing in this arca of the
Peruvian central mountaing. Some researchers argue that many factors contribute 1o
human responses to nabive vepetation, some of them learnt aml others innate
{Williams and Cary, 2001). People's preferences for certain types of grassland for
grazng their livestock have been linked to factors such as their knowledge of an
ecosystem or the value they assign to a grassland for agricultural production (Orland,
1988; Willhams and Cary, 2001). The results of the present study sugpest that

inhalritants assess grasslands vsing visual criteria, but from different perspectives,

Previous studies have also reported that different groups have different perceptions
of rangeland conditions. For cxample, Wezel and Haigis (2000} showed that the
perceplions of men and women e Niger differ because they perform different tasks.
Such tusk-based differences were not observed in this study. Gender, function, age,
experience, and prior knowledge of the study area were not related 1w Factors 1 and
2,

A review of the literature indicates that this is the first study in this area to use a
visual questionnaire and ) methodology to assess perceptions. The esse of
appheation and the mterest aroused among the participants by the use of photographs
means that this methodology could be a powerful wol for communication, especially
with shepherds. The subjects in the pilot test (a verbal structured questionname)
responded poorly to interviews and many refused 1o answer questions &l all. In
contrast, participants responded well to the photographic questionnaire, becoming
involved and participating actively.

Morcover, the © sorts and analysis of responses to the photographic guestionnaire
showed clear differences in the most preferred indicators compared Lo the reselts of
semi-structured interviews. Differences in responses w0 visual and  verbal
guestionnaires have been reported in previous literature. Tahvanainen o al (2001}

used visual and verbal stimuli to compare visual perceptions with preconceptions. In
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the present study there may be other factors that influence the differences between
responses to both types of stimulus, However, the resulls sugges! thal participants’
assessments were based on what they could sce in the photographs rather than on
prior knowledge of the zone in question. Thus, further research is needed to validate
the basis on which rangeland inhabitants make decisions on grassland management,
This further research may take different approaches, such as wsing Geographic

Information Systems and Participatory Multicrteria Decision Analysis,

In addition, concerns about the methods vsed o ke visual samples of landscapes
and the wvalidity of visual guestionnares for perceptual research still have to be
resolved. When the research objective i3 to compare perceplions of environments as
shown in photographs with perceptions of actual environments, the method ol taking
vigual apmples of these environments is critical to the validity of the study. Provious
studies suggest that visual samples must represent not only the physical components
of the landscape but also the perceptual components that participants consider. The
problem here, however, 15 how o establish these perceptual components at the
outset, [n this stdy, it was partly relicd on a participatory approach; people with
knowledge of the area were asked to select the vantage points for the photographs for
each aome, Despite this, the study shows that participants do not base their decisions
on the same criterin. It would be preferable, therefore, if the method of visual

sempling used in future studies ook this into consideration,

5.7. Conclusions

The results of this study sugpest that photogeaphic questionnaires and ©
methodology are promising tools for research on the environmental perceptions of
people whose livelihoods depend on grasslands in the Peruvian central mountains,
The study identified 2 sets of criteria for assessing the suitability for grazing of

natural grasslands.

The resulis suggest that even if grazing management plans have been developed (as
is the case in the study area), stakeholders do not necessanly share the same

perceptions of the best grazing arcas. Further research iz needed o shudy the



implicatiens that such differences in the perceptions of stakeholders will have for
datly decisions made i grazing management, as well as in terms of the long-term
impacts of such management on grassland ccosystems and the welfare of ther

inhabitants,
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Chapter 6

Discussion

White (1%92) has stressed that any significant activity in malural resource
management (NREM) relies 1o some extent on visual information. As a result, the use
of visual tools seems to be o logical choice for several researchers lor the
improvement of communication in NRM (e.g Barrell ef al., 2007; Heong ef al., 1998;
Lewis and Sheppard, 2006; Meitner ef al., 2005; Orland, 1992; Orland, 1994; Paar,
2006; Punia and Pandey, 2006, Sheppard, 2005 Stolunan ef al , 2004; Sallivan ef al,
194¥T; Tress and Tress, Y003; White, 1992; Wijekoon and Newton, 19498), However,
as the literature review presented in Chapter 2 has emphasized, there are several open
reseiarch quesiions regarding the use of visueal material in NRM. Consequently, the
present thesis contributes to the rescarch on NREM giving further insight in the use of
vignal material in a rangeland context, The following sections contain further
discussion of the results found in the present thesis, & summary of the main
confributions, the list of raised conclusions and a proposal for future lines of

resaprch.

