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Sensory perception and descriptions of morphological
characteristic of vegetative plant organs by the blind:
implementation in teaching
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.'-ABSTRACT KEYWORDS
.--_Although very.rare; the existing. research on the btologtcal educatiofi-of  Blind; vegetative plant

blind people mdlcates that teachmg content is: not fu[ly in hne wsth the. organs; perception;
idv morphology.

ri The research usés a descnptwe ana!ytlcal and comparatwe
method ‘The research ‘technigue is observation. The study included 100
blind. people from: Montenegre and Austria, with an average age of 25, Itis
necessary to ‘harmonise the sequence of general description th
description of each vegetative plant organ:in the:previous botanical educa-
tion -of ‘the: blind, as well as to implement new descnptzons of those
morphologlca[ characteristic “that. are percewed by the blind, which are.
absent in ‘thecurrent botanical education of the blind. The ‘propased
char nges woald contnbute 1o the improvement of the botanical educatlon
“of the bllnd

Introduction

According to the World Health Organisation recommendations, more joint efforts by all authorities
globally are needed to increase the accessibility of education, health services. and employment
tovisually impaired people (WHO 2013), When it comes to the field of education, one of the main
challenges in teaching biology to the blind is the organisation of teaching and adapting the teaching
content to the needs of blind students; in order to enable them to independently perform tasks and
learn through research activities (Brown 1995). Blind students rarely have the opportunity to
participate in conducting biological experiments or in field biology teaching (Fraser and
Maguvhe 2008). In this. paper; a proposal is made as to how to adapt the content of the
Morphology of Vegetative Plant Organs to the needs of the blind, based on their setisory perceptions
and the description of morphological characteristics of vegetatwe plant organs. Within the subject
Morphology of Vegetative Plant Organs, the students in primary and secondary schools in
Montenegro and Austria study the following units: Leaf morphology; Tree morphology and Root
morphology. Based on the sensory perception and the descriptions of plant morphological char-
acteristics of 100 participarts who participated in this study, it can be concluded that blind people
can register the main morphological characteristics of vegetative plant organs. The perceptioriand
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description of morphological -characteristics of vegetative plant organs by the blind differs from
their presentation and description in the literature; from which the participants mostly learn about
plants in. Austria and Montenegro. When teaching the content from the Morphology of Vegetative
Plant Organs, it isnecessary to-align it with the specifics of how the blind perceive and describe them
through their senses.

Literature review

Salisbury (2000) states that there is a discrepancy between the attitudes of blind. people, botanists
and teachers on how to adapt botanical content to blind people. Due to the dominantly visual
perception, description and explanation of the majority of the teaching content in biology, many
teachers believe that blind students cannot acquire quality knowledge in biology (Davis and Redden
Martha 1978; Supalo 2010}, This attitude of teachers is not justified, as many studies indicate that if
teaching content is adapted to blind students, they can achieve the same or a similar level of
knowledge in the field of science as students without visual impairment (Jones et al. 2006). Blind
and visually impaired students require specific teaching strategies and customised content for
scientific education, and these requitements shiould be met (Fraser and Maguvhe 2008). Most
teaching content in science is still not sufficiently well -adapted, either to blind students or to
students with other disabilities. _

Researchers, education authorities and higher education institutions around the world do very
little to-adapt their teaching content to blind people (Fraser and Maguvhe 2008). Investigations in
which the scientific education of the blind is' examined need to be intensified (Lewis and Bodner
2013; Sézbilir 2016; Wild and Allen 2009) in order to adapt the teaching process to the blind and
visually impaired students more effectively. _

For example, the research conducted by Fraser and Maguvhe (2008) suggests that biology should
take into account the needs of the visually impaired through the adaptation of teaching curricula;
the replacement of tasks based on visual perception with tasks of the same difficulty which do not
require sight; by providing additional time for students to respond to tasks; through the application
of technology and similar teaching tools in order to enable visually impaired students to gain
abetter knowledge of the topic and by adapting the way of presenting the coritent to the perception
of visually impaired people.

Blind students enjoy the sensory research of biological and scientific objects, so one of the main
duties of biology teaching is to enable this sensory research (Exwin et al. 2001; Maguvhe 2005). For
example, the researchers Malone: and De Lucchi {(1979), recommend that. blind and v;sually
impaired pupils be enabled to use their senses while discovering plant and animal species from
their surroundings whenever possible. Abruscato (1996) suggests that blind pupils under super-
vision could sensorially examine animals such as fish in aquariums. The results of the research by
Jones et al. (2006) suggest that visually impaired students achieve a much better understanding-of
cells if they are allowed to study sensorially through the application of heptic technology than they
do when learning the same content without sensory experience. In addition, when the teaching
content from biology is adapted to the sensory perceptions of the blind, they can successfully
perform biological experiments and acquire complex biological content; In the De Haaff (1977),
blind students who grew seedlings to bloom understood the process and concept of growth and
development better than those students who had been studying the same content without experi-
ment or sensory experience. Brown (1995) successfully adapted the techniques of electrophoresis to
the needs of blind and visually impaired students. The studenits who participatedin the research felt
that adapting the procedure for performing this experimient enabled tliem to perform it indepen-
dently, increasing their desire to learn.

According to Floyd (1973) the first attempt to ‘adapt botanical content to blind people was
carried out in a botanical garden in Pennsylvania, where blind. people were enabled to experience
the scent of flowers and the different texture of leaves. In this garden, as well as similar botanical
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gardens, the intention was to adapt certain parts of the garden to the blind and the visually
impaired, so they could get to know plants in a more efficient way. A large number of botanical
gardens installed information boards with the nanves and descriptions of plants.in Braille. However,
according to the Carroll and Bentzeri (1999), a great number of blind and visually impaired people
are not satisfied with this method of adapting botanical gardens. The blind found the descriptions
boring, which is why it was suggested that the blind to be allowed to experience plants indepen-
dently through touch, smell and hearing. Blind people should be ‘encouraged to discover their
envirenment independently, including plants (Salisbury-2000). According to Erwin et al. (2001),
Maguvhe (2005) and Pauw et al. (1990) it is assumed that blind people are able to differentiate
between different plants and different plant organs based on the shape of the plant organs or the
smell of the individual plants.

Methodology

This section of the paper presents the problem and the context of this study, explains the research
design and the aim of the research, provides a description of the participarits, as well as the process
of data collection, most notably describing the coding process in detail. In this research, the author
applied a qualitative methodology, based on grounded theory (Strauss and Corbin 1990). This.
research approach is applied when there has been no research done in a particular field, or the
available research is scarce (McCann and Clark 2003).

The research subject

Based on the analysis of the existing scientific research from the following databases: the Institute of
Scientific Information (ISI), the Web of Science (Wo$), Scopus, EBSCOhost and the Academia
‘Social Science {ASOS) Index, it can be concluded that research in which sensory perceptions and
descriptions of bi'olb'gi_Cal content by the blind feature is scarce. No studies have been found that
examine the sequence of sensoty perception of morphological characteristics and the description of
vegetative plant organs by the blind. The key words under which the search was perforined were:
‘botany’ and ‘blind’; ‘vegetative plant organs’ and ‘blind’; “Plant’ and ‘blind’; ‘Botany’ and ‘visually
impaired’; ‘Plant’ and ‘visually impaired’; ‘vegetative plant organs’ and *visually impaired. '

In order to improve the botanical knowledge of the blind, teaching content has to be-adapted to
them. The content should be created based on their previous knowledge and their sensory percep-
tion of plants. The sequence of morphological characteristics, as well as the descriptions of the plant
organs derived from the sensory perception of the blind, should be included in their botanical
education. In this research, the following questions should be answered:

- Are descriptions of the morphological characteristics of vegetative plant organs in the relevant
textbooks in Montenegro and Austria sequernced in 2 way that is similar to the way in which
the participants perceive and sequence these plants by sensory research?

 What is the sequence of descriptions and which desctiptions of vegetative plant organs should
be implemented in the botanical education of the blind, in order to make the content mote
familiar to them?

Aim and objectives of the research

The aim of this research is to align the sequence of descriptions and the descriptions of vegetative
plant organs used in the botanical education of the blind, with the sequence of the sensory
perception of the motphological characteristics-and the description of vegetative plant organs-as
understood by the blind. This would contribute to the better botanical education of the blind,
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because the teaching of vegetative plant organs would be taught in accordance with their sensory
perceptions of plants.

The research objectives are as follows

¢ The analysis of the morphological characteristics of vegetative: plant organs, which the-
participants can register tlirough their sensory perception; |

e The analysis and determination of the differences in the sequencing of perception of the
‘morphological characteristics of vegetative plant organs and the qualitative analysis of
their descriptions based on the sensory perception of the participants, with the sequericing
and presentation of morphological characteristics and. descriptions in the textbooks from.
which they had been taught. The study participants stated that they used the following
school biological books when learning about plant content (SBB): Gereben-Krenn et al.
(2016), Koch and Cattoen {(2017); Kugler (2004); Petricevi¢, Karaman, and Todorovié
{2009); and Petrovi¢, Ojdanié, and Malidzan (2015). In all of these textbooks; the subject.
topics of the Morphology of Plants curriculum have the same content, which includes:
Leaf morphology, Tree morphology and Root morphology. These textbooks are also-used
by students without visual impairment, which leads to the conclusion that the content
provided in Plant Morphology is most often sequenced in the order in which they can be
perceived by the sense of sight. Most often, the first explanations are about the colour, size
and shape of the vegetative plant organ. For example, when describing a stem in all the
SBBs, the first morphological marker is the colour. The analysis and determination of the
difference .in. the sequencing of the morphological characteristics of vegetative plant
organs registered and described by the nen-vizual participants in this research and
presented through this content in SBB is important, since content selection, as well as
the sequencing of teaching that content; significantly affects students’ knowledge and
understanding when learning biological content (Banet and Ayuso 2003). It i very
important for non-visual students to learn in a constructivist way, and. to' construct this
knowledge based on their own capabilities (Ramsey. 1993; Hanuscin and Lee 2008). It is
important to empliasise that the aim of this study is not an analysis of the quality of
textbooks of biology from which they learned, but only a comparison of the sequence and
description of morphological characteristics of vegetative plant organs from those text-
books with the sequence of the perception and description of the same characteristics by
the blind;

» Determining the sequence of the sensory perception of morphological charactetistics and the
description of vegetative plant organs by the participants, which should then be implemented
in the teaching biology to the blind.

Research methods, techniques and instruments:

The descriptive-analytical and comparative methods were applied in this paper. The descriptive
method was used to determine the sequence of descriptions of the morphological characteristics of
each vegetative plant organ by the participants, as well as their general descriptions. The-analytical
method carried out a qualitative analysis of the description of the morphological characteristics of
the vegetative plant organs which. were generated by the participants. on the basis of sensory
perception. Comparative analysis has established their compliance in the presentation of morpho-
logical characteristics and their descriptions in the analysed SBB with the sequence of perception of
morphological characteristics-and the description provided by the participants obtained through
this study. The research technique is one of systematic observation, and the research instruments
are: Sony ICDPX370 Recording Devices — used as recording equipment, a record list, and field
notes.
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Research design

The research was conducted from January 2017 to May- 2018 through the following seven phases:

(1)

2)

(3)

)
(5)

(6)

7)

Testing participant knowledge of Plant Morphology: A pre-interview was used to determine
the-participants’ previous knowledge of Plant Morphology, and how they had learned the
material, Each participant was asked the following questions: Describe the fypical root-tree-
leaf of a plant; Tell us everything you know. about root ~ tree - leaf morphology; and Describe
the ways you have previously learned about plants. The participants™responses were recorded
by the researcher. When checking the previous knowledge of Plant Morphology, the
procedure used in previous studies with pupils with visual impairment and the processing
of the contents of the cell structure was used (Jones et al. 2006).

Selection -of the plant species: This involved the selection of the species of plants whose
morphological characteristics the participants should deseribe. The selected plant species are
found in the environment of the participants in Austria.and Montenegro‘, The 100 plant
species selected belonged to the following groups of plants: Bryophyta, Pteridophyta,
Gymnosperms and Angiosperms. The following groups of plants were represented: trees
(33 -species), shrubs (33 species) and herbs (34 species).

Morphological descriptioris of the participants: The participants described the morphological
characteristics of the vegetative plant organs i their environment based on the sensations of
touich, odour and hearing. City parks and promenades were selected as sites for this process.
The descriptions were recorded on the recorder. This research phase was the longest - total
of nine months. During this time, it was ensured that the vegetative plant organs were
described by the participants of the research; exactly in the corresponding seasonal period
(in terms of their floristic aspect) to which the plant belongs (e.g. Galantus nivalis was
described in early spring, because it beleng_s to the spring aspect of flora, while Salvia
officinalis was described in May). '

Analysis of the morphological descriptions of the participants: The atialysis was carried out by
‘coding, elimination and categorisation, and sequencing using the question-answer principle.

Verification of the validity and reliability of the description: The degree of agreement in the

coding and the sorting of codes into subcategories, categories and themes between the

members of the research team; graduates and experts in qualitative research; teachers and
expeits on the one hand and participants in the reséarch team on the other.

Comparative analysis: In this stage, a comparative analysis between the sequence of the
perception of morphological characteristics and their descriptions — which were formed by
the participants, with the sequence of representation and description of the same organs,
analysed in the SBB, was performed., ' '

Proposal for the implementation of morphological descriptions: Changes were proposed to the

sequence of the representing of the morphological characteristics and descriptions .of
vegetafive plant organs, which could then be applied in the botanical education of the blind.

Sample

The study involved 100 blind participants from Montenegro and Austria, who had an average age of
25 (SD =11}); their ages ranged from 7 fo 45 years old. The participants in the study were blind people
with visual acuity of less than 3/60 and a narrowing of the 10° vision field in their better eye (WHO,

2012).

None of the participants in the research had any other disability. Snowball sampling was

applied in the study. Researchers contacted the National Associations of the Blind in Montenegro and
Austria, which recommended them to their members and schools where the v1sua]ly impaired were
educated (from where the members were recruited). Participation in the research was. voluntary, All
participants, institution managers and administrative staff, as well as the parents of underage
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participants, were familiar with the procediire and purpose of the research, prior to its implementa-

tion. All research participants were guaranteed confidentiality and anenyiity. Prior to each recorded
description, all participants were asked for consent, emphasising the guarantee of confidentiality-and
anonymity. This approach to reséarch ethics was formed on the basis of the recommendatioris made
in relevant research methodologies {Cohén, Manion, and Morrison 2008).

