Editorial for EJEL Volume 15 Issue 3

This EJEL issue represents a selection of nine pdmeysd on highly interesig work which discusses
conceptual advances in many different branchesedéarning. A panel of reviewers and the two editors
recommended the seven papers in this EJEL issue.

In the paperHow note-taking instruction changes student's @eflons upon their learning activity during a
blended learning courséinoru Nakayama, Kouichi Mutsuura and Hiroh Yamamoto foouthe metrics of
self-efficacy and self-assessment when examining fifectveness of note-taking instruction on emotional
aspects of participants during a blended learningrse. The participant's emisnal and cognitive changes
were examined by the causal analySike authors show that note-takingtadgties significantly stimulated the
level of self-efficacy and self-assessmwhen the lecturer's instructionsvere able to improve note-taking
skills factor scores during the course.

The paperSecuring trust, roles and communication in e-advigifigrs an interesting look on advising in the
written on-line communication. Ole Jgrgen S. RanglunditArDanielsen, Linda Kignig and Tone Vold focus on
the question if and how advising sessions in thelina-environment can keep the important feature of
advising sessions — the trust betwetire student and the advisor arscurity of the communication.

In the paperModel of higher GIS educatioimrich Jakab, Michal Sék and Henrich GreZzo focus on geospatial
data processing in in Environmental Science at Master’s degpleeation. They consider it in the Inquiry
based learning framework. They show a model that sugpstudent’s motivation to learn, offers increased
efficiency of education processid helps to improve pregration of students for their profession.

Cultural content of online electronic matelsas the topic of Hana Moraova’s contributibo authors of online
electronic materials for teaching matmatics use their potential to use non-stereotypical cultgegtings?
The author analyzes materials developed by Czech ineseteachers of mathematics for smartboards. She
focuses on word problems and their cultural settings. the paper, the author looks for the answer to the
following question: How innovative electronic materiale as far as their cultural, non-mathematical content
is concerned?

In the papefTeaching aids and work with models in e-learning envitents Katekha Jana kova and Antonin
Jana Xk pay attention to the question of use of models in teiaghand learning and the pros and cons brought
into this important domain by the using ICT. The termdelds characterized very broadly so that it fits with
different age levels of pupils. The attention is paid mkiig models and real objects, one of important issues
for successful use of models. The authors point tatt the methodology for working with models in ICT
environment is not a part of future teachers” curricula. Tise of models in mathematics and biology is in the
focus of the paper.

In the paperGeoGebra materials for LMS Moodle focused on Mongggiron, V'ra Ferdianova introduces
interactive materials for Monge pregtion, which are implemented intbMS Moodle, and shows results of a
pilot research of influence of using these materialsstudents. The author created a collection of examples
for Monge projection. Each example contains task, dpson of the construction, drawing, paper model and
anaglyph version. Data from pilot testing showing thatdents” results wén using this material were about
8% better in comparison to standard approach.

In the paper Technology-capable teachers transitioning technology-challenged schoplfaiza Derbel
presents a study of the situation of five teachers whok part in The Tech Age Teacher Project (TATP) in
2014. The question is, how the experiences from thentngj during the projects could be transformed back to
the schools and day-to-day practice. The completion gf@urse is always only a first step towards proficient
use of software, technigues or approaches.

We wish you an interesting read of the papers.

Jarmila Novotna and Antonin Jaa ik
Charles UniversityPrague, Czech Republic
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Abstract: The metrics of self efficacy and self assessment wergeged and analysed in order to examine the
effectiveness of note taking instruction on emotional adgeaf participants during a blended learning course. THanges

of emotional aspects due to student'mdividual characteristics were also aysgd. Participants were surveyed twice
during the course, using the metrics mentioned above, #mdr emotional and cognitive changes were evaluated. The
number of valid participants was 54. Scores of metrics betwthe two surveys were compared. Though most sctoes
self-efficacy and self assessment decreased, this stggeatparticipants recognised their actual learning situation well.
The relationship between the metrics and student's charast®s was examined. To illustrate participant's emotional and
cognitive changes, causal analysis was introduced. Theoredhtps between scores for self-efficacy and self evalnatio
the two surveys were analysed and compared. Also, the impRizmprovements in note-taking skills on changes in-self
efficacy and self-evaluation were examined using cawsallyses. These results shatvat note-taking activities
significantly stimulated the level of self-efficacy and-sskessment when the lecturer's instations were able to improve
note-taking skills factor scores during the course.