6.1. Who was the target human group of this thesis?

As it was reviewed in Chapter 2, the Agenda 21 of the United Nations Conference of
Environment and Development (UNCEP) (1992) emphesizes that the users and
providers ol information in sustainable development include stakeholders at all
levels. In this regard, farmers and advisers workers who interact with them play 2
kev role in planning and the decision making chain in agriculture (Budak e al.,
2005; Scherr, 1992; Solano e al, 2003). In Peru, small producers and landhelders
constitute the vast majority of the agricultural workers {Plaza and Stromquist, 2006).
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Ortaz (2006) points put that the Peruvian agricultural knowledge and the information
exchange can be traced back to the prehispanic times when a “well-aorganized syvstem
based on indigenous knowledge prevailed®, However, he discusses that dunng
colonial {1532-1821) and early Republican times (beginning 1821) the indigenous
knowledge systems were weaken by several changes i the agricultural sector.
Nowadays, poverly 1s pervasive among the farm houschold in Peruvian rural areas
(INEI, 2002). Public agricultural extension is limited and non-governmental
institutions (NGOs) and pnvate orpanizations try to fll the gap in the dissemination
of information (Ortizz, 2006). Despite this, the scarce resources are a limitation m
their work and so the prioritization of interventions and the selection ol more
efficient tools to target the needs of farmers are vital (Bernet o of,, 2001; Patanothai,
1997). As in other research areas that involves Peruvian farmers and communitics
(Kanashire er al, 2003), a major problem has been the lack of effective
communication between researchers and land-users. The format and presentation of
information 15 important to ensure understanding by farmers and advisers as well as
to merease the participation of land users in the research. In this conmtext, the
inclusion of visual material is a common practive in the design of manuals and
pamphlets (e.g. Florez, 2005; Florez and Bryant, 1989; Florez er al, 1992; Torres,
2002, Valdivia ef al, 1997). Nevertheless, little research has been performed in the
effectivensss and validity of the use of such matenal by Peruvian farmers and
advisers. As it was discussed in Chapter 2, several claims have been made about the
effectiveness of visual representations (e.g. about its validity and representativeness)
in the communication with land-ugsers bat litlle verification of such elaims is found
across the literature, White (1992) have pointed out that “there is a strong future for
visualization in integrated resource management, The ability to assess the impacts of
various environmental management activities and promote public participation in the
decision-making process is erifical. The visual aimulation of etfects such as disease,
insect damape, fire risk, transportation engineering and habitat conditions, both as
related to current conditions as well as to consequences over fime, are also
beneficial” (page 279, White, 1992). Following this opinion, the use of visual
material constitutes a promising support tool for the cohancement of a

cerminunication process among researchers, advisers and Barmers in Peru, A direct
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effect of the findings can be found in the design of more effective guidebooks and
manuals used in a rangeland context with the inclusion of more valid and
representabive visual material However, the findings of this research might also
contribute in the enhancement of participatory approaches commaonly applied in rural
areas of Peru, such as the farmer field school programs (Ortiz et af, 2004), with the
use of wvisual representations that might lake into account nol only the visible
physical characteristics of the natural resources but also the visihle clements that are
important for the farmer” perceptions. Further discussion 15 given in the next

SeCtions.

6.2. What was the purpose of the use of photographs?

Previous studies in the use of visual representation in the context of natural resource
management have tended to focus upon either technical issues, such ns how Lo create
and represent the different parts of the landscape; or upon the use of visual
representation as stimulus for the study of pubhc preferences under the background
of a perception research; or upon the examination of public preferences to different
proposals in the context of visual impact. Studies on the application of visual
representations in the assessment of the natural resources upon the context of daily

management decisions are less frequent, especially at the farmer’s level.

In this regard, it was chosen to subscribe the research to the setting of a specific
natural resource whose management would mainly involve daily decisions based on
wisual assessments. For this reason, it was selected to restrict the studies o the topic
of grazing management and the concepts related to the performance of & task that
involved daily decisions taken by the participants in research related to it (the

condition assessment of the area [or grazing management activities).
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6.3. Overall response: Shepherds and advisers

The present research involved two main target human groups living in difterent
grassland arcas of Peru. Both of them were selected according 1o the objectives and

limitations of the study.