Data collection and treatment

The descriptions of the vegetative plant ofgans by the participants were obtained in the field. Each
participant in the research was sensorially explormg (touching, smelling, listéning to} the plant
organs in the natural habitat of the plant. They were provided with the underground organs (roots,
tubers, bulbs and so on) by the researchers; as well as with branches with leaves of the. high woody
plants. When selecting the plants, it was taken into consideration that the plant was not covered
with dust and dirt, nor by moss or lichens, which could possibly inhibit the sensory perception of
‘the plant organis. Underground organs were collected by researchers and cléared of soil-and dirt. In
the selection of plants, species with a wide (mainly cosmopolitan) distribution and individuals from
very numerous populations were selected, so that the collecting plants for this research did not in
any way endanger the plant populations. All 100 plant species {33 woody, 33 shrubs and 34
herbaceous) were examined using the senses and described by all participants. In the selection of
plants, species with'a wide {mainly cosmopolitan) distribution and individuals from very numerous
populations were selected, so that the collection of plants for this research did not endanger the
subsistence of the populations.

The sensory study of the'plant species was not limited in time. When describing the plants, an
individual form of work was applied, that is; the participant whose description was recorded was
asked to distance himself/herself from other participants in the field so that they could not hear
other descriptions of the plant organs. The aim of such individual work was to prevent the
interaction of the description with the parficipants in the research. During the describing procéss
the participants did not ask questions, in order to ensure the authenticity of the description and
avoid bias in its creation, ensuring that we obtained unprompted. descriptions.

Based on the interviews with the participants, those plant species which were most familiar to them’
were noted. They first described the morphological characteristics of the organs of these plants, and
then gradually switched to the description of plant species which were less familiar, At the same time;
it was taken into account that they first described large plant vegetative organs. Having-explored the.
vegetative plant organs, each participant in the research described the plant on the basis of their own
sensory perception. The descriptions were recorded on the recorder. During the sensory investigation
of the plant by the participants the researcher recorded in their field notes the non-verbal movements
anid behaviour of the participants in the research. These data in combination with'the data obtained in
the description increased the reliability of the obtained tesults {Talmy 2010). The field notes were used
as additional information during ‘the analysis of the description of the morphological vegetative
characteristics of the plants.

Data analysis

Pre-interview data and descriptions of morphological markers of vegetative plant organs were
processed in the same way. All the descriptions of the vegetative plant organs by the participants
were transcribed. The researchers read and re-read the text several times before coding, in order to
gain a verifiable insight into the obtained data. The coding method uses a grounded theory
approach (Glaser and Strauss 1967; Strauss and Corbin 1990) and is similar to the coding method
used in other studies in teaching biology to visually impaired students (Fraser and Maguvhe 2008)
as well as to students with no visual impairment (Pugh, Koskey, and Linnenbrink-Garcia 2013),
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Open coding was used. Specific codes were constructed from the transcribed material. The code
namies are detived from the descriptions of the participants. On the basis of the applied coding,
general deseriptions of the plant organs were obtained based on the sensory experience of the
participants. The data coding was done manually. The frequency of certain codes in the narrative of
the respondents was one of the main characteristics of acceptance, or rejection. Cede freqiency was
calculated and '.expressec[i as the frequency ‘of occurrence of a specific description-code in the
descriptions of the study participants. The maximum frequency of the codes was 100, which
corresponds to the number of participants (being one participant for each description code).
After the coding process, codes were sorted into subcategories, categories and themes. The
designation .of subcategories, categories and themes was carried out by researchers, but on the
basis of transcripts or descriptions by the research participants in which they were clearly expressed.
For example, Ana (19 years old), Pddg_o‘ri_ca, Montenegro described the bark of the pine (Pinus sp.)
as follows: '

I feel deep cracks, which extend in all directions, irregularly distributéd, on the bark of this tree,
leaving behind a very rugged sensation.

“The same participant described the bark of the linden (Tilia sp.) as:

Deep cracks that are oriented vertically from the root to the canopy, giving the impression that the
bark is correctly cracked vertically. _

From the narrative of this respondent, the codes describing the tree of these plants were extracted,
namely: deep cracks, irregular cracks and vertical cracks. From these codes, we formed the category of
Bark cracks, which clearly stands out from the narratives of the respondents, It was then further
categorised into the-category of Tree, also extracted from the narratives of the respondents.

The constant comparative method (Strauss and Corbin 1990} obtained 'by the joint identification
of the morphological characteristics of the plant by the participants in. the research was used to
create and design those subcategories, categories and themes. The reliability of the obtained data
was ensured through the encoding and-aliocating of codes intosubcategories, categories and themes
by each member of the research team,; the checking of the distriburted codes by experienced teachers
and experts in' qualitative research. This way of verifying the validity and reliability of qualitative
data is recommended by Krippendorff (2013) and Miles and Huberman (1994). The reliability of
the coding process was verified by the degree of agreement in the use of the basic codes. The codes
obtained in the encoding process wete given to biology teachers with ten or miore years experience
in teaching; and also to the experts in qualitative research with research experience of more 10 years.
Using the'formula of Miles.and Huberman (1994) the reliability of the.obtained data was calculated.

In order to determine the degree of agreement, i.¢. to determine the sequencing in the descrip-
tion of the morphological markers of the participants in the research, question-answer sequencing
was used. Question-response patterns provide special .insight and provide opportunities for the
formation of patterns that students respond to based on an analysis of their responses (Dijkstra and
Ongena. 2006). Question-response sequencing is baséd on directly comparable and similar
responses from interviewees (Schaeffer and Maynard 1996; Sykes and Collins 1992). According to
some résearchers, interviewees can provide answers by applying rules. fromr other fields of action,
other interviews or formal conversations, and based.on these data; the sequences in respondents’
answers can be predicted to some degree (Schaeffer 2002; Suchman and Jordan 1990). However,
given that this research hds a pioneering character, and that the respondents had not previously
part1c1pated in similar research, the sequénces in the responses could not havé been a prediction but
were rather. generated from the responses given by the interview participants. Based on this
question-and-answer approach, sequencing in this study is expressed through the percentage of
particular utterances used by the study participants to describe the morphological markers of
vegetative plant organs. For exaniple, participants usually began describing the leaf with: ‘the leaf
is'very rough, the leaf is-quite rough, the leaf is smooth’; and all these particular utterances are
classified in the sequence of the smoothness of the leaf surface..
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Results and discussion

An analysis of the content from the pre-interview showed that the students had very little knowl-
edge of Plant Morphology. The following scientifically correct codes were used by students: round
leaf, heart leaf, spearleaf, soft tree; solid tree; a branch tree. Otlier codes had a frequency of less than
50 (out of 100) or were scientifically inaccurate. The research participants stated that they had
previously learned about plant merphology and anatomy most often from textbooks, stories told by
their family members, friends and the media, and very rarely through sensory plant research.

The correspondence in the coding of the. data obtained through field work and the ordination of
the codes in the subcategories and categories between the members of the research team was 97%;
between the teachers and experts in qualitative research, the value was 94%; -and between the
teachers-and-experts in qualitative research, on the one hand and part1c1pants in the research team,
‘on the other, it was 92%. Due to these facts, the obtained data could be considéréd reliable. The data
are classified into 86 codes, 28 subcategories and 12 categories within the 3 themes: underground
plant parts, the stem, and the leaf. In order to give a better overview, the results are presented
separately for each theme.

The descriptions of the underground plant parts generated by the participants are classified into
14 codes, 8 subcategories-and 7 categories. (Table 1). The highest frequency in both codes is dense
(f =91, f = 81} from the category fibrous root, subcategory density, and the category taproot,
subcategory branching, respectively. The lowest frequency were shiown by thié code thin and slender
{f = 61) from the.category taproot, subcategory firmness and thickness,

The descriptions of the stem generated by the participants are classified into 28 codes, 10
stibcategories and 3 categories (Table 2). The highest frequency was found for the codes: rough
surface of the stem (f = 94) within the category free, and distincr nodes (f = 94), within the category
herb. The lowest frequency was shown for the codes smooth (f= 61, f = 62) related to the surface of
the stem, both tree and herb, respectively.

The descriptions of the leaf generated by the participants are classified into 44 -codes, 10
subcategories and 2 categories (Table 3). The highest frequency was shown for the codes: Jlattened
leaf (f ='94) and cylindrical leaf (f = 92), within the category acicular leaf, and roughleaf (f=91) and
hairy leaf petiole (f = 91) within the category foliate leaf. The lowest frequencies were seen for the
codes: flattened leaf petiole {f = 65), and arcuate leaf venation (f= 64).

The interviews conducted with the participants; before and duzing the research, indicated that.
they learnt about the plants in the same way and from the same textbook as those students without
any visual impairment. By comparing the content of the textbook for visually impaired students

(SBB), it ‘was observed that it has identical content to. the one for the students without visual
impairments, It differed only in its format, in that it was either printed in Braille or was in an audic

Table 1. The cades, subcategories and-categories within the theme underground plant parts..

Frequency
Theme Category Subcategory Code {out.of 100}
Underground Taproat Branching Dense 81
parts Low sparse 77
Non-branched 67
Firmniess and thickness. Thick and firm 70
_ Thin and slender’ 61
Fibrouss root  Density Dense 91
Sparse 7]
Tuberous Number and shape Cluster of thickengd.roots 69
root
Cauline root  Firmness. Firm, short- like small claws 67
Rhizome Thickness, length Equally thickened 68
Tubgrous 70
Tuber Shape Wide and flattened at the ends. 62
Bulb Shape Elongated 73

Rounded b4




JOURNAL OF BIOLOGICAL EDUCATION e 9

Table 2. The, codes, subcategorias and caterogies within the theme the:stem,

Frequency

Theme Category Subcategory Code (out of 100)
Stem Tree Fissures in the bark: Deep 78
Shallow 83
Longitudinal. 79
“Transversal .88
o Trreqular 82
Surface of the bark Smaooth 61
Rough 94
Peeling Falling off in’ pieces 91
In thin papery sheets 93
-Absent. _ 87
Shrub Therns/spines Sharp pointed branches {thorny) 69
Branch with thotns 84
Leaves spiny 87
Branching Dense 72
Sparse 69
Herl Surface Smooth 62
Rough 73
Hairy: 71
‘Sticky 79
Shape Rounded 88
Anguiar 84
Hoflowy/solid Hollow 89.
o Solid 91
Nodes Distinct 94
Not distinct 78
Growth form ‘Upstanding 94
Crawling 82
Runnars 79.

format (DAISY - the format of an audio books for the visually impaired). This fact leads to the
conclusion that the specificities of the way that visually impaired students perceive and describe the
morphological characters of the plant organs through touch, smell and hearing are not taken into
account. The participants thus learnt about the morphology of the plant parts in a rather unsuitable
way, without consideration of their previous knowledge of the plants, their perception or the way"
that descriptions wete either provided or made. This probably affected the quality of their knowl-
edge of the plants. This assumption is in correlation with the results of numerous. studies which
showed that the low level of students’ knowledge is most likely due to the fact that the teaching
content was not adapted to the students, or that there was no upgrade to the students’ previous
knowledge and experience (Muis and Duffy 2013; Tondeur, Valcke, and van Braak 2008; Zuritaand
Nussbaum 2004).

By observing the participants during their sensoty perception of the plants, it was noticed that
the majority of them were surprised by the diversity of the forms of the plant organs and the fact
they could both perceive it and describe it. This leads to the assumption that before this study, the
participants had not in fact had any sensory contact with the plants they were studying. The
assumption was confirmed in the pre-interview, It was stressed that the teaching methods applied
in the classroom were excluswely verbal-textual, thus the students did not have the opportunity to
explore the plants through their senses. This circumstance could have -affected the lack of self-
confidence in the participants and the attitude that they cannot perceive the plants from their
surroundings because they are visually impaired. This is also reflected in the quality of their
knowledge about the plants,

The above assumptions are supported by numerots studies: these include Civelek et al. (2014),
Falvey (2005), Karal and Reisoglu (2009), Jones et al. (2014), Melber and Brown (2008), Millet et al,
(2013), Rule et al. (2010) and Santos and Carvalho (2013). According to the cited studies, visually
impaired students do. not have self-confidence and belief that they can acquire knowledge in the
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Table 3, The codes, subcategories and: caterogies within the theme of the.leaf,

Frequency

Theme Category Subcategory Code {out of 100).

Leaf Needle-like Shapé. -Flattened: 94
Cylindrical 92

Multi-angular P

‘Pasition Single 89
In pairs 84

In groups‘of 5 79

Scent Resin 67
Foliate Surface Rouigh 9
Like'a plush 87

Hairy- 85

Smooth 82

Venaticn Pinnate 89
Palmate- 79

Reticulate 77
Bean-like 64

Leaf margin Finely toothed 9
Roughly toothed 79

With-fine and sough teeth 81

Entire 90

Shape of the leaf blade Lobed 76
Rounded 82

Egg shaped 84

Kidney-shaped 62

Lanceolate 83

Eliptical 80

Spear like 81

Heart-shaped 84

_ Triangular a2

Compound leaves With three leaflets 85
Palm like 89

Qdd pinnate 74

Even pinnate 6%

Position Alternate 71
Opposite 83

Whorled 69

_ Basal rosette 80

Leaf petiole surface -Rough 89
' Smooth 88

Hairy 9

Leaf petiole shape Cylindrical 84
' Anguilar 88
Furrowed 69

Flattened: 65

Leaves sessile 87

field of science, because they do not have any previous sensory experience of the topics they learn
about and are thus fully directed by adults. In addition, when the teaching content and the
guidelines are not harmonised with the sensory perception and visualisation of the blind, the
blind students will have dificulties in understanding. the concepts and creating a correlation
between their previous knowledge and expetience, and the new knowledgf: they are being intro-
duced to, If a visually impaired person learns by implementing the previous sensory experiences-or
uses descriptions that can be perceived directly by touch, sméll and hearing, they will acquire better
knowledge and better understand the learned concepts, when compared to the traditional —
insctructivist method. The application of a constructivist form of learning based on sensory and
‘mostly heptic perception helps the blind students to creaté mental imagés and models and to reduce
the extent to which the misunderstand or do not take in-the content they are learning about.