Keywords:Note-taking, reflection, self-efficacy, student'sachcteristics, correlation alysis, causal analysis

1. Introduction

With the growth of various types of learning whicheusformation communication technology (ICT), a wide
range of educational styles such flipped classrooms and active learning have also beerldped, using
open educational resources (OERs)d social media (Hill, 2012). Though these educationaésstgre
important current topics of study, emuragement of the student’s learninactivity is still a key issue. This
issue is often described as "self-regulated learnin@L)&intrich, 2004). Learning progress can be evaluated
using empirical descriptions such as surdaya from student's self reflections.

In addition to this topic, the relationships between stutfs emotional factors and their learning activity or
performance are often studied and discussed (Sierdnal,e2009, Papaioannou et al, 2012). Recently, the
effect of participant's emotional factors in the onlitearning environment has aldeeen discussed (Cascio,
Botta and Anzaldi, 2013).

Another conventional learning activity is note taking. Ntking contributes to student's learning activity and
their learning achievement (Kiewrd,989, Nye et al, 1984). As notekiiag activity affects responses to
guestions about student's reflections auddition to affecting their learnig performance (Nakayama, Mutsuura
and Yamamoto, 2016a, 2016b), instructions regardinte rteking activity shouldoe given carefully. The
relationships between student's emotional factors and theiarhing performance are illustrated as causal
models (Mega, Ronconi and De Beni, 2014, Nakayama, Nuatsand Yamamoto, 2016b). As mentioned
above, note taking instruction asfarm of learning support for participants of a course magaurage their
responses to questions about self reflection beydhd development of their note taking skillEhe progress
of the effect of giving instructims on development of note taking skills should be exaahiim detail.

The purpose of this paper is to examithe progress of participant's dele@ment of emotional factors during
a blended learning course after note taking instian has been introduced. The following topics are
addressed:
1. Changes in participant's self efficy and reflection during a blended learning courséctvincludes
note taking instructions are measured.
2. The dependencies of the changessiadent's characteristics are @xined using simple correlation
analysis.
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3. The transformation of causal relationships been participant's self feections and how these
characteristics affect each other are examined.

2. Method

2.1 Blended learning course

The course "Information System Network", a Bachelorllevedit course which consists of 15 weeks of face-
to-face sessions, was selected foethurvey (Nakayama Muwara and Yamamoto, 2016a, 2016b). Since this
was a blended learning course, online test assignmentsewgiven to partipants using a learning
management system (LMS). The lecturer asked all participantaki® more detailed notes during course
sessions and to present their notes for the evaluatibhe students were encouraged improve their note
taking activity, and instructions were then given twigring the course, once early in the course and again at
the midpoint.

2.2 Student's characteristics

Various characteristics of partigipts have been analysed by the authors (Nakayama, Mutsuura and
Yamamoto, 2016a, 2016b), and these metrics are alsegeadvin this experiment. In particular, information
literacy and note taking skills are focused on, in orte observe contributiondo changes in student's
learning.

Student's personalities are measureding a construct of the Internatioh&ersonality Item Pool inventory
(IPIP, 2001). The scores of Big 5 personality faotan be calculated such a&¥xtroversion” (IPIP1),
““Agreeableness” (IPIP2), “"Conscientiousness" (IPIR8&)yroticism" (IPIP4) andOpenness to Experience"
(IPIP5).