6.3.1. Extension workers

The study carmed out in Puno had the collaboration of seven panticipants whe were
idennified as the advisers in the region, nnd whose work was related to grassland
condition assessments. Even if this number of participants could be seen as reduced,
it is important to note that the advisers in this area are not many, and the paticipants
in this study were all identified advisers who were working in this topic and in the
study area at the time of the research. Due to the small number of advizsers and the
geographic extension that they had 1o cover (quite large areas, but also guite commaon
in developing countries due to lack of resources), the importance of their function as

*catal ysts and information brokers’ (Scherr, 1992) i8 recopnized

The overall response that this group showed to the use of the visual material was
promising. They not only revealed interest in the use of photographs for grassland
condition assessment but also some of them manifested their interest of petting
knowledge of other types of visual representations. In this sense, in spite of the fact
that their current use of visual material was limited at the time of the study, the
overall response that this group showed to the use to this type of material was
promising and they showed good disposition o the fuure use of visual matenial,
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6.3.2. Shepherds

The participants in the studies carried out in the SATS Pachacutee (chapters 4 and 5)
showed also a pood disposition to use wisual material and to answer visual
questionnaires. The study in chapter 5 showed that, compared 1o the pilol test, this
human group showed more interest to eollaborate and answer visual gquestionnaires
than written gquestionnaires. However, the limitations in the field due to restricted
access to computers or the continued displacement of the shepherds due to their
working activities suggest that other types of visual material such as computer-bazead
representations would not be possible to implement in the short term. Other types of
visual material such as videos have been proposed in the hiterature (Freimund ef al,
2002) but the photographic material appears to be the most suitable visual material to

use in the area due to its simpheity.

Campilan ¢ ol (2006) pointed out that one weakness of the research that involved
farmers’ participation was that their response and interest in the rescarch decrensed
in the course of time, On the other hand, Conroy (20035) pointed out that the use of
viswl matenial might increase the engagement of the farmer in the research. Apart
from this, in a study about the cooperation of participants in surveys, Lec ef al,
{2004) concluded that the decreasing of difficulty level counterbalances the effect of
increasing parficipation fatigue. Taking into account the cognitive advantages that
the visual representations have over other types of formats (e verbal and written
information) (Graber, 1996; Tahvanainen ¢f al., 2001; Tufte, 1983), the findings of
the case studies presented in this thesis (regarding the overall responses of farmers
and advisers) (chapter 3 and 5) might contribute to confirm the proposals of Conroy
{2005) and Lee ¢ al., (2004), The overall responses of both human groups in the
present thesis sugpest that the use of visual matenal in participatory approaches
mught attenuate the problem of *participation fatigue’ reported by Campilan et al
(2006).
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6.4,

Main findings

The particular contribution of this thesis was oriented to get further knowledpge of the

use of visual materials as sumogales of natural resources by local people in

developing countries, The following points are suggested as the main contributions

of this researci:

A comprehensive literature review of some bencfits and research concerns
that the use of visual representation has offered 1o the area of natural resource
management, especially in the improvement of communication process that

invelves non-scientific groups.

The evaluation of the validity and rehahility of the use of visual material for
the assessment of grassland conditions by extension workers, The study was
done in an area where this human group has a critical role for the knowledge
transfer to farmers and shepherds and where the use of visual materal can

contribute o the support of their work,

The comparison of some techniques used in visual sampling, a research topic

that in spite of its importance has often been neglected.

The uvse of visual material for the study of the preferences that the critical
stakeholders, such as shepherds and supervisors, have about their
environment. This was apalyzed in the context of grazing management
decisions in areas where the overgrazing 18 Imked to the degradation of the

environment as well as the welfare of their local human population.

The following lines review the discussion of the main issues pertaining to the subject

matter of this dissertation.
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6.5. Oveoerview

Tufte (1983), in his book "The Visual Display of Quantitative Information”,
presented his theory of date graphics. This paid attention to the advantages of using
some [ypes of viseal representation (e maps, diagrams. charts) for the
communication of information over other types of data presentation {i.e. written or
verbal information), Since then, several researchers have promoded graphics o help
people amplify their understanding of data (Munzner, 2002), On the other hand,
Lewis and Sheppard (20006) have siressed that the use of iypical resource
management planning, such as maps and reports with data graphics, is not
necessarily the best form to present information to local communities, This i3 due to
the fact that local communities may find these types of graphic formats difficult o
understand {Lewis and Sheppard, 2006}, Although several studies have been carvied
oul in the use of some types of visual representation {e.g. the use of maps by farmers
in the Peruvian Andes, Bussink, 2003), az it was reviewed in Chapter 2, the
advantages of the use of photographic material are still pursued by other new
technologies of visual representations (e.g. realism of the representation, Makamac
and Tadamura, 1995; Rademacher ef al, 2001). The literature review developed in
Chapter 2 has drawn attention to the lack of research in some assumed items related
to the use of photographs in NREM. Some rescarchers have previously stressed this
fact. For instance, Palmer and Hoffman (2001) pointed out regarding the use of
photographic material in landscape assessments: “As for the procedures used [the use
of photographic material], the reply [of the professionals] will be that they are
‘widely aceepted’... Nor could they refer to work demonstrating the reliability of the
evaluation methods they use, particularly as applied to their specific project.” (page
151, Palmer and Hoffman, 2001). Consequently, the findings of the present thesis
contribute to get further knowledge about some research areas in the use of visual
material in NREM that have been neglected in the literature, especially the use of
photographic material by local natural resources managers (e.g. [armers and
advisers). In particular, the findings of thiz thesis mive further insight about the
relinbility, validity and representativencss of photographic matemal presenting