The results of this study suggestes that blind ‘people can perceive the basic morphological
characteristics of plant parts by using touch, smell and hearing. The analysis of the perceived
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characteristics and the generated descriptions of the vegetative plant parts showed that there are no
significant differences in the perception and description of the morphological characters of the
vegetative plant parts between the blind. However, when comparing the first sensory perception and
the description of the motphological characters between different plant parts, a significant differ-
ence appears. For example, the first reported characteristic of the stem and the foliate leaves is'the
roughness of the surface, in the aciculate leaves it is'the leaf shape, and in the root, it is branching.
Thus, each plant organ has a specific sequencing of the morphological characters. The analysis of
the scientific exactness of the description of the vegetative plant parts generated by the blind,
showed that the descriptions are absolutely botanically correct when the size of the plant parts is
larger than the lower practical limit-of the tactile sense of the blind.

The description of the underground plant parts generated by the participants

The first char'acteristi'c that the participants perceived and described after tactile contact with the
root was.branching, this, sequencing was common to 95% of the study participants. In the analysed
SBB, the description of the root begins with the root shapes. Thus, the morphological desctiptions
of the roots given in the the textbooks do not correspond to the first sensory experience of the
participants.

The- participants classified the roots into: 3 categories: densely branched roots {e.g. Hypericuin
pe{faramm) sparsely branched roots (e.g. Capsella’ bursa-pastoris) and non-branched root (e.g.
Daucus carota). They were able to-correctly perceive and describe all the different types of the root.

The next perceived features were thickness and firmness, and then the length, thus in accordance
with them, the root was classified as a taproot, fibrous root, tuberous root and cauline root, this
sequencing was common to 91% of the study participants. Within the category taproot, following
codes were described: firm-and thick (e.g. Malva sylvestris) and thin and slender (e.g. Geranium
lucidum). In the description of the fibrous root, they used the expression the thread, and classified
and defined this root type using the codes: dense (e.g. Ceterach officinarunt) and sparse (e.g. Allium
ursirium). Interestingly, in the majority of cases the description of the wild onion fibrous: root
(Alium. ursinum) ‘contained the epithet juicy. The tuberous root of the Lesser Celandine
(Ranunculus: ficaria) was described with the epithet: numerous, soft, juicy, rounded thickened
tubers, while the roct code of the Common Ivy (Hedera helix) were described as-short and firm
‘claws’ to which the plant is attached to the substrate. In the analysed SBB, thickness and firmness
were not included in the root description.

In all the analysed SBB, from the same beginning the roots are classified into two main types: the
taproot or the fibrous root, and then described in detail. By contrast to this, the participants first
perceived the braching, and then the firmness and thickness, and according to those criteria identify
the root as a taproot, fibrous root, tuberous root or cauline root. Comparative ‘analysis of the
description given in the SBB and the generic description of the participants did not show significant
difterénces.

Based on tactile perception, the participants classified rhizomes dccording to' their thickness:
equally thickened (e.g. Polypodium vulgare) and unequally thickened, tuberosus (e. g. Helianthus
tuberosus). While describing the tuber of the cyclamien (e.g. Cyclamen hederifolitim), the participants
fitstly perceived the shape-and defined itas a wide and flatteried ball. Furthermore, the perception-and
description of the bulbs were also based on the shape: elongated (e.g. Allium ursinum) and rounded
(e.g. Galanthus nivalis). As-was expected, the bulb of the wild onion (Allium wrsinum) caused also
smell perception. Comparative analysis of the descriptions of the rhizomes, tubers and bulbs given in
the SBB and the generic description of the participants showed significant differences. The participants
describe and distinguish these underground parts based on the shape, while in the SBB-differences are
based on the structure-and the position of the buds.
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The description of the stem generated by the participants

The majority of stem characteristics were perceived through tactile sensation, with the exception of
aromatic plants (e.g. Allium ursinum, Thymus sp.}, that cause scent perception. The-scent of wild
onions was described as a milder smell to that of the Garden Onion, and the Thyme scent was
considered very strong when in close proximity, and pleasant when it moves away.

The first tactile perceptions of the stem were thickness and firmness, and this sequencing was
common to 97% of the study participants. Based on this feature the plants were classified as herbs
and woody plants. In the SBB, the classification of the stems is also based on their life form, but as
the main feature of the herbal stems, the colour green is stressed. This characteristic is inessential,
since it cannot be perceived by the participants. The colour of vegetative plant organs should be
presented to blind students because even if they cannot register it, they can create a mental image of
the object being: desctibed based on the given description (Hayhoe 2008). However, the colour
should not be one of the first sequences when presenting and describing a plant, because the blind
cannot register it.

Within the woody plants, the participants perceived two growth fornis: trees or shrubs. Their
descriptions and classifications were in accordance with the SBB. However, within the shrub
category, two subcategories were distinguished: branching (codes: dense, e.g. Juniperus communis;
and sparse, e.g. Corylus avelt‘am) and the position of the thorns and spines (codes: branches ends
with thorns, e.g. Punica granatum; branches with thorns, e.g. Rosa caning, and leaves spiny, e.g Ilex
aquifolium). These morphological characteristics of shrubs are not included in the SBB.

In the tree species, the following characteristics were perceived: (i) fissures in the bark, (i) the
surface of the bark and (iii) peeling, this sequencing was common to 95% of the study participants.
Almost all the participants defined the fissures in the bark with their fingertips, in the following way:
the bark is narrowly fissured if the ﬁnget tip can easily cover it; the bark is widely fissured if the whole
fingertip can fit into it; the bark is wide and deep. if the whole fingertip and nail can fit in. The
orientation of the fissures was defined as: longitudinal, transversal and irregular. In the majority of
cases, the bark surface was defined as rough; with exception of the smooth bark on the young stem
and branches of the Common Birch (Betula pendula). Considering peeling, 3 versions are described:
falling off in pieces {e. g. Platanus orientalis), falling off in thin papery sheets (e.g. Betula pendula) and
does not peel (e.g. Fagus sylvatica). In all the analysed SBB these features are mentioned, while the
bark colour is stressed as the most significant element.

The first characteristic of the herbal stem perceived by the participants is the surface: smooth (e.g.
Cardamine bulbifera), rough (e.g. Galium aparine), hairy (e.g: Daucus carota), or sticky (e: g. Viscaria
viscosa), this sequencing was common to'91% of the study participants. In the-analysed SBB, the stem
surface is not taken into consideration. The second characteristic in the hierbal stem déscription is the
shape: rounded (e.g: Taraxacum officinale); and angular (e.g. Lamium maculatum), this sequencing
‘was common to 92% of the study participants. In the analysed SBB, this feature is also not taken into
consideration, and neither is the presence of the wide central cavity in the stem (e g. Taraxdacum
officinale); the presence of the nodes (e.g. Hordeum murinum), or the growth form: upstanding {e.g.
Achillea millefolium), crawling (e.g. Tnfohum repens) or runiers (e.g. Fragaria vesca).

The description of the leaf generated by the participants

The first perception of the patticipants ‘and the description of the acicular and foliate leaves is
extremely varied. In the foliate leaves, the roughness of the surface is the first perceived character-
istic this sequencing was common to 100% of the study participants, while in the acicular leaf it is
the shape: cylindrical (e. g Pinus sylvestris), flattened (e.g. Taxus baccata), or multi-angular (e.g.
Picea abies), and the number of needles: two needles (e. g. Pinus. sylvestris), five needles (e. g. Pinus
peuice), or a single needle (e.g. Abies alba), 94% of the respondents sequéenced in this way. When
describing the needles in the Spruce (Picea abies), Fir (Abies alba) and the White Pine (Pinus
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sylvestris), the participants pointed out the scent of the fesin. The description and classification.
given in the SBB corresponds to that given by the participants. _

In the foliate leaves, the participants described the leaf surface using four codes: rough (e.g.
Corylus avellana), mealy- plushy {e.g. Platanius orientalis), hairy (e.g. Bellis perennis) and smooth (e.g.
Ranunculus ficaria). In all the analysed SBB, the leaf surface is not taken into consideration.
Interestingly, the majority.of the patticipants managed to recognise squamate leaves, sori and the
spores on the lower leaf-side of the Golden Fern (Ceterach officinarum). The individuals were in the
phase of the maturity of sori, thus when the leaves are rubbed, the spores and sporangias stays on
the fingertips, and create a feeling of fine grains: It is important to point out that the lower limit of
the tactile sensitivity of blind people is 0:96 mm (Alary et al. 2009), thus they are not able to register
individual spores, but, ‘they can register a group of spores or sporangia.

After the perception of the leaf surface, the participants percieve a leaf venation: reticulate
meshed (e.g. Lamium maculatum), pinnate (e.g. Carpinits betulus), and arcuate (e.g. Cornus mias),
this method of sequencing is common to 89%of participants. Although a plant with dichotomous
venations was given to the participants {Ginko biloba), they were not able to correctly define this
type. The reason why they perceive it-as a parallel is its dense branching and a small distance
between the lateral veins, as well as its inconspicutous venation. In the SBB the type of venation is
mostly presented after the leaf shape, wheteds the participants first describes the venation, then the
leaf margin and finally the leaf shape.

In defining the type of leaf margin, the participants used to cross.along it with their fingertip, in
both directions from the leaf base towards the tip and vice versa. The following codes were
described: roughly toothed (e.g. Rosa canina), finely toothed (e.g. Salix alba), irregular toothed
(e.g. Corylus avellana), and entire leaf margin (e.g. Olea europaea). The types of the leaf margin
analysed in the SBB are given after the leaf shape and defined as: the leaf margin is entire or leaf
margin toothed, but without any specification of the type.of teeth.

In further sensory perception the participants registered and described the leaf shape, this type of
sequencing is common to 90% of participants. They managed to recognise and describe all the types
presented in the analysed SBB: rounded, egg-shaped, kidney- form, lanceolate, elliptical; spear like,
heart-shaped and triangular.

Comparative analysis of the generic description generated by the participants and those given in
the SBB did not show significant differences. Nevertheless, the sequence of the presentation of the
characteristics is rather different. In the SBB, the leaf shape is presented as the crucial morphological
characteristic, while according to the perception ‘of the participants, this feature is the last to be
considered, after the perception of the leaf surface, the venation and the leaf margins. After defining’
these characteristics, the participants will also peiceive the division of the blade. The descriptionis of
the single and compound leaves generated by the participants and the ones given in the SBB are
rather similar. Thé participants also perceived the arrangement of the leaves on the stem, but this
characteristic is not analysed in the SBB,

The decription of the leaf blade is followed by the perception of theleaf petiole, its sirface and
overall shape, 86% of respondents used this sequencing. The leaf petiole surface is defined by the
codes: rough (e.g. Rosa canica), hairy (Bellis perenis) and smooth (e.g. Geraniuin lucidur), vwhile the
leaf petiole shape featured the codes: cylindrical (e.g. Betula pendula), angular (e.g. Allium ursinumy),
and furrowed (e.g. Arum maculatum). In the majority of woody species the participants could easily
perceive the broadened leaf base, and the leaf sheat in the grasses. In ‘all the analysed SBB,
a description of the leaf petiolé is not giverr.

Interestingly, several participants (13%) also. used their hearing perception in creating the leaf
description (e.g. in contact with the palm and the branch of an Orlental Plain [Platanus orientalis)
the leaves produced a cracking sound like thick paper).
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Recommendations for practice

In order to achieve one of the basic ebjectives of sequencing teaching and teaching content, it is
important to align and closely link the sharing of teaching content (in teaching) with the prior
knowledge and -experience of the visually impaired students. In this wy; visually impaired people
construct better and achieve higher quality knowledge (Méheut and Psillos 2004). This implies that
the sequencing of teaching content should be based on individual prior SeRisory experience, so that
the participants learn through research activities with a miass appreciation of their physical
(sensory), cognitive, mental and other capabilities (Swanson and Hoskyn 1998; Swanson 2001).
Bearing this in mind and based on the tesults obtained in this research and the data obtained in
other similar research; the following recommendations are made fot sequencing classes in the field
of Plant Morphology for the Blind. |

Comparative analysis of the ordination and descrption of the miorphological features of the
vegetative plant parts generated by the participants and the ones given in the SBB resulted in
significant differences. It indicates that the teaching process is not based on a constructivist approach,
while the learning process for blind students s riot in complete complignce with their methods for
the ordination and description of the morphological features of the vegetative plant parts, It is
assumied that the changes proposed in this research, ih both the ordination and the description of the
morphological features of vegetative plant parts, would' contribute to the greatér application of
a constructivist approach to the teaching of blind students. By implementing these changes into
the current method of teaching the vegetative plant parts, the blind students would start the learning
process with the sensory perception of the most significant and easily petceived characters, while
gradually-and in accordance with their own sensory perceptions and descriptions, they will be able to
learn about the more complex morphological characteristics. With this approach, the new teaching
content in the plant morphology would be learnt gradually, step by step, in the manner; that each
new element is logically connected. to the previous ones, so that it upgrades the existing knowledge
and leads to new congintion. It is expected that the implementation of the suggested method of the
ordination and perception: of the morphological features and descriptions of the vegetative plant
parts would increase the quality and duration of student knowledge, since they are self-constructed
by the blind. The statement can be supported by the study of Jones et al. (2006) in which the blind
students who learnt by heptic technology increased their knowledge abouit cells, compared.to those
students who learnt through the traditional verbal-textual method. The suggested recommendations
imply further work and the- gathermg of further sensory perceptions that the blind will create by
exploring the fresh plant material in the learning process, while reading or listening to' the descrip-
tions of the morphological features of the plant organs.

The following changes are suggested to the ordination (Figure 1) and the description of the
morphology of the underground plant parts when teaching blind students:

# The description of the morphological features of the root should start with the branching, then
the thickness and firmness, aitd then the density;

o The types of root systems (taproot, fibrous root and tuberotise root) should be given after the
descriptions given aboce;.

e The types of the root should be defined by the root thickness;

* Descriptions of the types of rhizomes, tubers and bulbs should be based on the shape, not-on
the anatomical structure and the position of the buds. '

The following. changes are suggested for the sequencing (Figure 2) and description of the
morphology of the stem when teaching blind students:

* In the déscription of differences between woody and herbaceous stems, greater focus should
be placed on the thickness and firmness;
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Figure 1. Sequencing ir the descriptions ofthe morphological features of the undérground plant paits that can bé implemented
in the education of the blind, '
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Figure 2. Sequencing inthe descriptions the morphological féat_ures-.of'the stem:that can be implementedin the education of the bind.