Information literacy is measured using a developed itwgn (Fujii, 2007), with two factor scores which
measure skills (IL-1) and attitudes toward information literdty?2) being calculated. Note-taking skills are also
surveyed using a questionnaire developed for the eikpent. The skills surveyed consist of the following
three factors, NT-F1: Recognising nééking functions, NT-F2: Methodgy of utilising notes, and NT-F3:
Presentation of notes.

In addition, student's learning experience is measumusing questions developed for a previous study.
(Nakayama, Mutsuura and Yamamoto, 2016a, 2016b). éMaikiation consisted of 10 question items scored
using a 5-point Likart scale and thrieestors: Factor 1 (LE-F1) -Overall evaluation of theamlng experience,
Factor 2 (LE-F2) -Learning habits, and Factor F3LH-earning strategies (Nakayama, Yamamoto and
Santiago, 2007).

2.3 Participant's reflections

To evaluate changes in participant's emotional factors, twddkiof surveys were conducted during the course.
The first one is a measure of self efficacy which wagld@ed by Pintrich and Goot (1990) and is frequently
used for assessing participant's emotions. The other emsists of participans self reflections, on topics such
as their level of satisfaction. Partiaipt's self directed effort and the Beassessment of the degree of their
effort are also measured. Self satisfaction and study howdraguently included in these course assessments
(Nakayama, Mutsuura and Yamamoto, 2016b).

3. Results

3.1 Factors of self efficacy

Responses of participants to questi@ires about self efficacy in the twsurveys, such as the first mean
(Mean-F) and the second mean (Mean-S), are sumnaiiiselable 1. There are significant differences in
responses to some question items between the two susv&yompared with the fitsurvey, all means in the
second survey decreased. Particifamnay be recognising dnacting upon their own situation during the
course.
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Table 1:Question items for evaluatirgglf efficacy and a factordding matrix of two factors

Question item Factorl Factor2 Mean-F | Mean-§

3 Compared witk other students in this class I expect to do well 0.81 0.02 3.19 2.69 **
2 | I'm ceriain I can understand the contents taugnt in this course 0.79 0.08 3.72 3.07 o
8 | Compared witk other students in this class [ think I know a great deal about the subject 0.70 -0.09 2.56 2.54

9 | I know that I will be able to learn the material for this class 0.61 0.07 3.54 3.24

1 | I expect to do very well in this class 0.59 0.23 3.51 3.17 o
5 Compared witk others in this class, I think I'm a good student -0.08 0.77 3.17 3.04

8 | I am sure [ can do an excellent job on the problems and tasks essigned for this class 0.02 0.72 3.56 3.37

4 | I think Il receive & good grade in this c.ass 0.20 0.89 3.24 2.70 **
7 | My study skills are excellent compared with others in Shis class 0.15 0.44 2.70 2.63
Contributior ratio (of each factor with other factors eliminated 0.18 0,12 Inter factor corr
Contributior ratio (of each factor with other factors ignored) 0.40 0.34 r =105

To extract latent factors, factor analysis with promratation was applied to all responses in the two surveys.
As a result, two factors structures were extracted. Tdwor loading matrix and pattern are different from the
initial survey because the initial siey was conducted only once using a smaller cohort #jaka et al.
2016b). Though the structure is different, the two fac@uggest "self confidence in student's own attitude"
(SE-F1) and "self confidence in student's own lefrfebmpetence" (SE-F2). The two factors correlate with each
other, and the inter-factor correlation coefficien (s 0.60.

In regards to the results of fact@nalysis, the mean factor scores of the two surveyssarmamarised in the
top panel of Table 2. As mentioned above, the scarkshe second survey showed a decrease. There are
significant differences in the means of the first fac{BE-F1) (p<0.01), though the means of the secondrfacto
(SE-F2) remain at the same level. This means that participgytdoose some confidence in their attitude as a
result of various learning experiences.