several case studies carried out in a rangeland context,
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6.5.1. Reliability of visual material use

As it was discussed in the literature review presented in Chapter 2, reliability is one
of the topics which have been identified as an area needing attention in the wpic of
visuahzotion applied to environmental management {Orland, 1992; Daniel, 1992), In
this regard, the case study presented in Chapter 3 explored this property in the use of
photographic material by extension advisers by the caleulation of the Intraclass
correlation coefficients (1CCs) commonly used for measuring reliability, Reliability
refers to the consistency of the scores given by a proup of people in a senes of
asseasments based on the same stmulus (Alarcon, 1991). Some researchers have
previously reported the reliability of assessments based on photographic material.
For instance, Hetherington ef al. (1993), evaluating different media for representing
landscapes with dynmme elements, reported high group-to-group reliabilities for the
use of images {ranging from 0.91 to 0.95). In the same way, Palmer and Hoffinan
(2001 pointed out that in the ares of landscape assessment, several researchers have
also reported high reliability when photographic material is used (e.g. Damiel ef al,
1989; Gobster and Chenoweth, 1989; Parsons and Daniel, 1988, Rudis ef al, | 988),
However, as Palmer and Hoffman {2001) also noted, the major part of the prior
studies made use of group™s mean for the calculation of reliability coefficients. That
1%, instead of using the individual rating as unit of analysis for the caleulation of the
refiability coefficient, the rescarchers of these studies used the group’s mean rating
Tor the evaluation of the reliability. Tn this regard, Robinson (19500 showed that there
might be a problem when the unit of analysis is the group’s mean. He showed that
the correlations using a group’s mean as the statistical object might be totally
different to the comrelations where an indivisible statistical object was used. In turn,
Ebel {1951) and more recently, Palmer and Hoffman (2001) argue that if the viewers
of a photograph ordinarily work individually then the individual rating should be the
appropriate unit of analysis when the reliability ot ratings is studied. [n that case, few
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studies report the rehability based on the individual mtings. Palmer and HoFfman
(2001 mention that the reported reliability of photographic matenial based on
mdividual ratings 15 usoally wvery different compared to the high reliability
coefficients caloulated based on group’s means. For instance, Patsfall er all (1984)
found a reliability coefficient of 0.23 when the individual preference ratings wene
considered. In the same way, the data reported by Palmer (1983), Palmer (1998),
Palmer and Smardon (1989) had reliability coefficients (ntraclass correlation

cogfficients) ranging from 0.243 to 0.633 for individual ratings.

In contrast, the results of the case study in Chapter 3 showed that the photo-based
assessments performed by the extension workers were highly reliable (ICCs>0.85),
These results (based on the individual assessments) were even higher than the ones
indicated by Palmer and HofTman (2001) as the expected reliability coefficients
among psychometricians (0.7-0.8). The difference found in this case study comparad
to the previous works reported by Palmer and Holfman (2001), Palmer and Smardon
(1989), Pabmer (1983) and Palmer ( 1998) may be based on the different context wer
the photographs were used. The participants of the previous studies were residents of
urban areas who might not have the daily experience of the environment under study
as the ndvisers who participated in the present work, As far as the literature review
allows discerning, the case study in Chapter 3 represents one of the first to assess the
reliability and validity of the use of photographic material in rural areas such as the
ones in the Peruvian High Plateau. These results also support the work of several
researchers who promaote the design of rangeland evaluation guidebooks that include
photographic material (¢.g Ottmar ef al, 1993; Ottimar ef al. 2004, Wright ef al,
2002). Findings of the case study in Chapter 3 showed that in a rangelond context,
the visual materals are reliable tools for supporting the assessment of prassland

condition and the stocking rate by local advisers.
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6.5.2, Validity of visual material

The study of the validity of the visoal material was proposed in two ways. The first
(Chapter 3) was related to the validity according to the criterion {Alarcon, 1991).
This invalved the compunson of the photo-based assessments with the responses of
the viewer in the comrespondent real environment showed in the visual sample. The
second was onented to the validity of the contents ( Alarcon, 1991} shown {Chapler
4.