* The descriptions of the stem type should not be based on the morpholagical features, which
are impossible for the blind to perceive, such as the stem colour;

» The description of the shrubs should be supplemented by the branching type and the presence
of thorns and spines; _

 The description of the trees should contain information about the roughness of the surface
and the fissures in the bark;
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Figure 3. Sequencing the in description of the morphological features of the leaf that can be implemented in the education of the
blind:

e In the herbaceus species, the description of the surface and information about the presence of the
central:cavity should be added; as well as information on the stem shape and the growth form.

‘The following changes are suggested for the sequencing (Figure 3) and description of the
morphology of the leaf when teaching blind students:

¢ To use the possibility of the perception of the:number of riéedles in distinguishing conifers;

» The description of the foliate leaf type should start with the leaf surface, then the venation, leaf
‘margins and only finally the leaf shape;

o A description of the arrangement of the leaves on the stem should be added; as well as
a description of the leaf petioles, as visually impaired people can easily identify this
characteristic. ' '

Limitations and recommendations for future research

One of the miain limitations of this research was the limited number of plants whose vegetative
organs were examined and described by the participants. Another limitation in this study was that
the effect of sequencing the descriptionof vegetative plant organs on the quality and durability of
knowledge of blind students was not examined. The number of p_artiCi_pant_s in this study was
a further limiting factor in terms of making general recommendations for the correction and
reconciliation of the sequencing of descriptions of each vegetative plant organs to the sensoty
perception of blind students. '

In order to obtain the most reliable and correct sequencing in the descriptions of the morpho-
logical characters, and as well as the most complete description of the plant parts, that should be
implemented in the education of the blind, additional similar investigations should be undertaken.,
Besides this, one of the tasks in future investigations should be the testing of the suggested
sequencing of morphological descriptions and the descriptions. as to the level and durability of
the knowledge of blind students.

Conclusion

The results of ‘the. study showed that there is no significant difference in the perception and
description of the morphological characters of the vegetative plant parts among the blind partici-
pants. Nevertheless, the sensory perception and descriptions of the morphological characteristics of
the vegetative plant parts generated by the participants were not in accordance with the SSB.

Therefore, it is necessary to make certain changes to the current methodology of teaching the
morphology of different plant parts. Suggested improvements include: i) changes in the sequencing.
of the morphological descriptions of the plants parts, ii) corrections to the existing- morphological.
descriptions of the different plant parts, iii) the creation of new morphological descriptions of the



JOURNAL OF BIOLOGICAL EDUCATION

plant parts based on the sensory perception of the blind. In this way, the presentation of the
teaching content on the morphology of vegetative plant paris would be in accordance with the-
sequencing and perception of the blind. At the same time, this approach would also contribute to
the greater implementation of constructivist learning in the biology education of the blind.
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Abstract. Recently, Iﬁe.research_qbour
innovative approaches in the education of
blind {non-visual- NV} students has intensi-
fied; however the use ‘of dichotomous keys

{DK) in theif botanical education has nat’

vet been examined. This research explored

the contribution of two self-generated’

dichotomous keys (DK} for plant.identifica-

tion (a digitalversion- DDK and a prinfed

version- DPK); to the botanical education’
-of NV students. The research iricluded

100 students, with amaverage age of 24,
divided into 2groups. Group El determined
the plants using the DDK while in Group.

E2 plants were identified using the DPK,
The DDK contributed more than the DPK in
helping the NV participants to acquire‘the
quality and durability knowlecge they need
to identify different plant groups (woody,
bushy and herbaceous plaits). The NV has
the greatest success in the identification

of woody plants, and the least success in
the identification of herbacecus plants.
The members of both groups (€1, £2) had
possitive opinion about the tontribution’
of the appilicable dichotomous key to their
kriowledge, the activities in it. Due to this;
fact, both versions of DKs are recomimernid-
ed as new assistive taols in the botanical
educdtion of NV students.,
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Introduction

The report-by the Waorld Health Organization, “Universal Eye Health”,
highlights the need for more intensive research in-orderto improve the
quality of fife and education of NV people (WHQ, 2013). The fact is that only
a small humber of NV people (i.e. people born without sight and taught

" without visual referénces in school}-are provided with a contemporary

education, as it requires significant material resources (Hashemi et al, 2017
Livingston, McCarty, & Taylor 1997; Lamichhane, 2016, 2017}, Education in
the field of Natural Sciencesis one of the main challenges in the education of
NV people {Fraser & Maguvhe, 2008). Across a large number of studies, it has
been concluded that with the hefpof assistive educational technology, NV
students canachieve the same quality of knowledge in different natural sci-
ences.as students who have na visual impairmenit (Freire, Linhalis, Bianchini,
Fortes, & Pimental, 2010; Rice, Aburizaiza, Jacohson, Shore, & Paez; 2012).
In the biclegical education of NV studerits, it is-especially demanding

to adapt the educaticnal content in topics related to biodiversity, because

so much of it is. perceived visually. By contrast, the biodiversity education
of NV students should be based on touch, hearing and smell (5mith, 1998;
Smith, Polloway, Patton, & Dowdy, 1998). In the case of NV people; the ab-
sence of the visual sense is.compen satedfor b’y the better develgpment of
other senses, piimarily touch,h’earing and smell (Morin-Parent, Beaumon,

Théoret, & Lép_ag, 2017). Thérefore; they acquaint themselves with their

environment only partiatly, including in their approach to biodiversity.
Research has shown that insufficient knowledge of biodiversity has the
following consequences: the incomplete interaction of NV people with the
environment; a negative impact on mental health and social skills, as well
as limiting self-confidence (Binns et al, 2012). In order fo mitigate these
consequences,it is necessary to allow NV studentsto perceive their environ-
ment based on theiravailable sensory experiences, insofaras it is possible.

The most common ways to educate NV people about biodiversity

hteps://dol,0rg/10.33225/jbse/19.18.668.
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are the verbal-textual methods, the application of models and use of sensory gardens. Some researchers have
pointed o_uithatfhe acquisition of knowtedge bythejverbal'—textual method causes verbalismin NV students. They
interpret the content, but do not understand it becausé they have not adopted it thraugh a sensory experience.
They partially understand the concepts which explain the biodiversity surrounding them {Andersen, Dunlea, &
Kekelis, 1993; Andersen, Dunlea, & Kekelis, 1984). By applying threg-dimiensional models in the teaching of NV
people, the effects of verbal-textual methods are partially but not entirely removed.

Sensory gardens for NV learners are places which are specially adapted to NV visitors, through providing
the maximum: serisory stimulation, allowing them-to encounter every part of garden by exploring them. with
their senses, One of the main aims of sensory gardens is the educationof NV peaple and their- preparation for
task solving in everyday fife. Through visits to sensory gardens, NV people are able to expérience the richness of
various tactile, fragrant and listening experiences, enabling them to explore, identify and understand their sur-
roundings (Chawla & Heft, 2002; Mount & Cavet, 1995). The consequence is positive effects on the psychalogical
and-social well-being of the NVindividual (Hussein, 2017). Séderback et al. {2004) pointed out that horticultural
therapy and staying innature incréase the émotional, cognitive well-being, sensory functioning and the social
inclusion of NV'people. Due to the fact.that sensory gardens are mostly concentrated.in large cities and near major
health rehabllltatlon centers, they. are barely available to NV people who do not live in their immediate vicinity.

A review of ‘the previous research indicated that the contribution of dichotomous keys (DK} for plant
Identiﬁcation ta knowledge on biodiversity has been tested only on students without any visual impairment.
Recent studies (Andi¢, Cvijeticanin, Maricic, & Stesevié, 2018; Knight &Davles, 2014) have confirmed:the positive
contributionof DKto knowledge on biodiversity, Some researchers have suggested that NV students can achieve
the same quality of knowledge in different natural sciences, as students who have no visual i ;mpazrment (Freire
et.al, 2010; Rice et al,, 2012), which forms the basic idea of this research. Thus, one question arises: If DKs make
a positive contribution to the knowledge of people without visual impairment, will they also make a.positive-
contribution to the environmental education of NV people when using the example of plants?

The aim of this research was to determine the-relation:between the contribution of the deliberately genar-
ated.DKs and the quality and durability of the botanical knowledge of the NV participants, being needed for
plant identification {recognizing and naming), as the basis for-the sensory exploration of plants. In addition,
within this aim, this research hoped to further détermine the opinion of the NV participants on the impact of
the applled DKs; thus it examined:

1. Thesimilaritiesand differences in the quality and durability of NV knowledge in identifying piants from
different groups {herbaceous, bushy and woody),
2. The opinions of NV participants on the contributions of the specific DK used to:
*  the knowiedge they need to identify plants;
*»  their desire to learn about plants from their surroundings.and the wider environment;
s theapplication of the acquired knowledge in everyday life:
* the application of the acquired knowledgé in the' biodiversity education of the NV,

The basic hypothesis of this research was that both the generated DKs could Be used as new assistive toais
in the botanical education of NV.students.

It was assumed that dise to the use of educational software with speech technology in the DDK; the NV par-
ticipants would acquire the better quality and longer-lastmg knowledge that they need for the identification of
‘plants, and that they would have a more positive:opinion on its application, compared to those NV participants
who learned using the DPK (a DK printed in Braille).

Research Methodology
General Backgrotind-
The quasi-experimental design was used inthe research. it was realized on the basis of-an experiment with
‘parallel gréups over a period of 18 months {January 2017 to June 2018), and had:two main focuses: 1) the can-

‘tribution of the use of DKs to the quality and durabitity of the-botanical. knowledge of the NV partu:lpants 2) the
opinion of the NV participants: about the applied DKs.

hitps://doi.org/10.33225/jbse/19:18.668, = .
tps://doi.0ngf10.33225/jbse/19.18.668 .
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Farticiparits:

The researchincluded 100 NV participants whose median average age was. 24, from Montenegro,and Austria,
Theminimum samplesize was determined by G* power program, following the inputs: ohe-tailed+ test, the effect
size of d = 80, desired power of .80,the error rate of ,05. Résulfs indicated that the minimur numberof participants
was 45 per group. The final size of the sample was detérmined on the basis of previous reséarch that examined. DK’
efﬁ'cie_nty butwhich exarnined students and enthusiasts without visual impairment, and research in the field of the
science.education of NV students, as weil as on the basis of the numberof NV whe wanted to volusitari ly participate
in the research and general recommendations for sample size in educational researches (Cohen, Manion, & Mor-
‘rison, 2008). Al the participants had a visual acuity of less than 3/60 and-a narrowing of the field of view of 16°for -
their bettervisual eye (Yang et al, 2016). The demographic characteristics of the samiple is presénted inTable 1.

Table1.  Demographiccharacteristics of the sample (Total N=100).

Variables Type N %
Conder Male 57 57
Female 43 43

Léss than 7 1 1

-1 12, 12
11-i5 14 i
P 15-19 32 32
Age fyears) 1925 0. W0
25-30 17 i7

30-40 5 5

40-50. 9 9

The NV were divided into twa groups (E and E), which were equalin the number, of NV people {each group
had 50 NV people), and which were based on'the: number of plant species that they could identify on the PRT.

Approval of and agreement for this research was provided by each institution from whick NV participants
were engaged, mcludmg schoals, unijversities and societies. The institution managers and: administrative staff;
the parents of minor participants, and all the participants.themselves were made familiar with the research and
pfocedures within it All participanits were included on a volunitary basts. The anonymity of all participants and
confidentiality were guaranteed. All participants were remitiided of the guarantees regarding confidentiality and
anonymity at every stage of the research process, and-were sought permission 1o record questionnaires and use
the questionhaire-data:

Research Design

The research was divided into the following phases:

1. Questionnalre 1- _semi—'structute'd.-qUestionn'a_ire in oral form {adapted to the NV} was used to
examine the opinions of the NV participants about plant species that could be identified on the
basis of the sensory perception of plarits. Moreover, ene aim of this questionnaire was to examine
the way:in which the NV pafticipants had [earnt about plants prior ta their involvement in this
reseaich.

2. Theleve! of prior botanical knowledge of each NV participant was assesed by using a non-stand-
ardised pre-test [PRT) which was based on the sensory perception and identification of frésh
material of plant species listed in Questionnaire 1.

3. Descriptions ofthe morphological plant characteristics by NV participants~these: descriptions werg
obtained by giving each NV student the fresh matérial of one plant species, to be used to.examine:
the plant based on'the sensés of tauch, smell and hearing.The NV participant then described all
thereproductive and vegetativeptant organs without being required to identiy the plant species,

670
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The descrlptlons were recorded using an ICB-UX560 Dictaphone. Onaverage, each NV partlapant
took around 15 minutes to.study the morphological characteristics of the one plant species, but
the'time for giving their description was not limited: Each NV participant gave a description of all
one hundred plant species. This phase of the research lasted 9'months, because the species.did
not belong to-the same aspect of flora. Some of them flower/produce reproductive structures in
spring, some in summer, and some in autumn.

4. Selecting the morphological characteristic of plant for DK ~ in the creation of the DK, was obly
used the morpholagical characteristic of plants which were described by NV participants.as the
basis for sensory perception and which had a scientific relevance. To begin‘with, all the descriptions
were transcribed and after that coded separately. The ¢coding method used a grounded theory
approach (Glaser & Strauss, 1967; Strauss & Corbin, 1990) and was simiiar to’ the coding method
used in other studies in teaching bloiogy to blind students (Fraser & Maguvhe, 2008). Codes with
a frequency of greater than 85 (out of 100) were used to create the content of both DKs.

5. The-creation of particular DKs {the DDK and the DPK) by using spécific taxonomical markers (the
morphoioglcal characteristics of plants) obtained in the previous phase of thie'resedrch. The DDK
was created using education software-and speech technology, while the DPK was printed in.Braille.

6. Formation of groups - The NV participants were divided into twae groups {E,and E}). The groups
were equal accordingto NV knowledge on the PRT and in terms of the number of participants.

7. Implermentation of DDK and DPK in plants determination - The determination lasted for three weeks,
consisting of 8 periods of 60 minutes of_teac_hlng Each _NV participant independently determined
the plants using the relevant DK and fresh plant species.

8. The opinian of the NV participant about the used DK —striictured questionnaire {Questionnaira 2)in
oralform (adapted to the NV) was asked with the aim of examining the opmlon of the NV students
.on the DK'which they used for: plant determination. The intent was to examine the opinions of NV
participants about the coritribution of the applied DK to the knowledge they needed to identify
‘plafits; thelr motivationto-leain about plants, and the opinions of the NV- participants about the
implementation.of the' DDK and the DPK in the botanical-education of NV students.