Table 2:Question items for assessing participang¢fection and their mans in two surveys

Question Items Mean-F Mean-3 |

SE-F1 Factorl: self confidence ic student’s own attitude 3.36 2.94 **
SE-F2 Factor?: self confidence iz student’s own level of competence 3.17 2.84

1 8yllabug rezding HRead tke ay.labus of this course carefully in advance 3.468 3.07

2 Oub-of-class study Btudy out of class Zor this course 3.1z 3.29

7 Laarning hours Grada a lavel of lazrning hours for this conrse out of the class 2.9° A.00

3 Bo.f diroctod eoffort Solf nseossmont of own attitude towerds this courve 7.22 8.91

4 8e'f understanding | Self assessment of level of understanding for contents of this course 8.41 5.88

5 Self achievement Self assessment of level of achievement or this course .31 .31

] Se'f satisfackion 8Belf assassment of level of overall satisfaction for this course 7.7 8.70 *

Buld meana are based on a 10 point scale; ** p < 0.01, ¥ p < 0.05

Table 3:Matrix of correlation coefficients for responstsreflection questions following the first and the
second surveys

First Second
s b c d e £ g h i a b < d e £ g h i
a SE-F1 1.00 0.64 0.19 0.25 0.22 0.46 0.39 0.60 -0.29
b SE-F2 0.64 1.00 0.22 0.37 0.61 0.50 0.50 0.54 0.08
¢ | Syllabus reading 019 022 100 029 029 045 033 038 008
d Out-of-class study 0.25 0.37 0.29 1.00 0.47 0.26 0.22 0.18 0.35
First e | Self directed effort | 0.22 061 029 047 100 052 057 049 024
f Self understanding 0.46 0.50 0.45 0.26 0.52 1.00 0.58 0.56 0.03
g Self achievement 0.39 0.50 0.33 0.22 0.57 0.38 1.00 0.68 0.14
b | Self satisfaction 059 054 086 018 049 056 0.68 100 006
i Learning hours -0.20 0.08 0.08 0.35 0.24 0.03 0.14 0.08 1.00
a SE-F1 0.71 0.51 0.23 0.34 0.17 0.46 0.38 0.41 -0.05 1.00 0.48 0.50 0.42 0.31 0.67 0.60 0.62 0.21
b SE-F2 0.29 0.61 0.21 0.30 0.82 0.26 0.86 041 0.18 0.48 1.00 0.26 0.86 0.68 0.33 0.456 0.29 0.20
¢ | Syllabus reading 023 015 066 028 020 033 026 027 007 | 050 025 100 042 030 044 034 047 042
d Out-of-class study 0.18 0.41 0.38 0.51 0.43 0.34 0.41 0.31 0.40 0.42 0.35 0.42 1.00 0.44 0.47 0.43 0.39 0.42
Second | e | Selfdirected effort | 021 048 037 020 062 035 056 058 021 | 081 053 039 044 100 045 0.62 043 0.19
f Self understanding 0.47 0.36 0.27 0.38 0.35 0.59 0.45 0.43 0.07 0.67 0.33 0.44 0.47 0.45 1.00 0.63 0.64 0.29
1 Self achievement 0.63 0.39 0.27 0.21 0.32 0.46 0.61 0.64 0.02 0.60 0.45 0.34 0.43 0.862 0.63 1.00 0.73 0.21
b | Self satisfaction 045 022 034 018 012 050 044 053 006 | 0.62 029 047 039 043 064 073 100 0.25
i Learning hours 0.01 0.11 0.28 0.24 0.15 0.11 0.11 0.16 0.54 0.21 0.20 0.42 0.42 0.18 0.29 0.21 0.25 1.00

3.2 Changes in particignt's reflections

Responses to question items for the assessment of patnt's reflections in théwo surveys are summarised
in Table 2. The middle panel of Table 2 shows the méanthree items using a 5-point scale, and the bottom
panel shows the means for four items using a 10-peg#le. Most responses between the two surveys are
comparable, except for "self satisfaction", which desesa significantly in the seed survey (p<0.05). Some
participants might feel difficulty in learning the contsrof the course.
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Figure 1 Cluster structure of responses using correlationfiioients across reflection items in the first survey