6.5.2.1. Validity of the use of visual material

Oither research gap reviewed in Chapler 2 was related to the validity of the use of
visual material by natural resource managers. The validity is described by Palmer
and Hotfman (2001 ) as “the degree that something is as it purports to be™ (page 154,
Palmer and Hoffman, 2001). In this sense, the validity of the use of visual material 15
psually evaluated by the companson of the viewer™s responses (ez  visual
assessment of grassland condition) based on the visual material with the observer's
responses to the real environment that such visual material is intended to represent.
Several authors have evaluated the validity of the use of visual material reporting
high levels of consistency (high positive correlations) (e.g. Daniel and Boster, 1976;
Shafer and Richards, 1974; Shuttleworth, 19805 Zube ef al., 1987). However, these
previous studies were mainly developed on the context of landscape assessment and
soenic beauty or using participants (what Blascovich er af. | 2002 referred as ‘samples
of convenience’, c.g students) who were nol necessarily representative of the
involved stakeholders in natural resource management, As it was pointed ot in the
previous section, in the case of the reliability, previous studies with human groups
that were not the direct manapers of natural resources reported differences in the
reliability of use of visual material by extension advisers (Chapter 3). In turn, Hull
and Stewart (1992) stoted that “the realism of the context in which persons’
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reaponses arg clicited 15 ontical becouse responses (i.e. bochaviors, athitudes,
emotions, scenic beauty evaluations) are embedded in, and dependent upon, the
physical, social, and cultural contexts in which they take place. Therefore an
ceologically valid context s one that contains all factors which directly impact or
indlirectly mediate the observed response”™ (page 101, Hull and Stewart, 1992). In this
regard, the case study in Chapter 3 provides fuither knowledge about the validity of
the use of visual matenal i & context that was not previously reported in the
literature. That is, the use of visual material by the direct stakeholders, whose daily
work and economical activity is based on such visual assessments. As it was
presenied in Chapter 3, this case study examined the validity of the use of visual
material by extension workers in the context of a task refated to their daily decisions:

the grassland condition assessment and the estimation of the stocking rate.

As it was mentioned in the previous section, Ebel (1951) and Palmer and Hoffman
(2001 ) have stressed the importance of the selection of unit ot analvsiz when visual
material is evaluated. The problem found in the correlalions of group’s mean
reported by Robinson (1950) is also a possible source of error in the studies of Daniel
and Boster (1976), Shafer and Richards (1974), Shuttleworth (1980}, Zube e al,
1987. The latter researchers found high correlation coefficients based on the
evaluation of the group’s mean rating. In this regard, the findings of the case study
presented in Chapter 3 showed that the use of one pholograph for comparing the
assessment of a complete zone (such as the one realized i site) presented lower
correlations  cocfficients than the ones observed when the ratings of the 10
photographs per zone were used. These findings might conlirm the concern stressed
by Ebel (1951) and Palmer and Hoftman (2001} about the vse of group’s means in
the evaluation of validity and reliahility of photographic material, Following the
discussion of Hull and Steward [1992), the results based on individual photographs
could suggest that only one photograph might not contain all visible factors which
influence the viewer response. Findings in the case study of Chapter 3 showed that
despite the experience of the participants in the assigned task, the use of one

photograph produced significant differences with their performance in site.
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On the other hand, the use of a single photograph to represent the visual condition of
a 7one 18 a common practice {Hull 1V and Revell, 1989: Palmer and Hoffman, 2001).
In that case, one of the disadvantages of the use of photographs as surrogates in
natural resource scenarios is that cach photograph only shows a limited scene of the
complete scenario under study, Moreover, the results of comparing the assessment in
one photograph can vary to the assessment of another photograph taken in the same
scenano bul from a different viewpoint. Following this reasoning, if the objective of
the use of the visusl material is to serve as surrogates of real environments which are
the subject under study (e the research's ohjective 15 to investigate the
environmental assessment of a real environment using as substitute visoal material),
then the use of several photographs for showing different viewpuoints of the real study
zone can be seen as more representative than the use of only one photograph,
Alternatively, individual imapge could be considered when the visual material i3 used