9. Theexamination of the new knowledge of the NV participants - the new knowledge about plant
identification was examlned using anon-standardised post-test (POT). it was realized immediately
after f‘nlshlng the phases of the implementation of the' DDK and thé DPK ir plant determination.

10, Kncwledge durability of NV participants - this was examined through a non-standardised re-test
(RET}- which was realized two months after flmshlng the pliases.of the implementation of the DDK.
and the DPK.in plant determination.

Approdach

InGroup E,, the NV identified plants using a DDK and in E, they used:a DPK, Both groups performed the deter-
mination in a natural environment {parks and walking grounds). In the fitst round of determination; the reseascher
identified one species using the DK with each NV participant, in order to demaonstrate to them the basic principle
of the function of the DK that was used, After that, the NV received thé fresh plant material of the next plant from
the researcher-and independently. performed the determination using their specific assigned DK,

In determining, the plant species which have major morphologwal details and vegetative, reproductive organs
‘were determined first, gradually shifting to smaller plant species. The accuracy of the determination was: checked
by the researcher, When a NV parson accurately identified the plant; the researcher led them to a location- where
the plant grew in'its natural habitat, so that the NV person could complete a mental image of the environment.in
which the plant species were growing.

Description of the DDK and the DPK

The DDK and the DPK were created by theresearchers inthree languages (English, Germin and Serbian) and
had the exact same.coritent (100 plant species.from the environment of the NV participants}. The one-hundred
plant species were selected on the basis of the varicus plant species about which NV students learn-at inclusive
pre-university level in Austria and Montenegro, as well a5 the fact that.a similar number of species was used in
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prewous similar research with students and enthusiasts without visual impairments, The selected plarit species.
grow in the enwronment of the NV participants in both Aystria and Montenegro.

The keys hold the names. of the plants which are used in everyday life, as well as their Latin names. in the DDK:
{Figure 1), educational software with speach technology was. applied, while'the. DPK contents from the DDK were.
presented with the text in Braille, In both DKs, determination is performed onithé same principle. The NV graduatly
turn from one claim to ancther. The claims describe the morphological characteristics of the given plant species,
moving from the general to the specific chiaracteristics of the plant. At the eénd of the determination, the NV are
focused-on a claimwhich summarizes the properties of the plant from the previousclaimsand d_esfgnates-the.plant.

Plant determination

Gerale.and tiny plants {Up w fav
centimeters in high) with soft hndy
“They graw.mainly In piles, 6n 1oiks, on

{iythé ground, on treis bark, Dus 19 15
small direnzians, it le pftenvery
ditficulf to fee] the differentiztion of the
body ta the tres, leaves, root.

Moss {Bryurn sp)

P!um degeription: G touth mass teek
Uik phush of iy shoggily suitaces on
roicks o tra groand. B plait beicht

aFCaIRe 2 e fedth, aporefit. On botk

siting Of A sennil pickat there wre sl

'fmma%mns The upper ball {sparogeny

shll) bs grnall, cormpnet and smooth.
Tokager t':ﬂsnnl‘on i stoall raugh Fommation

wwhich branches dnd it is oblong,

J

/' ) o Plants of targer dimensions with clesrly
differentinted body

Figure1. Example of simple determination through the DDK.

Research instruments

A testing technique- was used to analyze knowledge. Testing was carfied cut in‘the envifonment in which
the NV were identifying the plants. On all tests, the NV were supposed to identify the plant species based on the
sensory perception of frésh plant material. On the PRT, participants werg- supposed to identify only those plant
species which most of the NV study group claimed that they were able to identify (four plants} in Questiennaire
1. Based on those responses; the PRT had four questions, The results of the PRT represented one of the criteria for
equalizing the groups. The-POT arid the RET consisted of a total of 24 questlons Eight questions related to the
identification ofwoody, eight dealt with shrubs-and eight concerned herbaceous plants. On'the POT-and the RET,
the participants were suppesed to identify the same plant species from different groups of plants, In the selection
of plants; we considered alt the plants that the majority of NV participants had identified in Questionnaire 1 and
those plants which are most common in the natural envirdnment of the: NV participants. The:examination of the .
participants'knowledge was the same far all the tests, and was carried out according to the following principles:

* Everyparticipant received one example of a fresh plant spécies, which was provided by the researchers.
The NV participant was supposed to identify the plant species based on sensory exploring,

* Onaverage, the NV partu:[pants took around 3 minutes to identify one'plant species, The time.aliowed
for the POT and the RET was two school classes (90 minutes) each. In this process, it was conszdered
that all the NV participants had enough time for sensory plant identification. The PRT lasted only gne
school class.

¢ The NV participants answered.in oral form. Their answers wete checked by the researchers and they
werewritten on the record sheet.

* Each answer provided by the NV participants was evaluated as either correct ar incorrect because
theywere only suppesed to identify (name} the plants.

All the tests used in this résearch were non-standardized becaiise of the lack of standardized test for testing
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the knowledge of NV people in termsof plantsidentification. Both questionnaires were in oral form adapted to the
NV {Ratanasukon, Tongsomboon, Bhurayanontachai, & Jirarattanasopa, 2016}, Questionnaire 1 had 10items with 5
questionsand it examined the way in which NV participants had learned about pfants prior toithe realization of this
research, aswellas the plant species that they could identify, Questionnaire 2 had twenty items and four blocks of
questions {in total16-question). In the first block of questions, opinions abolit the contribution of the applied DK to
the quality of the knowledge needed to identify the plants on the part of the NV participant that was examined. n
the second block of questions, their opinions about the activity in‘the applied DK were éxamiingd. In the third blotk
af questions, their opinions aboutthe impact of the applied DK on their motivation to learn about plants from their
surroundings and beyond, as weil-as the impact of the knowledge acquired through the DK on their everyday life
were examined. inthefourth bfock of questions, the NV.were supposed to give. their opinion on the possibility of
using the DK in the further botanical education of other NV. The questions in Questionnaire 2 were open, ordinal
{using the Likert scale of assessmerit) and combined in type. The Likert scale featured five points: (1 = | don’t have
afyopinion, 2 = Disagree, 3 = Partially Disagree;4 = Agree, 5= Agree Strangly). The questions were read to the NV
participants as well as the available answers {to questions of an ordinal or combined type} and clarified if that was
necessary. The NV participants answered the questionsofally and the fesearchers wrote these on'the record sheet.

Data Analysis

The contribution of the DDK and the DPK to the quality and durability of the knowledge of the NV in Groups.
F, and E, was meastired based on the number of accurately identified plant species on the POT and the RET, The
difference and similarity in knowledge between'the grougs on the PRT, POT, or RET, weré obtained using a hon-
parametric Mann-Whitney U test and an independent ttest. Also, the Mann-Whitney U test was used for andlyzing
differences in opinions among NV partlc:pants between Groups E, and E, on the questionnaire, the Kolmagorov-
Smirnov and Shap!ro -Wilk tests weré used to test the normality. of whether the obtained data on the three tests-
corresponded to-a normal distribution. To determine the difference in knowledge between the POT and the RET
within one group, the Wilcoxon test was used. The analysis. of the guestionnaire was.performed by exploratory
factoranalysis, principal compooent analysis (the Barlett sphericity test and the Kaiser-Meyer-Ofkiri test -KMO) and
Varimax rotation. The intérnal consistency of the factors in the questionnaire was computed using the Cronbach
Alpha test {u).

Research Results

The results of Mann-Whitney U test, indicate {U = 2469.000; Z = -2 856 p= 936)that there was.no sta-
tistically 5|gn|ﬁcant difference between the NV participants in Groups E, and E, in the claims aboutthe. method
of learning about plants before the realization of this research. In Questlonnaire 1, all the NV participants. claimed
that they rarely learned aboutplantsonthe basis of their personal sensory expéerience. The NV participants learned
‘about plants frombooks (E: 53%, E, 55%); from family/ friends (E,: 21%; E,: 23%}; fromi the media (E,: 18%, E,: 14%)
and from personal experiencé (E;: 8%; E,: 7%)..

The Knowledge of NV participants ini termis of Identifyirig Plants before using the DDK and the DPK

Most NV (E,: 90%; E,: 92%) claimed that they could identify 4 plant species: the-common daisy (Bellis perennis
L), the dandelion {Taraxacum officingle L}, the pine (Pinus sp.) and the platan {Platanus sp.}. 17% of the NV in the
whole sample correctly identified only ane p]anttP."nus sp.), while the other plants listed in Questionnaire 1 were
notiidentified on the basis of the fresh plant material provided. The Mann-Whitney 1/ nonparametric test found
that there was no difference inthe knowledge of the NV in Groups. E, and E; in relation to the indicated plants
(U= 3286.000; Z = -4.228; p =1.717). This was confirmed by the lndependent t test {t =8.236; df=99; p = 1.336),

The Knowledge of NV participants in terms of identifying Plants immediately after the application of the
DDK and the DPK

The valués ofi'the'_Kolmog_o_rov-Smirn_ov normality test and-the Shapiro-Wilk test showed that the obtained
data did not have a normat distribution (see Table 2).
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Table2.  Tests of normality of distribuition in Groups E; and E, on the POTand the RET.

‘Kolmogerov-Smirnov Shapiro-Wilk
Test. Group
D df P w df p
FOT E 168 50 a2 985 50 002
E2 158 50 Jo2 8623 50 005
‘RET ET 189 50 003 H5 54 003
£2 123 50. 002 948 50 002

The difference inthe knowlédge of the NV participants between Groups E, and-E; was used to-détermine the
results as anindependent test. In Group E,, the NV participants identified 21 out of24 p!ant speaes,whlle in Group:
they identified exactly half (12-out of 24) The difference in the number of identified plants was as follows; 2
'woody pants (t=3.971;df = 99 p=.0001};3 shrubs {t=3.126; df =99; p= 0001} and 4. herbaceous. plants (t=4.023;
df =9%; p =.0001}. The NV-in‘Group E1 were more successful in identifying the fir (Abies alba Mill.}, the spruce(Picea
abies (L.} Karst), the hawthorn {Crataegus monogyna Hawthorn), the yew (Taxus baccata L), the oleander (Nerium
oleander L), the broadi'eaf plantain {Plantago major L), the narrowleaf plantain {Plantago fanceolata L), St John's-
waort (Hypericum perfaratuir L),-and white clover {Trifafium repensL.).

The Knowledge of NV participants in terms of Identifying Plants two months after the application of the
DDKand the DPK

Both the Kclmogorov45mirnov_norma_lity testand.the Shapiro-Wilk test, shown above inTable 2, demonstrated
"tha_t_t_he obtained data did not have a normal distribution. Group E, showed more durable knowledge and man-
aged to identify- 17 out of the 24 species. Group E, identified 8 out of 24 spacies. The differences in the number
ofidentifiable plants between Groups E, and E, was asfollows: 2 woody {t = 3.759; df =99; p = .0001); 2 shrubs (t
=4,823; df = 99; p = .0001) and 5-’he'r’batebu5-plants {t=4.129; df = 99; p = .0001). The NV.in Group E, were more
successful in identifying the fir (Abies alba Mill.), the hornbeam (Carpinus orientatis Mill}, the hawthorn (Crataegus
monogyna Hawthorn), the yew {Taxus baccata L), the broadleaf plantain (Plantago majorL),the narrowleaf plantain
(P.-'anrago lanceolataL), St John's-wort {Hypericum perforatum L), slag (Malva sy.‘vestns L.}, and white clover (Trifolium
repens L), The results of the Wilcoxon test, Table 3, show the existence.of differences in the number of accurately
identified plants from all. groups of plants on the post-test and re-tests within Groups E candE,

Tahle 3. The difference inthe knowledge of the NV par_‘ticipant_sb’etWEen the POT and the RET in each group,

the Wiltcoxon test.
Group Ef Group E2.
Willk A E p Witk A F p
Woody 745 a8z o017 835 074 012
Shrubs a7z 335. 014 B65 224 009
Herbaceous 791 213 009 887 M9 018
Total 795 238 019 823 A58 023

The Opinions.of the NV participants about the Applied DKs
Exploratory factor analysis, principal component analysis (KMO = 740; Barlett sphericity test = 437.205; df =

66; p = .000) and Varimax rotation, demonstrated that there were four [atent factors that explain 72.61% of total.
varfance, For further analysis; four specific factors were taken: Factor 1: The opinion of the NV on the contribution
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ofthe: applied DK to.their knowledge, needed to identify the pFants {that explain 19:62% of total variance); Factor
2: The opinion of the NV on the activity in the DK(that explain 18.15% of total varlance), Factor 3; The opinion of
-the NV en the impact of the applied. DK on their motivation to learn about plants and the importance of applying
this knowledge in their-daily lives {that explain 17.46% of total vatiance) and Factor 4: The opinion of the NV on
the opportunities for using the DKs intheii botanical education, (that explain 17.38% of totalvariance). The range,
avetage values, dispersion of results and Cronbach Alpha coefficient by factors are presented in Table4.

Table4.  Range, average values, dispersion of results and Cronbach Alpha coefficient by factors.

Factor N M. M M SD a

The opinion of the'NV participants on the-contribution of the applied DK to their

knowledge, needed to identify the.planls 120 2 3 4255 8z B4
The opinion of the NV participants on'the activity in the DK 100 1 5 3561 T3 B
The opirion of the NV participants on ihe impact of the apptied DK on their

mativation to leam about piants. and the importance-of applying this knowledgein 100 1 5 3228 801 g
their daily lives

The opinion of thet NV participants on the opportunities for using the DKs in the 106 i 5 341 -935 86

botanical aducalion of- NV students

The difference in opinions among NV participants between Groups E, and E, was confirmed by the Mann-
Whitnéy Utest: the contribution of the applied DK to'theirknowledge, needed toidentify the plants. (U=1726.000;
-Z=-4,255; p=001); activities in the DK (U=2044.000; Z=-5.111; p = .001); the desire to learn about plantsiin the

future using the DK (U = 1768:000; Z =-4.052; p=.000} and the |mplementat|0n of the relevant DK in the botanical

education of NV students {U/ = 1556.000; Z=-3.859;p = 001}, The d:fference in the opinions.of the NV participants
inGraup E.. and Group E,was also confirmed by the percentage of NV participants who selected the option / fufly
agree in answefing questions using-the Likert scale, -(Figure 2J.