As the responses are similar acrdbgse question items, correlation analysis was conductesbrder to
extract the structures of responses from the surveys. Tablshows correlation coefficients between
responses to question items. The ttgdt panel indicates coefficients a@® responses in the first survey, and
the bottom right panel indicates coefficients across resgens the second survey. The bottom left panel
indicates coefficients of responses between thestfiand the second survey This panel shows the
transformations in relationships across question items betwéhe twosurveys. Though thmatrices in Table

3 show many coefficients, the change in correlationdtrenships which is due toote taking instruction is
unclear.

Learning hours ——

SE-F2 —

Self directed effort——

Qut-of-class study

Syllabus reading

Self achievement —

Self satisfaction ——

SE-F1 —

Self understanding ——

Figure 2:Cluster structure of responses using correlatioefficients across reflection items in the second
survey
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Figure 3 Cluster structure of responses using correlationftoients across reflectioitems in the first and the
second surveys

To illustrate the structure of refleacin question items, a cluster analysié the distances between question
items was introduced. The correlation coefficients wieassformed into distances using the law of cosines.
Figure 1 displays a dendrogram of the results of that Burvey. For items located on the left-hand side, the
responses are similar. For itemscéted on the right-hand side or located individually, ttesponses are
independent in most cases. In regards to the questiem# from the first survey, Figure 1 shows that "Out-of-
class study", "Learning hours" and "Syllabus readingiratependent of the other question items, while "Self
achievement" and "Self satisfaction" are relatively simitaeach other. The two factors for "Self efficacy"-(SE
F1 and SE-F2) also show a close diityil each other in Figure 1.

Figure 2 shows a dendrogram of the results of the sdcsurvey. In comparison with Figure 1, most items
have shifted to the right, except for "Self achievamt and "Self satisfaction". Other items are mostly
independent, since they are distributed some distancarfreach other, as shown in Figure 2. This result
suggests that the learning process used, which indudgegte taking instruction, has had an influence on the
responses of students to the refleati questions in the second survey.

To denote relationships between reflection itemsthe first and the second surveys, a dendrogram was
created using a correlation matrix of the two surveysshewn in Figure 3. Thougtl items are equidistant,
there are two rough clusters which include two seffiaacy factors such as “SE-F1” and “SE-F2". The two
clusters may be the keys to studendstivity during the learning process in this blended légncourse. In
particular, the distance of “Learning hours” from the respes of other question items in Figures 2 and 3
indicates that it may not increase “Learning hours” sirieare are few direct contributions for this item.
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Figure 4.Correlation coefficients between personality (IPAR) reflection responses across the first (F) and
the second (S) surveys

Figure 5:Correlation coefficients betwednformation literacy (IL-1 and IL-2) and reflection resp@rseross
the first (F) and the second (S) surveys
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Figure 6:Correlation coefficients between learning experiefck) and reflection respses across the first (F)
and the second (S) surveys

In addition to the analyses mentioned above, the cidmittions of student's characteristics to reflection
responses were examined using simple correlation aisalyfe analyses determined that some characteristics
affect student's reflections during the learning process.

Figure 4 indicates changes in correlation coefficielésween scores of reflection items and personality
scores. In an analysis, there were many significaodfficients between "Conscientiousness" (IPIP3) and
"Neuroticism" (IPIP4). In Figure 4, ottie significant coefficias are illustrated. As figure shows, the factor for
"Conscientiousness" (IPIP3) correlates with many refledgtems in the first survey, and with most of them in
the second survey. All of the significant correlationthwiNeuroticism" (IPIP4) have disappeared in the second
survey.

As shown in Figure 5, the factors for information literfityl and IL-2) correlate witkflection items, with the
exception of "learning hours". These relationships remthroughout the two surveys. As the blended learning
environment requires some information literacy, the réésiconfirm the hypothesis.