with other purposes (e.g o show hypothetical scenarios by image editing),

In addition, the sub-estimation of stocking rafes based on photo-based assessments
showed that the validity of the use of visual material relied also on the type of task to
be performed. It was observed that during in-situ assessments, the participants
showed a displucement across the selected paddock for doing such assessments.
Therefore, the identical assessment responses could not be expected in photo-based
assessments. Howewer, it should be noted that although significant differences were
observed between in-situ and photo-based assessments when one photograph was the
unit of the analyzis, in general, the correlation coefficients were within what Palmer
and Hofliman (2001) based on the information given by Nunnally (1978) indicated as
desired targets for validity requirements: *a minimum correlation of 0.70 and a

preferred correlation of 0.90" (page 155, Palmer and Hoffman, 2001,

The results ghout validity found in the case study of Chapter 3 might have
implications in the development of visual support material (e.g, Ottmar o al,, 2004),
which can help the adviser in the assessment of grassland assessment. Despite the

ideal for a range condition assessment might be the use of an objective method, the
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maost frequently methods applied for this task is the use of subjective methods related
to visual assessments (Jordaan e al, 1997) In that case, the use of rangcland
guidebooks such as for example the ones designed by Otimar of al. (1998), Ottmar e/
al, (2004) and Wright of al. (2002) make use of subjective comparisons of the visible
physical characteristics showed in the photographs of previcusly studied areas with
the zone that the extension worker is evaluating. However, little research has
previously done in order o evaluate if the visual material included might provide
valid representations of the zones showed in the photographs, Findings of case atudy
in Chapter 3 indicate that the design of such rangeland evaluation guidebooks should

consider the representativeness of the collected visual material and publish more than

one photograph.

6.5.2.2. Validity of the photograph contents

The content validity 13 also related to the representativeness of the sample (1.e. visual
sample). This can be determined when the visible elements which are part of the
visual material constitute a representative sample of the indicators of the
characteristic or performance that is under study, Hence, the content validity of the
visual material is an essential requirement for the success of any use of this type of
tool. Howewver, hittle attention has been offered across the hiterature as it was
discussed in the literature review in Chapter 2. Palmer and Hoffmann (2001) pommited
out that when pholographic material is used with the purpose to document an area,
the sclection of the photographs does not commonly follow any explicit approach
beyond a desire 10 be ‘representative’. As it was discossed in Chapter 4, the
representativeness of visual samples for its subsequent use in environmental
assessment by local human groups, involves more than one criterion. Palmer and
Hoftman (2001 ) pointed out that “the landscape has a physical veality independent of
people that can be characterized through vanous measurements. The landscape also
has a reality that depends on our individual perceptions” (page 149, Palmer and
Hoffiman, 2001).
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In this sense, the visual sample should include the visual elements which represent
the objective physical characteristics of the study ares and the perceptual

charactenstics which could influence the ohserver entena during a visual assessment.

Due to its importance, this dissertation explored the use of three technigues applied
in visual sampling which were suggested in the literature for such task. In spite of the
fact that further research s necded on the efficiency of such techniques; the obtained
results demonstrated significant differences among the techniques. The wechnigues
under examination included the selection of the vantage points and the secenes to be
taken according to three different approaches: a random selection, the selection of the
photographs to include in the visual sample by the participant; and a selection of the
vantage point by the participant and the rotation of the camera for taking the

photographs in each zone.

Explonng the results, two main issues were observed when visual sampling was
performed. First, the inclusion of all the physical-visible elements of the enviromment
in jost one photograph was nol schieved, Second, the vse of more than one
photograph (four photographs per zone in that study) also presented differences in
the physical-visual components mecorded by the different technigues. The
comparison with the estimated herbage vield of the paddock showed in the first plane
of the photograph, suggested that the technique 3 (selection of the vantage point by
the participant and rotation of the camera for taking 4 photographs) could be the

most representative for the visible characteristics of the grasslands.

6.5.3. The use of visual material for eliciting preferences

Rangeland condition studies undertaken in Pera have dealt with different aspects ot
grizing management (Florez, 2003; Florez er al, 1992; Wilcox, 1982). For this,
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different approaches have been spplicd but few studies are found in the human
perception of the grazing resources using visual material. Although the use of visual
representation in PRA has been proposed, the relishility, validity and applicability of
the method {(concems discussed in studics of the use of visual representation in other

areas} has not been investigated in these study areas.

The results of the study camied out in the SAIS Pachacutec (case study of Chapter 5)
auggest that the use of visual material nol only was suitable for working with rural
human groups but that 1t also discniminated preference entena among the population

that other methods such as verbal questionnaires were not able to do.