I fully agree that the DK:
&3 Group E: 1 Group B

Provides easy determination, |

Provides interesting learning

Percentage ol rexponises

Provides easy transition from a claim to the next

fwould used it in the future

Figure2. Thedifference batween Groups E,and E, inthe choice of the claim [fufly agree on the impact ofthe
DK. '
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The tactilé.sense-6Fthe NV individual was the primary source for the-callection of informatiefi on the basis
of which the plants were identified. In terms of the process among NV participants in the identification of plants,
it can be concluded thatidentification does not begin by defining the shape and size of the plant, but rather with
the sensationis of touchirg. Using the example of the leadf, the first réported feature is the surface (bare, hairy,
flaky rough orfine, very rough, and so on). Then they determined the firmness (soft, medium, hard plastic), thick-
ness (thin, medium; thick), the nature of the edge of the leaf (unstressed, toothed, wavy) and finally its shape;
The senses of smell and hearing helped them collect information to identify a small number of plants. Thus, for
example, the sense of smell helps in the identification of aromatic plants rosemary and mother'sthymus, Further-
mare, Poison ivy (Hedera helix L) was'identified by the- characterlstlc “blunt” sound of the friijts when toliching,

Most NV could not identify any of the plant species they stated on the Questionnaire 1, based oh fresh
berbal material, before using the-specifically generated DK, A small number of NV identified only one plant
species (pine) from the group-of woody plants. These data indicate that prior to the determindtion by means
of the DDK and the DPK the NV {PRT) were primarily taught about the plants from the environment verbally,
without sufficient sensery experiéncg, which Ted to the appearance of verbalism (Greenaway & Dale, 2017). This
assumption is in line with the responses received from the NV in the survey. Their main source of knowledge.
about p[ants was books, while the sensual {personal) experience had little:influence.

Immediately after determining with the DDK and the DPK, the NV on average acquired the good knowl-
edge they needed to identify the woody, or shrub plants, and significantly less kinowledge for the identification
of herbaceous plants: This can be explained by the grating otientation thrésholds and its value of 0.96rmm for
NV {Alary et al, . 2009). The morphological details of the: woody and bushy plants are larger.and beyond their
threshold range, so that they heard the touch of the NV patticipants. The herbacesus plants are generally smaller
in‘$ize, have finer morphological featurés comparing to woody and scaly plants, In. both groups, most NV claim
that the easiestto identify were plants of larger dimensions, and the most difficult plants of smaller dimensions,
as well as plants that have similar structures:

A possible reason for the easier identification of the woody-and shrubs piants is that the NV had heard
most about these plant groups in their everyday life, but had not had the opportunity-to investigate them. This
probably caused internal motivation to experience them sensually and learn moré about them. Most NV in both’
groups claim that__durlng the determination they placed more atterition and focused on ‘the plants they had
heard ar read about because they wanteéd to find out more about them. The results obtained are in cofrelation
with theresearch by Stagg and Donkin (2016) in whichenthusiasts without visual impairment participated. In
that research, for most enthusiasts, the woody plants were more eéngaging in terms of their determination by
the generated DK;and relatively easy to identify. As one of thereasans for these resulits, these plants are more
popular among enthusiasts than other plants.

Two montbs after the DDKand. DPK determination; the NV participants, on average in both groups, achieved
poorer results when identifying plants compared to the immediate POT. When comparing the quality of the
knowledge ofthe NV related to the group of plants, it was noticed that the NV had forgotten some plant species
frem all'the groups of plants. It is assumed that one of the feasons for forgetting is the effect of the active and
passive forgetting process, as well as the ngn-repeating of plant contént between the POT and the RET. The pos-
sible reason for the fact that some plant $peties were more qmckly forgotten was that these piants did not feave:
‘pawerful imagery ratings for the NV participants; they were notinteresting, attractive during the determination-
‘process, This assumption is correlated with neuroscience studies that have examined long-term:memory func:
tions i NV.-In these studies, it was concluded that there is no difference in the durability in memaory between
NV and those without visual impairment. NV memorize- ObJECtS andenvironments that left them with a strong
$ensory rating for a longer period of time than those which left a weaker i imagery rating, unlass thesé imagery
ratings:are based on the visual sense (Beni & Cornoidi, 1988: Zimlsr & Keenan, 1983},

All the NV identified all the plant species listed in Questionnaire 1 on the POT and the RET, even though
they could not identify them of: the basis of fresh plant material on the PRT. On average, the NV were not suc-
cessful on either the PAT or the 'RET in the identification of similar plant-species; for example, they confused
the identification of the white clover.(Trifolium repens L.} and the red clover (Trifolium pratense L) as well as the
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species from the group of grasses, The small dimensions of these plants:and similar structures probably caused
the confusion of the NV during the identification. The sense of hearing and-smell was not helpful in these cases,
because both p!ants have neithera distinctive odor nor create a distinctive: sound when touched. 5|m|lar research
was undertaken by Stagg and Donkin (2016), which involved students with no visual impairments. The students
who.used the DK could not recognize simifar plant species due to their low visibility:

In the opinion of most NV in beth groups; bioth generated DKs contributed (*fully agree”) to improving
their knowledge of plants. They consider that the generated DK which they applied was an‘innovative way to
learn about plants in.the environment. The passible redson for unanimity in this answer is that the-systemati-
cal]y explored the p]ants for.the first time through-the application of the relevant DK, which probably caused a
positive.opinion about DKs in general. With the generated DK the-NV were enabled to replace verbal Iearnlng
with research Tearning through the observation of plant species using theirtactile; smell end hearing senses,
The NV in both groups fully agreed with the claim that the generated DK which they used would be suitable for
the botarical education of other NV: Actording to the epinich of the NV in Group E,, the DDK could be easily

‘be dpplied in the botanical education 6f NV students in elementary and secondary schools. The NVin Group E,
considered that the DPK would be rore successfulin secondary education than in primary education.

The reason for the greater centribution of the DDK in comparison to the DPK to the knowledge of the NV
needed to identify plants is probably the fact that DDK uses education software with speech technology. This
made it possible for the NV in Group E, to actively:communicate with the tablet through the right use of the
touch screens, while Tistening to.what they touched, flipping through the cantents of the screen while listening,
startihg again from what they had heard last. This, among other-things, made:it p055|b_!e for them to quickly
determine the plants, unlike the NV participantsin Group E,, who had to read each claim in Braille. This is in cor-
refaticn with the research by Cassia et al. (2009}, in which it was concluded that the use of assistive'technolagy

-and ‘educationial software contributed more to the quality of the knowledge of NV students and studénts in
.comparison to the traditional way of learning; in-which the verbal-textiial method dominates. Moving fromone
claim to.ano_the_r in-the DDK was facilitated by a simple cliék_.that inﬂu_en_ced cancentration (Andié et al,, 2018)
and aflowed the NV in Group E, to focus-on the tactile, auditory and smell senses while-exploring the plant more
'than the NV in Group: E, (Roder et al,, 1999). These assumptions are in correlation with many studies in the field
of neuroscience which have shawn that NV encode auditory verbal material better than those without visual
imgairment, causing greater brain activity and better memory perfarmarice (Rader, Rosler, & Neville, 2001; Kujala,
Alho, Paavialinen, Summala, & Nadténen, 1992). Given that the NV using it determined plants more quickly, the
DDK ihdirectly causes the NV toreceive faster feedback about the accuracy of their determination than the NV
in GroupE2, which makes it easier-to correct errors in their determination process. Continuous feedback has a
motivational impact, stimulating further activity in the determination process, which leads to the transformation
.of external to internal motivation {Csikszentmihalyi, Abuhamdeh, & Nakamura, 2005).

A possible reason for the better contribution of the DDK than the DPK is in the means of presenting the
content and activities withinthe DK. The.auditory preseirtation-of the cantent made the DDK more attractive and
engaging for the NV than a written presentation in the DPK. This assumnption correlates with the differencesin
opinion of the NVin Groups E, and E,. Formost ef the NV in Group E1, learning with the DDK was edsy, interesting,
andit would be relatively easy to use the DDK in learning, which is why they wanted to continue to learn about
planits in the future; Most of the NV in Group E, claimed that their activities in the DPK wére tiring aftér a short
time and that their:concentration deteriorated during the determination. pracess. They would use the DPK to
determine the plantsin the future, but the determination would take a shorter time and include a Jonger break.

Most NV'in bath. groups expressed the need to get to know. as'many plant species as possible in their
immediate surroundings and further afield. Basicatly, for both groups, the reason for this is the desire-for new
knowledge, but.also the curiosity of getting to know their surroundings, and also distant areas they have read
or heard about. They consider (“I fully agree”) that thé applied generated DK hielped them complete theirmental

picture of the landscape in their environment thraugh the identification-of plants, and that, based on listen-
ing to informatidinron the plant species that grow in other énvironments; they could imagine other areas more
clearly than before. '

When asked”In what way does new knowledge-about the plants contribute to yeur daily life?’; most of

‘the NV thought that based on plant identification it would be easier for them to find their way in parks and

https://dot.org/10.33225/jbse/19:18.668

=777y



Joumidit of Baltic Science-Educdtion, Vol. 18, No. 5, 2019

BICHDOTOMGLS KEYS IN THE BOTANICAL LEARNING OF NRN-VISUAL (BLINDY FEDPLE ISSN 1648-3868
(P, S&8-680F ' 3

L fPmint

ISSN 2538-7138 ronirer

green. areas, which made them feel safer, more independent and encouraged them to stay longer outdoofs,
This indicates that both generated DK can minimize the perception of environments as unfriendly from the side
‘of NV, ‘which is mostly caused by the lack of adaptable teaching and learning-materials and negative attitudes
towards them (Odame, Hwedie, Nkatsia, Peprah, & Nanor; 2019). The obtained-opinions q_f‘fhei NV participants
are in correlation with the results of the.research by Soderback et al. (2004) and Johnson (2012}, in which they
‘examined the influence of the sensory garden and gardening on the everyday life of their NV study group
and concluded that gardening and glant exploring encourages individualistic and idiesyncratic creativity-and
thinking while offering-diverse learning skills that enhiance both land management at the domestic level and
environmental interaction.

Conclusions and implications

This researchrepresents a pioneer study éxpioring the implementation of the generated DKs inthe botanical
education of NV students. Both the generated DKs (the DDK and thie DPK) are potentially innovative assistive
tools.in the botanical education of NV students because they contributed to their knowledge in identifying all
the plants species that they could not identify previously, before using the generated DK. The NV'p’artic'i_pan'ts
considered that both the generated DKs had helped them to-acquire new knowledge that would help them to
more easily orient themselves and feel safer when they are outdcors. The contribution of the DDK and the DPK
to the guality and durability of NV participant knowledge needed to identify different groups of plants (woody,
bushy and herbaceous) was unequal, The way the-cantent was presented to-the NV graups in-the generated
DK, the DK design, the activitiés inl it; the speed of determination by using the DK, and the speed of obtaining
feedback onthe dccuracy of the determination notanly affect the guality and durability of NV knowleédge; but
also the desire {motivation) of NV participants to investigate the plants in'their'surroundings and the wider en-
vironment by using a DK. Therefore, in the botanical education of NV students, priority should be given to the
DDK as compared to the DPK: The way of learning for NV participants, using both the generated. DX alongside
‘the parallel sensory research of plants on fresh plantspecies might be used as a new form of explicit instruction,
butit could also be used in creating impiicit instructions to help NV students determine and tearn about:plants,
Itis necéssary to significantly increase the extent of thé research-in this area in order to confirm these claims, In
this way, such research would-contribute to the adaptation of botanical content to the needs of NV peopte and
to.innovation in.biology education for NV students.
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Buorpadunja

IIpod. ap Cranko Hejernlianun

Ap Cranko Ilejernhanun, penosan je mnpodecop Ha Ilemaromkom daxyirery vy
Combopy, Yrusepsuter y Hosom Cany,Peny6muika Cpouja. [potiecop je i Ha Meanuunckom
daxysrrery, Vuupepsuter y Hosom Cagy, Ha omepy Crneummjanxa pexaGumuramija-
MHKITY3HBHO 06pasoBame. JokTop je XeMyje-MEeTOIMKE HACTABE XeMHUje. .AYTOp je H KoayTop
20 panosa y vacouncuma Ha SSCI i SCI sucts, u npexo 40 pajosa y OCTAaIHM HAYYHAM
yaconucnMa AyTop je 5 yHUBEpIHTETCKHMX YUOCHUKAa M JBa NpaktukyMa. MeHtop TpH
oAOpameHe JOKTOPCKe AuceTpaluje Ha Yuupepsurery y Horom Caxy. Tpenyrao J& MEHTOp
y TpH_ JOKTOpce AucepTanuje (y m3pagu),Mentop je 6 oxabpamenux MACHCTAPCKAX Te3a.
PYKOBOZHMO je TPOTOAHIIILUM H KPATKOPOYHHM (j€THOTOAHINEEHM) NOKPAJHHCKAM HAYYHUM
npojexTomM (AIl Bojsoguna,Penybiuka Cpbuja). YdecTyje, kao MCTpa)uBad, y OKBUPY

penyGmrukor npojexta (Penybmuxa Cpbuja) n3 obiractu obpasosama (2011-2019). Ynan je
Komucuje sa oueny npojekaTa H3 001aCTH OPYLITBEHO-XYMAaHUCTHUKHX HAyKa IIpH
IToxpajuHCKOM cexpeTepujaTy 3a BHCOKo ofpatopaibe u Hayky AIl Bojsomume. 3ameHHK je
npexcesunka OnGopa 3a ofe3beljerse KBATHTETa U MHTEPHY eBATyalll)y YHHUBEpP3HTETA Y
Hosom Camy. MHHMCTapcTBO [pOCBETE, HAYKe W TeXHOAOWIKOL paseoja Peny6nuke Cpbuje
QUEHIJIO j€ [BETOBY Hay4dHY KOMHeTeH.Ll_ij ca HajumoM oueHom (Al). Hayuamo