Figure 6 shows the relationships between scores okctifin items and student's learning experience (LE).
Though most relationships were appaten the first survey, the factofor "learning strategy" (LE-F3) only
correlated with two factors of self-efficacy and "syllabreading” in the second survey. This confirms that
some learning experiences promote self efficacy dusituglent's learning process.

3.3 Development of note taking skills

During the course, participants were given note takingtrinctions twice, and encouraged to make better
notes. In order to determine the effeiweness of the instructions, three factecores of note taking skills from
the two surveys are compared in Table 4. All factoressancreased during the course. In particular, both NT-
F2 and NT-F3 increased significantly (p<0.01). Many ipaniks might have better learned for themselves the
methodology of note presentation and utilisation.

The development of note taking skilisay affect participant's self reflecth activity. The results of a detailed
analyses are explained in the following section.

Table 4:Changes in factor scores faote taking skills between twsurvey during the course
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3.4 Causal relationships among metrics

The previous study suggesté#ithat note taking sils promote participant's proaste learning. To confirm the
contribution of note taking skills to learning actii causal analysis was caradded. The possible causal
relationships between student's selfftections and other variables were examined using a stinat equation
modelling (SEM) technique. All parameters wereneated using AMOS softwat@oyoda, 2007), and the
validity of the models was tested using indices of theefigof the model (the GFI: Goodness of Fitting index).

Figure 7:Note taking skills affecting metrics of reflections

Figure 8:Factor scores of information litecy affecting metrics of reflections

Figure 9:Factor scores of self efficacy affecting metrics 8éotions
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The variables involved were selecteéstoy step, and a causal relationship as shown in Figuvas created.
The multiple group structural equation modelling techniquas applied to the sets of data from the first and
second surveys.

The factor score of NT-F1 (recognition of functionsaé taking) significantly affestseveral variables of self
reflection, such as "syllabus readingbut-of-class study”, and "self direxat effort". NT-F3 (presentation of
notes) significantly affects "self directed effort". Factmores of noteaking skills affect "learning hours"
which are an index of participant's proactive learning, tignificant extent. In comparing the coefficients of
the first and second surveys, the diterelationship between NT-F1 and "self directed dffds replaced by a
path via "syllabus reading", while thefluence of NT-F3 is less. As a tesfi note taking instructions, the
relationship between "syllabus reading" and "self directearning” has become enhanced.

In the causal relational analysis shown in Figure & gffiectiveness of the factors of information literacy-1IL
and IL-2) is confirmed. In comparing the coefficieofsthe two surveys,IL-1 (information literacy skills)
gradually promotes "syllabus readingind "syllabus reading" significanthffects both "self directed effort"
and "out-of-class study". Also, Figure 8 indicates thftrmation literacy promotes an increase in the number
of “learning hours”.

The relationship between self efficacy and self reflawtiis examined. A causal retatship as shown in Figure
9 indicates the two factors of self efficacy and "sefedied effort” which affect overall "self satisfaction".
There is little change in coefficients between the twoveys. The factor of self efficacy (SE-F1: self confiden
in student's own attitude) affects three variables, namedglf understanding"”, '&f achievement" and "self
satisfaction”, in the second survey.

Figure 10:Casual relationship: development of note taksidglls influencing changes in self reflections
3.5 Causal relationships across changes in survey rostri

When the values of metrics between the two surveys eompared, various differences are observed. Though
all factor scores of note taking skills increased, esdor responses regarding Iefficacy decreased, and
most self reflections between the two surveys were camgble. Therefore, an additional causal relationship
of differentials in metrics between the two surveys veaamined, as shown in Figure 10. Here, the differences
in means for the scores of the secondrvey were less than those of tlfiest survey (2nd score - 1st score).
Since the differences in the two factor scores for sdffcacy did not contribute to the other metrics, a
separate model was created for these. The differencedbath NT-F1 and NT-F3 affected some of the
differences in self reflections, such as those regaydsyllabus reading”, "self directed effort", "out-ofadls
study" and "learning hours". The degree of recogmitiof the value of note taking functions (NT-F1) and
presentation of notes (NT-F3) contributed to participanself reflection. In addition to this, both "syllabus
reading" and "self directed effort" affected the difence in "self understanding” which transformed "self
satisfaction" through "self achievement". The directidntlee arrow from "out-of-class study" to "self directed
effort" changed between Figures 7 and 8, in regards &itllex of model fitness.
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As a result, the improvement in note taking skills praatlsignificantly positive growth of participant's self
reflections during the course. These relationships mglke/s to the improvement of overall learning activity.