Swaftield and Fairweather (1996) stated that “one of the problems with using image
editing to display a range of possible options at the sub-regional level s that many
stakeholders would recognise and have specific interests in particular locations™
{page 217, Swafficld and Fairweather, 1996). In this study, there was explored the
use of vizual material for evaluating concepts related to the daily performance of the
stakeholder in the management of their environment, Likewise, the research included
the places that the participant was used to manage. So the ‘specific interesis’ were
algo present since their absence could result i different behaviour responses to the
real ones. However, the results suggest that at least one part of the population (factor
|} based their assessments in the information given by the visual material since they
did not relate the visual material with the existent condition of the some real zone
represented. 1f zo, one implication of this 15 that the study of the preferences of local
human groups cén be achieved by the use of photographic material. In combination
with @ methodology, the study of preferences suggest that the participants evaluated
mainly the visible components of the stimulus and did not necessary refer to previous
knowledge of the place, such as it was suggested by Swafficld and Fairweather
(1996).
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In addition, the results suggest that the assessments of such natural resource (e
grasslands) given by local human groups are not only based on the specific resource.
The results sugpest that the study of independent visual elements is not valid iC i is
not immersed in the landscape context. Cne implication for other types of visual
representations is that even if it would be possible to represent the complexity of the
mixture of species that take place in such ecosystems, the human expenence 15 much
more difficult to study if only one element of the landscape i shown, As Kaplan
{1983} argued “Humans, atter all, respond not only to the “things’, but also to ther
arrangement, and not merely to the arangement, but also to the inference of what
such arrangement makes possible™, In this case, the use of photographs appears o
provide the “context’ necessary for assessig the preferences of the local human

ETOupS,

Finally, it should be noted that although the findings of case studies presented in
Chapter 3, 4 and 5 give new msight about the reliability, walidity and
representativencss of visual matenal in a rangeland context, further research 15 still
neaded in this field regarding some questions related to the use of visual matenal by
advisers and farmers. For instance, how many photos are needed to represent a study
zone in a reliable and valid way? (Daniel ef af,, 1977; Palmer and Hoffman, 2001 ).
How does climate varability affect the perceptions of local land-users and so the
validity of visual representations across me? For instance, are the photo-based
assessments given by farmers and sdvisers stable during and after an event of El
Mifio in areas such as the Peruvian High Plateau? Furthermore, how uselul might be
the application of visual matesial for measuring farmers’ perceptions about climate
variability? How is the validity and reliability of visual samples by ditferent visual
sampling technigques?
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6.6. Conclusions

The goal of this thesis was to get further knowledge about the use of visual
representation in natural resource management, For this, o meview ol the
confributions ond the concerns that the current applications of these tools have
provided to the area of natural resource management were carmied oul. From this
review, some research topies were identibed of which further study was necessary in

order to benchit specially stakcholders in developing countries

Three main concerns across the literature were the subject of rescarch in this thesis:
the validity and reliability of the use of visual representation, ils representativencss
and its applicability in the preference rescarch of these tarpet human groups. The

conclusions of this mveshigation can be summanzed in the following lines:

- The study of the reliability of the assessments given by advisers showed that
the estimations of prassland conditions and stoking rates were highly reliable.
This was observed in the in-situ assessments as well as the photo-based
assessments. These rosults suggest that the use of photographs can be seen as

a reliable tool for such tasks.

- The analysis of the validity of the use of photographic material as surrogates
of real environments showed different results depending on the unit of
analysis. If was observed that lower comrelation coetficients prevailed among
both groups of assessments when the unit of analysis was based on the
individual photograph rather than the [0 photographs taken in each zone
under study.

- The use of photographic material showed to be a valid and reliable tool for
the ossessment of grassland condition; however, the use of only one
photograph for representing the zone under evaluation must be seen with

caution.
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Some visual tasks of the grozing monagement activities are more suitable
than others for the wse of photographic material as swrrogates of the real
environment, For instance, the estimation of stocking rate showed major
differences between photo-based and in-situ assessments comparaed with the
results of grassland condition, One reason could be the major assessment of
space and distance for such tasks. Other types of visual representations could

b wsed 10 these cases.

Types of visual representations with high level of abstraction cannot be valid

tools as surrogates in assland management.

The elficiency of the wchniques Tor viseal sampling in grassland areas
requires more attention for beng used in environmental studies since
different techniques may result in the recording of different visible-physical
components. However, the use of the mixed wechnique (technique 3) for
visual sampling showed a closest expected scenario of the grassland
characteristics within the paddock in comparison with the other two

techrigues under examination.

Local human groups showed ditfereni preference pattems for assessing the

grasslamd wreas for grazing management.