HHTEpecOBamse: DKOXeMHMja; Ekofornja ¥ 3alTHTA JKHBOTHE CPEHHE, EKoxeMIjeKO
o0pa3oBaibe; VIHTePAMCHHIUIMHAPHY IPUCTYTI XEMH|H, aHIPATOTHiK U eKoorijn;MeToauka
HACcTape XxeMuje; MeTomHKa HacTaBe NPUPOAHMX. Hayka; METOAMKA YIO3HaBama
OKOnuHE, MHKy3Mja y HACTaBH RPHpOAHWX Hayka;CTepouana Xemuja ‘U xeMﬁja KYIHUX
Kucenuna,0praHcka XeMuja u ysampeljere HacraBor Opoleca y 3emibaMa JYroHCTOUHE
Erpone.
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balkan countries; Foreign Language Teaching, Yymdoesuxoso obywenue 45/5 (Emerging Sources
Citation index)

NovaiE, T _(2018')':-' Pred3olski kurikuium v ‘vzgojno-izobraZevalnerh kontekstu {rne Gore, Sodobna
pedagogika, {69/135), §t.4(SCOPUS)

Novovié, T:, Micanovi¢, V.{2018): Misljenja vaspitala { struénih saradnika o kvalitetu inkluzivne prakse u
crnogorskim predikalskim ustanovama, Nastava i vaspitanje,  2UDK-373.2(497.16)
376.1056.26/.36(497,6) 357373

Micanovi¢, V., Novovi¢, V.[2018): Teaching Strategies in the Preschosl System of Montenegro, Sensos,
issue Vol 5 No. 2 (2018): Sensos-e Vol 5 No2 18-32




Micanovi¢, V., Novovié, T. (2018): Problemi primjene integrisanog pristupa u realizaciji programskih
cilieva u pred3koiskim ustanovama iz vizure vaspitaca. U¢enje i nastava, KLETT drustvo za razvoj
obrazovanja, IV /4, ISSN 2466-2801

Radovi objavijeni u domacim £asopisima

Novovié, T. (2010): Savremene tendencije u razvifanju predikolskih kurikuluma, Vaspitanje i
obrazovanje; br.-4: 13-25. YU ISSN 0350-1094

Novovié, T.{2011): Uloga i -z'n_aEa‘_j' ranog razvoja i vaspitanja u Crnoj; Gori. Vaspitanje i obrazovanje,
Podgorica, 4:71-81. YU ISSN: 0350-1094

Micanovi¢, V., Novovié, T., (2012): Psychological Factors in the Formation of Basic Mathematical
Concepts at Preschool Age, EGITIM VE"GELE'CEK_/JOUR'NAL OF EBUCATION 'AND FUTURE, Issue 2, 105~
113. |55N 2146-8249

Micanovi¢, V., Maslovarié B., Novovié, T. (2013} Analiza ukljutivanja djece romskog porijekia u
obrazavni sistem u okviru projekta Osnovno prave na obrazovanje u Crnoj Gori, Vaspitanje i
obrazovanje. Podgorica, UDK-37, 2; 77-91 ISSN: 0350-10%4,

Novovi¢, T., Micanavi¢, V, Masovarié¢, B. (2014} Uloga roditelja u predskolskom’ sistemu Crne Gore.
Vaspitanje'i obrazovanje, 1: 63-79. [SSN: 0350-1094

Nautni radovi na medunarodnim nauénim skupovima

Novovié, T. and Todorovic, K. {2015); Preliminary communication: Prvi razred devetogodiinje £koie-
pretpostavka kontinuiteta u obrazovnom sistavu, ‘Sveudilifta u Zagrebu medunarodna znanstvena
konferencija, The Faculty of Teacher Education University of Zagreb Conference internaticnal academic
confererice

Novovié, T. {2015): Kurikulum u pedagoikoj praksi prédikolskih ustanova u Crnoj Gori, implemnéntation
of innovations in education - chatlenges and diletnmas ( ur.Milinkovic, J., Trebjedanin, B.). Ucitelljski
fakultet, Beograd (419-437); Medunarodna konferencija »Implementacifa inovacija u obrazovanju. i
vaspitanju: izazovi | dileme”; organizovana od strane Uéiteljskog fakulteta, Univerziteta u Beogradu, u
saradnji sa Fakultetom za obrazovanje u Maribory, Slovenija i Driavne visoke struéne Zkole u Krakovu,
Poijska.

Miéanovic, V., Nouovié, T. (2016}): nitial Teaching of Mathematics in the XXI Céntury, Albania-Tirana:
Bed&r university, facuity of philology and edutation, department of educational sciences

Novovi¢, T.,Micanovic, V. (2016}: Entrépreneurial Learning in Montenegrin preschool , Initial Teaching of
Mathematics in the XXI Century, Albania-Tirana: Bedér university, faculty of philology and education,
departmient of educational sciences.. 122-140



Novovic, T., Micanovié, V. (2016): Koncept odriivog razvoja u udZbenicirna iz PPD-a u prvom ciklusu
osnovne 3kole, Univerzitet u Kragujevcu, Utiteljski fakultet u UZicu

Novovic, T. (2017): Inkluzija i kuiturne (de)formativne) komponente u predskolskom sistemu, Kulturno-
potpornag sredstva u funkciji nastave i uenja, Univerzitet u Kragujeveu, Ugiteljski fakultet .y UZicu
Micanovi¢., V., Novovié, T. (2018): ICT u funkciji podsticaja. ranog razvoja i ‘uéenja, Svakodnevni fivot
deteta, Madunarodna interdisciplinarna nau¢no-struéna konferencija, Novi Sad, zbornik radova 31
Novovié, T. , Micanovic, V. (2018): Predskolski program ,u akciji” u predikalskim ustanovama U Crnoj

Gori, Svakodnevni Zivot deteta, zbornik radova. Madunarodna interdisciplinarna nau¢no-struéna
konférencija

Novovi¢, T., Midanovi¢ , V. (2018): Dimenzije vaspitne klime u crnogorskim predskolskim ustanovama
Sarajevo, Ka novim iskoracima u odgoju i cbrazovanju -Zbornik1

Micanovi¢,V. Novovi¢, T.{2018): Strategije aktivnog utenja/podutavanja u prvom razredu osnovne kole
U CRNOJ GORI Sarajevo, Ka novim iskoracima u odgojui obrazovanju -Zboraik, 1

Ugesce u medunarodnim nauénim projektima
Evaluacija reforme obrazovanji u Craoj Gori (2012) Ministarstvo prosvjete Crne Gore,

Evaluacifa efekata predikolskog vaspitanja i obrazovanja, Ministarstvo. prosvjete CG, Ministarstvo nouke
CG, UCG

Bitateralni projekat sa katedrom za pedagogiju u Zagrebu, pod nazivem, Interkulturaino obrazovanje i
‘eliropske vrijednosti

"TEMPUS projekat FOSFIM (Foundation of study programme for inclusive education in’ Montenegro), koji
Je bio usmjeren na afirmaciju inkluzije na univerzitetskom nivou; regionalni projekat Regional Support
for Inclusive Education u organizaciji Savjeta Evrope

ERASMUS+ projekat KEY. (Keep Educating Yourself}2018-2021,

UZedte u bilateralnom naugnoistraZivackom projektu ,Kvalitet procesa pred$kolskog vaspitanja u
Republici Sloveniji i Crnoj Gori” UCG, St.program za pedagogiju na Filozofskom fakultetu u NikSicu i
St.,program za pedagogiju i andragogiju u Ljubfjani






BIOGRAFIJA

IME I PREZIME: Srdan Kadié

Roden 11.09.1968.godine u Beogradu.

Dipiomirao na Briroc_inu—'matcﬁmt'iékom fakultetn, Univerziteta Crne Gore, na Odsjeku za. Maltematiku i
rafunatske nauke - smjer radunarstvo sa prosjefnom ogjenom.9, 00 - 1994, goding,

Postdiplorske studije upisao na Odsjcku za matematiku i ratunarske nauke, smjer radunarstve
Matematickog fakulteta u Beogradiv Ispite na postdiplomskim studijama poloZio sa prosjeénom ocjenony 10;

00. Magistarski rad-pod riazivom “Algoritam sortiranja-za hardverski akeelerator obrade podataka™ odbranio
na Maternatickom fakultetu v Beogradu — 2000.gédine.

Dokto;‘éku_ disertaciju pod nazivom “Algoritam pro_\f_ie're.sc‘rijal_izovaglqsii konkuretog izvidavanja
transakcija” odbranio na Prirodno-matematitkom fakultetu u Podgorici - 16.05.2009.godine.

PODACI O RADNIM MJESTIMA 1 IZBORIMA U ZVANJA

Od oktobra 1994.godine radi u nastavi a Odsjcku za matematiky  radunarske nauke Prirodno-matematickog
fakulteta’'t Podgorici. Kao asistent odnosno saradnik u nastavi drzao vjezbe:

e Racthnari i programiranje, Principi prograniiranja, Programski jezici, Numeritka analiza,
Organizacija ratunaiskih sistema Vizuelizacija i raunarska grafika, Napredne programske tehnike;
Kompjuterska animacija na Odsjeku. za matematiku i rafunarske nauke Prirodho-matcmatickog
fakulteta v Podgorici.

o Malematika 1, Metalurgko-tehndloski fakultetu Podgorici.

e  Radunari i programiraiye, Gradevinski fakuliet u Podgorics.

e Osnovi informatike, Odsjek za Biologiju Pritodio-inatematitkog Fakulieta u Podgorici.

Od 25.03.2010.godine, u akademskom zvanju docent Univerziteta Crne Gore radi u nastavi na Odsjeku za
matematiku i ragunarske nauke Prirgdno-matematickog fakultera u Podgorici, dr#i predavanje i viezbe:
¢ Radunari i programirzije, Principi programiranja, Programski jezici (do.2014),
«  Vizuélizacija i radunarska grafika, Napredne programske tehinike, Kompjuterska animacija, Uvod u
informacione sisteme, Softver inZzenjerstvo, Softver za mobilne platforme; Bioinformatika na
Odsjeku za matematiku i racunarske n_auke'P:"irudho-matemat’iékqg fakillt_éta-u Podgorici.
o Interaktivni dizajn 11, Fakultet likovnih umjetnosti u Cetinju.
e Informacioni sistemi u gradevinarstvu, Projektovanje informacionih sisiénia Gradevinski fakultetu
Podgorici.
+ Infromaciono komunikacione tehnologije, Forenzika, Prayni fakultet u Podgorici.

0d 2013.godine obavlja furikeiju prodekana za finansije na Prirodno-matematickom fakultctu u Podgorici.

Na predlog Odjeljenja prirodnih nauka, 2013.goding, imenpvan je.za ¢lana Odbora za informaciono
komuitikacione tehnologije.
Na predlog ministarstva Nauke i'_i'clxnulo'gijc; 2013.godine, imenovan je Za Slana upravnog odbora projekta

"Visoko obrazovanje | istraZivanje za inovacije 1 kankurentnost < INVO",

0Od sirane Vlade Cine Gore, 20 1'2"}godine, imenovar za €lana Radne grujic za priprému i vodenjc pregovora o
pristupanju Crire Gore. Evropskdj uiiji za oblast pravne lekovine Evropske unije koja se odnosi na
pregovaratko.poglavije 10— Tnformaticko drustvo. i mediji.




PREGLED RADOVA1 BODOVA NAKON PRETHODNOG IZBORA

o o o BROJ BODOVA
1. NAUCNOISTRAZIVAC KA DIELATNOST TKUPNC ZA A
REFERENCU | KANDIDATA
1.3.1. Monografije — 10 2
1. Crna Gorau XX} stoljeéu —u eri kompetitivaosti — Nauka i
Tehnologija, izdavac CANU, kinjiga 7373, _
Srdan Kadié, Informacione 1 komunikacione tehnofogije, $17-337
1.2.1 Radovi objavljerii u ¢asopisima keji se nalaze'u
medunarodnim bazama podataka
1. Tomovié S, Stanigié P, Kadié Si, Data Mining Approach:In Climate
C_la__ssiﬁcation And Clisnate Network Constraction — Case Study.
Monienegro, Yol. 26 No.4 2018, pp. 1037-1043, Tehnicki 7 7
viesnik/Ti cchnical Gazzete, University of Osijck, Technical Faculty..
Sjuvonski Brad. Croaiia, ISSN 1330-3631 {baza podataka; SCIE, priloZen
rad]
_ http_s:ﬁdoi,orgf'l’l].'l 7559 TV-20160913203831. )
5 Kadi® §..Tomovié 5., Computer-Based Validation of 3N+1 Hypothesis 7 7
for Numbers 331, Vol. 26 No. 22019, pp. 289-293,Tehnitki
viesnikiTechrical Gazzete, University of Osijek, Technical Faculty,
Slavonski Brod, Croatia, ISSN 1330-3651 [baza podataka: SC IE, priloZen’
rad] o _ _
htips:#doi:org/l0.17559¢TV-20 161108221649
13.1. Radovi na meédunarednim kongresima i seminarima
1, Bll’l.iﬂ\"ié_ V., Kadié 8., Kovijanié-Vukidevié Z.. Otbits of-a k-scts of Zm,
Proccedings of the Third Mathematical Conference of Republic-of Srpskd, 2 b
20013, pp. 177 -187, 13BN 978-99976-6(0-0-8 [prilvZen Tad]
1.3.2. Radovi na domaéim kongresima i seminarima
1. Ivanovié L, Kadi¢ S.,Using OpenFlow standard for I'-‘cedbackfbascd_NFS 1 l
server balancing, 2014, 60-63. ISSN: 978-86-85775-15-+4, XIX. IT
Zabliak. [prilozen rad]
_ _ _ BROJ BODOVA
3, PEDAGOSKA DJELATNOST UKUPNO ZA FA
REFERENCU | KANDIDATA
3.1.2 Univerzitetski udzbeénik — koriSéenje referentnog inestranog 5 5
udZbenika kod nas
1. [an Sommerville, Software Engineering, 10 Edition, Pearson
2. Sd Marchner, P.Shirley, Fun amentals of Computer” Graphics, 4%
edition _ . _
3, R.Daignen, Service Design patterns: Fundamenial Design Sohutions
3.4.2. Meéntorstvo —-na 'dodiplomskom studiju 0.5 0:5
1. LeonDuravéaj, XML praktiéna primjena, odbranjen 03.12,2018.godine 05 0.5
2. Nikelina Sckali¢, €S53 Layout, odbranjen 30.11.2018.godine ' o e
3. Jovan Gajié; Java Script. adbratjen 06.11.2017.godine o _ &5 0.5
4, Ljubomir Stijepovié, UpotrchaOpenSource (ehnologija na primjeru GIS 9.5 a5
sigtema, vdbranjen 29:08.2013. godine '
3.5, Kvalitet pedagoskog rada




BROJ BODOVA 1

4. STRUCNA DJELATNOST TURUPNO ZA_ ZA
REFERENCU. | KANDIDATA

4.6. Ostala struéna djelatnost 'e_.lpr_enos rezultdta naudnog rada u praksu; 20 20
renos zZnanja u proizvodmu. 1L U rad drzavaih 1 rugih organa 1

urgangt’:ua: saraduja v 1zra 1.slru;m_l_h':osnova-za nove pro'pl_s_e; aktivnosh

U organima medunarodnih ndruzeg)a -

4,6.1 Rad sa talentovanom i darovitim djccom i gmladionom

| Wensa Cma Gora — purgpravni €lan Mensé. Interiational, predsjednik 2000-

. 2012, L

2. Fondacija Miadi pronalazali Cme Gore. predsiednik 2010-,
2,1, First Lege Ledguc, 2010~ robotika za djecu uzrasta 10-16 sodina

“inlermacionlang takmiéenje:

2.2, Sajam Pronalazata 2010-2016, program podrike zamiade pronalazale

2.3, Invietors’s Space — kutak za pronalazace - ETF Podgorica (20134 10
000 dolara vrijedna donaciia. Areridke ‘Ambasade {prvi 3D Stampac
itd.) ) .