4. Discussion

As the results in the above section show, most scoredfith self-efftacy and self assessment decreased,
though scores for note taking skills iresed due to the note taking instructis that were given. In particular,
the first factor score for self efficacy (self confidenin student's own attitude) decreased in the second
survey. Even the score for self satisfaction decreagguifmiantly in the second survey. These points suggest
that participants gradually recognisdéhleir actual learning situation well and made additionaloeffto take
better notes during the course.

As the mean scores for reflection question items vaskghtly, the relationships leen the responses in the
first and the second surveys were compared. Thecttme of the responses were extracted using cluster
analysis which was based on a corr@atanalysis of the questioresponses. The patterns of the structures
changed between the two surveys, as shown in Figureand 2, while the response patterns show some
differences between the first and second surveys, aswhin Figure 3.

There are many factors causing changes to these stresti8ince the learning process takes place over a long
period of time, note taking instruction may be one of tfaetors. In addition to a few changes in responses
between the two surveys, note taking skillgproved during the course.

Student's characteristics, such agrsonality, information literacy andearning experience affected the
responses to reflection questions. digh the contribution of student's ehmacteristics decreases as learning
progress, some factors, such as information literatyl(l IL-2) and learning strategy (LE-F3) of learning
experience also affected the scores for reflectionttie second survey. Therefore, reflection activity and
student's characteristicshould be considered.

Two factor scores for note takirgkills (NT-F2 and NT-F3) also increasgdificantly. Participants may have
understood how to use their notes outside of the classnod herefore, the contributions of factor scores to
note taking skills for "out-of-class styidand "learning hours" increased slightly in the causalysis in Figure
7. These contributions were supported by some o€ tetudent's characteristicssuch as their level of
information literacy (IL-1, IL-2). FiguB shows various interactions between factors of studectiaracteristics
which may affect their learning behaviour.

Though the first factor score for self efficacy desesd in the second survey, the scores that represertt sel
reflection, such as "self understanding" and "self aghieent", increased. Changes of scores in metrics were
observed and these scores affected other metrics thtowgusal relationships. As result, another causal
relationship was created using changesrietrics, in order to show the spad of changes to metrics in Figure
10. As all coefficients are positive, improvement in niaténg skills due to the lecturer's instructions affected
most of the differentials of student's self reflections.

These results also confirm that note taking activitpdarces better responses to gstions about participant's
reflections except for those reflecting scores of gdffcacy. The results mean that note taking activity affects
participant's emotional factors.

The development of an improved prabére for evaluating all emotional factrincluding self efficacy, will be
a subject for our further study.

5. Conclusion

This paper examined the progress of developmentasfipipant's emotional factors during a blended learning
course to which note taking instetion was introduced. Emotional fac&r including selfefficacy, were
measured twice during the course using a set of goesiaires. The results of the two surveys were then
compared.

Statistical analysis producele following results.
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1. Changes in scores for self efficacy and reflection wasasured during the course. Though
most of these scores remained tite same level during the cae, significant changes in note
taking skill factor scores betweehe two survey were identified.

2. The dependencies of the changes in student'arabteristics were alsexamined. Although the
contributions of most factors decreased during the ceuyrinformation literacy and student's
learning experience positively affectdioe results of second survey.

3. The causal relationships between reflection ieand information literacy were examined, and the
effectiveness of note-takingstruction are discussed.