[t is concluded that the methods which make use of visual representations
such as photographs provide a rich source of interpretive data on farmers’
preferences. However, a number of methodological concemns are recognized

and have to be overcome before its use becomes more widespread practice,

Possible further work

The present dissertation has provided further knowledge about the application of

visual material in natural resource management. This was done with special

emphasis in its use by farmers and extension workers, These human groups represent
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key components of the decizsion making chain. In developing countnes, the welfare
of these proups can have the major benefits if such tools can be applied for the

improvement of communication and research in rural areas,

However, the context of the study limited the development of the thesis to just one of
the extensive areas that can be covered in natural resource management as well as o
just one of the types of visual material that can be used. The increasing developmaent
of techniques for visual representations cives o hupge number of possibilities for
further applications in natural resource management onentel o the work in rural
arcas as well as the communication between scientist groups and non-scicntists,
Some of these possible future research areas are summanzed o the following lines

taking into account the limitations that raral areas present,

6.7.1. Comparison of the environmental perception of the
researchers vs. the perception of farmers and advisers

The use of photographic matenal and Q-methodology showed to be a useful tool for
eliciting environmental perceptions. The results 1n chapter 5 suggest that responses
may differ when visual material or verbal questionnaires are used. Two human
aroups in the local population were shaped according to their criteria to assess the
scenes for grazing management, The subsequent use of the visual questionnaires
could let us know if scientists who work in the topic share similar perceptions or if
they see and assess the environment in a different way, 1 2o, it would be interesting

tor know the clues that guide such differences and examine its possible consequences.
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6.7.2. Comparisen among other types of visual representation

The use of photographic material has shown to be a valid method to assess grassland
condition. However, other types off visual representation might outperform the tool
used in the prezent research. A cost-henefit of the use of other technologies should be
achieved in order to make a better decision in the choice of the type of visual

mmialerial.

6.7.3. Decision support systems

Across the litersture, there s a continuous discussion about how feasible 15 the
adoption of decision making systems and the low degree of utilization by managers
such a3 adwvisers, farmers and growers i agnculturnl practice (Lecuwis, 1993,
MeCown, 2002, Woods e al, 1993), In Chapter 2, it was indicated that one of the
proposals for improving such degree of adoptien is the development of user-friendly
systems (g.g linked to visual representations). However, in developing countries, the
lack of a computer knowledge base among the rural people is one of the strongest
problems that the implementation of such technology faces, Furthermore, even if the
use of computers would inerease in the agriculiural community (Parker and Sinclair,
2001), the results of the present research sugpest that more than the only access to

compuier base is needed for achieving such goal,

A date-driven representation should to be examined in the light of the results
presented in this dissertation. A direct implementation of such interface may be
difficult to achieve due to the outpat type of several decision support systems in this
topic. Moreover, the validity of the contents could be difficult to examine due to the
visual complexity of the landscape. Nevertheless, the onentation of the development

of decigion support systems that not only take into account the physical
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charncteristics of the ecozystem bat also the perceptual characteristics of the final

user might give interesting results. Further research must be done in this aspect.

G6.7.4. Virtual laboratories

Virtual environments have been proposed as research tools for esvironmental
psvchology {de Ko @ al, 2003). In spite of the actual limitations Tor their
implementation and use by direct stakcholders, the possible benefits in the study of
environmental perception sugpest that the development of such tool could have an
interesting application in the study of visual clues under contmolled environments,
However, the necessary realism ot the representation according to the results of
chapter 3 should be considered as well as the perceptunl wvisible charnctenstics
discussed in this research. The results of this research suggest that the development
of such visual wols might consider the user-centre design approach (i.e. direct o
advisers or farmers) and the research ol visible elements that are taken account by
the stukeholders.

6.7.5. Support for advisers through the use of visual
representation

In spite of the fact that the development of visual material a5 support material for the
assessmenl of visual properties of the natural resources is frequently used, the results
of this dissertation suggest that more attention have to be given to the
representativeness of such visual material and the subsequent use by advisers. Two
muain lines of research can guide the course in this topic. Firstly, the characteristics of
the visual material and the validity of the contents that it intends to represent. As it
wias discussed, most visual material is based on one photograph according to the
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research criterion. However, the study of the representativeness of such scenes (e.g.

at o landscape level), 15 not a frequent practice.

Secondly, the performance of the use of such visual material by the users should be
examined. As the results in this disscrtation suggest, the visual assessments of
advisers depending on the task to realize, could vary in degree of efficiency; not only
due to the characteristics of the parlicipant bul alse due to the characteristics of the

applied visusl materal.
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