2.4. Software Developer-Space — PMF Podgorica {2016), donacija vrijedna
215000 dolara - sofiver za ragunarsku salu. '

4.6.2 Struéna tijela

1. Viada Cme Gore - Radna grupa 78 priprémy 1 vedenje pregovara, o
pristupaniu -Crne Gore Evropskoj uniji koja se odnosi i pregovaratko
poglavije 19 — Informatitko drustvo i mediji.

2. Ministarstvo Nauke i lehnologije - upravni odbor “projekia “Visoko
abrazavanje i istraZivanjeza inovacije i konkureninost - INVO",

3. CANU —Qdborza Informaciono konunikacione tehnologije:

3. Viada Crne Gore - Radna grupa za praiénje implementacije akcionog plana

74 sprovodenje Strategije IKT pravosuda 20 16-2020.

4.6.2 Prenos rezultata naudnog rada u praksu

1. UNDP Montenegro, 3016-2019 - Government Scrvice Buss’

2. UCG, -’_.?0'17_42018-,.imgzgrisani'web paital Univerziteta Cene Gore.

3. GTZ/GIZ Montenegta, 20§6-2017 - Architectural framework lor P

4. U_SN\%P Montenegro, 2012:2017 — Informacioni Sistem -Socijainag staranja
(SWIS). | .

‘5. EUROL 2 — EU Support to Rule of Law, 2016-2017 - Suppoit 10 T
Strategy: ’
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Na oshovu &lana 72 stav 2 Zakona o visokom obrazovanju
(,Sluzbeni list Crne Gore" br 44/14, 47/15, 40/16, 42/17, 7117,
55/18, 3/19, 17/19, 47/19) i ¢lana 32 stav 1 tacka 9 Statuta
Univerziteta Crne Gore, Senat Univerziteta Crne Gore na sjednici
odrzanoj 28.10.2019. godine, donio je

ODLUKU
0 IZBORU U ZVANJE

Dr Srdan Kadié bira se u akademsko zvanje docent Univerziteta
Crne Gore za oblast Raéunarstvo i programiranje, na Prirodno-
matemati¢kom fakultetu Univerziteta Crne Gore, na period od pet
godina.




Kratka biografija Danke Cakovié

Rodena sam 28.08.1977. godine u Titogradu, gdje sam zavrsila-osnovnu §kolu i gimnaziju.
Skolske 1996/97 godine upisala sam studije Biologije na Prircdno-matematiCkom fakultetu u
Podgorici. Diplomirala sam oktobra:2000. godine sa-prosjenom ocjenom 9,48 i stekla zvanje
diplomirani biolog. Dobitnik sam plakete Univerziteta Cme Gore za najboljeg studenta u oblasti
prirodnih nauka, za 3kolsku 1999/2000. godinu. Poslijediplomske studije, smjer Ekologija i
geografija biljaka upisala sam 8kolske 2000/01. godine na Bioloskom fakultetu Univerziteta u
Beogradu. Magistarsku tezu pod nazivom: “Floristicka studija planine Sutorman’ odbranila sam
05. 02. 2004. godine i stekla zvanje magistra biologkih nauka. Zvanje dokiora bioloskih nauka
stekla sam na Prirodno-matemati¢kom fakultetu (Studijski program Biologija) Univerziteta Cne
Gore, odbranom doktorske teze “Floristidka i vege_tac_ij'ska studija planinskog -m'asiva-Rumij:e”
17.10.201 1.

Usavrsavanje kroz posjete 1 saradnje sa medunarodnim institucijama:

Institut za botaniky, Innsbruck — 4 mjeseca (2014/2015/2016/2018/2019) Institut za Botaniku,
Graz — 1 myesec (2010} Univerzitet u Ljubljani, odsjek za Biologiju.— 1 mjesec (2009)

Radno iskustvo:

2001. do 2012. — saradnik u nastavi na studijskom programu Biologija. U navedenom periodu
bila sam angaZovana na izvodenju nastave iz botanicke grupe predmeta (Ekologija biljaka,
Anatomija i-morfologija biljaka, Sistematika biljaka).

2005. do 2012, —saradnik u nastavi na Poljoprivrednom fakultetu smijer Polj‘o_privredna
proizvodnja, predmet Botanika,

2007. do 2012. — saradnik u nastavi na Farmaceutskom fakultetu, Botanika

2012. do 2017, — profesor (docent) na studijskom programu Biologija i na Farmaceutskom
fakultetu 2017. do danas — vanredni profesor na studijskom programy Biologija i na
Farmaceutskom fakultetu 2016. do dans — rukovodilac Studijskog programa Biologija;

Stri¢ni angazmani:

1. Flora i vegetacija Sireg podrugja Podgorice

2. TPA (Important Plant Area) projekat

3. Biodiversity (habitats/vegetation) mapping for selected locations in the Coastal area of
Montenegro '

4. Studija biodiverziteta obalnog podruéija

5. Katalog Flore Crme Gore (I, 111 HI tom)



6. Monitoring biodiverziteta odabranih lokaliteta u Crnoj Gori

7. Unaprijéedenje ekoloZke baze za odrzivo $uriarstvo u Crnej Gorl

8. Evolucija dvije grupe biljaka iz Crne Gore i susjednih regiona (Balkansko poluostrvo)
9.-Studija “Prirodne vrijednosti poluostrva Vrmac”

10. Strateska procjena uticaja na Program razvoja lovstva

11. Studija zastite planinskog masiva Sinjajevine

12. Procjene uticaja na zivotnu sredinu u razli€itim dijelovima Cré Gore

13. Prilog: Stud1J1 zastite Saskog jezerd

14. Prostorni plan posebne namjene za Nacionalni park Skadarsko jezero, voda bioloskog tima
15. Prostorni plan posebne namjene za Nacionalni park Prokletije, voda bioloskog tima

16. Zastita 1 odrZivo koristenje biodiverziteéta Prespanskog, Ohridskog i Skadarskog jezéra
“Hydromorphological and-Shorezone Functionality Index ( SFI) of Skadar lake™

17. Predsjenik Komisija za izradu programa za predmet Biologija — Op3ta Gimnazija i
Matematicka gimnazija (predsjednica komisije)

18. Akcioni plan za biodjverzitet Podgorice

19. Upoznavanje sa ciljevina odrzivog razvoja u srednjim $kolama u Jugo-istoénoj Evropi
20. Uspostavljanje NATURA 2000 inreZe u Crnoj Gori - ekspert.za stanifta

21. Kartiranje medunarodno znadajnih stani$ta na podrugju NP Skadarsko jezero

Dodatne informacije:
2001. —dobitnik plakete “Najbolji student Univerziteta Crne Gore u oblasti prirodnih nauka’™

Clanstvo u profesionalnim grupama: [UCN Species Survival Commission, International
Association for vegetation Science

Petrovi¢ D. & Pulevi¢ V.:Botanical Exploration in Crminica Area — Inheritance and Future, Compilation of Contributions
to the Sympostum héld in Vir (12-13 July. 2002}, Vi'rpazar, 2002
Petrovié D.: Analyses of Mountain Sutorman Flora (Master's Thesis), Faculty of Biclogy, Belgrade, 2003,

Petrovi¢ D.. Chenopodium muItifdum & Medicaga Carstiensis two new species for the: flora of Mcntenegro Third
International Balkan Botanical Congress (Sarajevo), 2003

Stesevié D. & Petrovié D.: Rare, Endangered and Protected Plants of Mountain Bjelasica, Depart, Biol. Univers.
Monten. - Centre Biodivers. Montenenegro (F’odgorica) Monogr. .1, 2003,

Vuksanovié §. & Petrovit D.: In spite-of Prevailing Opinion to the Contrary - Kickxia cirrhosa (L. 3 Fritisch Grows an
the Balkan Peninsula, XI OPTIMA Meéting; (BeIgrade) 2004,

Petrovié D.:-A Contribution to-Knowledg_e'of the Mounfain Sutorman Flora, 1%t
Symposium of Montenegrin Ecologists, (Tivat) 2004.

Petrovié D. & Vuksanovié S.: A contribution to the Knowledge of District of Ulcinj Flora, st Symposium of Montenegrin
Ecologists, (Tivat) 2004,

Petravi¢, D.: {PAs in Mohtenegro. in: Andérson, 8., Kusik, T., Radford, E. (Eds) Importarit Plant Areas in. Central and
Eastern Europe — Priority Sites for Plant Canservation; 74 — 75 Plantiife’ International, UK. 2005;



Petrovi¢ D, Vuksanovié $., B:ozovié_"M.: _Cyprfpedium calceolus L. - New findirg. in Montenegro. Il international
Sympoesium of the Ecologists of the Republic.of Montenegro, (Kotor) 2006,

Petrovié D, Ojdani¢ M, Malidzan D: Bilogy for 8" grade of elementary school, 2007. Agency for books, Ministery of
Education and Science.

Malidzan, D., Petrovié; D., Ojdani¢, M.,: Workbook for Bilogy for 8" grade. of elementary schoe!, 2007. Agency for
books, anstery of Educatlon and Sc:ence

Petrovig, D. IPAs in Martenegre 2 progress report, 5% European Conference .on the-Conservation of Wild Plants in
Europe. {Cluj Napoca) 2007, Romania.

Vuksanovit S, Petrovié D: The flora and vegetation of Salt works in Ulcinj. Natura Montenegrina 6, (Podgoiica) 2007.

Petrovié D, Malidzan D: Bilogy for 9 grade of elementary school, 2008, Agency for books_. Ministery of Education and
Science,

MalidzZan, D., Petrovi¢, D.: Workbook for Bilogy for 9 grade of elementary school, 2008. Agency for books, Ministery
of Education and Science.

Petrovi¢, D, Stesevi¢, D, Vuksanovic, S: Materials for the Red. Book of Montenegro: Natura Montenegrina 7;
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Rodena sam 16.07.1976. godine u Titogradu, gdje sam zavrsila osnovnu Skolu »Savo Pejanovic« i
srednju skolu glmnazqu »Slobodan Skerovice.

PODACI O VISOKXOM OBRAZOVAN]JU

Skolske 1994/95 godine upisala sam' studije Biologije na Priredno-matematickom fakulteru u
Podgorici, gdje sam. diplomirala ‘6. 10. 1998. godinie sa prosjechom ocjenont 9,45 i stekla z»an]e--
diplomirani bielog. o

Poslijediplomske studije upisald sam $kolske 1998/99. godine na Bioloskom fakultera Univerziteta
u Beogradu- (smyjer: I*I\ologlja 1 geografija biljaka) i zavriila ih sa prosje¢nom ocjenom 10. Magistarsku
tezu pod nazivem: “Flora kraskih polja u Piperskom kraju Crne Gore” odbrarila sam 15. 03, 2001.
podine 1 stekla zvanje magistra bioloskih nauka.

Doktorsku disertaciju pod nazivom: “Fkoloka-firogeografska analiza flore Sireg urbanog
podrudja Podgorlce odbranila sam 24. 06, 2009, godine, na Biolo$koni fakultetu Univerziteta u
Beo&mdu i stekla zvanje doktora bioloskih nauka. RjeSenje o priznavanju- Uvjerenja o stedenom
nauénom stepeniu Doktora bioloskih nauka izdato'mi je od strane Ministarstvo Nauke i Prosviete 26.
10. 2009. godine.

PODACI O RADNIM MJESTIMA I IZBORIMA U AKADEMSKA ZVANJA

Od 1999, godine zasnovala sam.radni odnos- na Prirodno-matemati¢kom fakidtetu u Podgorici
(Studijski program 'Biologi}a) gdje sam januara- 1999. godine izabrana u zvanje asistenta. U toku svog
desetogodisnjeg staza Asistirala sam u laboratorijskim viezbama na predmetma: Awatomija biljaka,
Ekologija bifjuka; Ekologija Zivotinja, Sistematifa i filogenija visih bij jaa(za. Limnologija, Sistematikea ! filogenija nigih
biljaka, Biolggija miora, Botanikaena akademskim studijskim programima Biljna proizvodnja | Farmacija,

Zvanje docenta na Prirodno-matematickom fakultetu u Podgorici (predmeti Sistomatika ¢
filogenija visih bifjaka: I 11, na studijskom programu Biologija i Botanika, na studijskom programu Biljna
proizvodnja) stekla sam 27.05.2010. godine, Skolskih 2010/2011 i 2011/2012. godine bila isam
angazovana kao predava¢ Botanike na Farmaceutskom fakultews. Od Skolske 2012/2013 drzim dio
ptedavanja iz “Bioloskih zbitki” koje se 51u§aji1 na specijalisti¢kim studjjama, na studisjkom programu
Biologija. Od izbora u zvanje docenta, nasravila sam da drzim viezbe na predmetima Sistemratika i filogenija
vifih bifjaka 1111, na studijskom programu Biologija.

Zavanje vantednog pmfesom na Prirodno-matemati¢kom fakultetu u Podgorici (predmeti
Sisterpatika i filogenija visih biljaka 1 i IL, na _studijskom programu Biologija 1 Beanika, na studijskom
programiu Bilina proizvodnja) stekla sam 24.06,2015. godine..
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