This paper mainly discusseshd analysed responses to surveys whied reflection questions to assess
student's learning activities, such as note takiagd learning performance. The examination of the
relationships between responses to reflection questiond &arning activities will ba subject of our further
study.
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Abstract: Students claim to learn a lot from adiig and feedback on assignments. This is one of thdtseis a survey
amongst students at The Inland Norwayivgmsity of Applied Sciences. Traditionally, advis;gnainly a face-to-face
activity. However, with an increasing nber of courses offered online, it igrely to discuss how to conduct advising
sessions online and using an online medium. The megdtatweenthe student and advisor contains a number of factors;
for example: eye contact, tone of voice and facial mirMeany subtle features establish the relationship between the
advisor and student. The student needs to communicate tssigmment and to trust the advisor, at the other hand the
advisor needs to be reassured that the student understand trust the feedback. This paper discusses how written
advising sessions can be undertakeringsan online medium, and still maintathe roles, the trust and secure the
communication.

Keywords:e-advising, reflection, reflective practitioners, trustngpetency

1. Introduction

E-learning is not something new, but accelerate indays because of drivers like technological advancements
and demand from the learners. E-learning is been offdrg many institutions in gher education in Norway,
also at The Inland University of Ajgal Science, where it is offered a variety of onlgtedies. Some of the
studies are delivered as e-learning only and othersrete and seminar based, and these courses differ from
on campus education by the lack pifiysical meetings. With the way ttanline courses are organized, it is
possible to stay at home, at work or whichever platte learn. There is an ever expanding marked for e-
learning and online education and the number of cosrsad studies offered as online or net- and seminar
based are increasing in number. This will @bly continue in the next few years.

With the increasing demand from the market, we haeersthe emergence of various forms of e-learning like
for example MOOC'’s (Massive Openi@nCourses). Howevethe dropout rate is quite substantial in these
courses — sometimes up to 70% (Hone & El Said, 20héje has been several studies on MOOC retention.
Hone and El Said (2016) refer to research showing thalestis that had prior experience with MOOCs had a
higher retention rate. Age and level of education had aledmpact; the older and more educated, the higher
retention rate. This suggests that motivation for jioig the course may have something to do with it.

Eom and Ashill (2016) claim that courdesign, instructor, and dialogue are the strongest predgiaf user
satisfaction and learning outcomeshis means that the design of the cearshould be focusing on adapting
the course material, structure and content to suit anline situation. The options for contact and dialogue,
where advising on student assignments and thesis is an rigapofactor, and students rank this very high
(Kjeldsen, 2006), with thetudents also need careful attention, anide instructor must train in delivering
education in the online media. This paper particularly ®an the istructor and the written counselling
dialogue between instructor and student in net and semibased e-learning.

2. Background on advising

The advising session have different phases. Firsttliteidoeginner phase (introduicin), the personal phase,
and the equality phase (Pettersen &kke, 2004). Here the role of thadvisor in more of an instructor,
meaning that the advisor in this phase is the one that tree knowledge to share. However, it is important to
empower the students so they can make their own cheioks Ausubel says, quoted in Pettersen and Lakke
(2004): “...the most important singlectar influencing learning is what ¢hlearner already knows. Ascertain
this and teach him accordingly”. The second phase isrevione develops a learning alliance between “the
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partners” (the learner and the advisor) which symbolittes symmetrical relationsp that has now developed
(Pettersen & Lagkke, 2004). The advisor explores wiastudent presents, and challenges the opinions and
perceptions of the student. The third phase is the cotaivie phase. Here the student has acquired
knowledge and feels empowered to defend his or henawvork as a student.

Going from on campus to online learning the chamgemedia has posed some different issues regarding
advising. Bolter call this a “remediation” which he define

We might call each such shift a "reqliation,” in the sense that a newer medium takes the placaro
older, borrowing and reorganizing the characteristicsvafing in the older medium and reforming its
cultural space (Bolter, 2001).

In an online medium, the body language will be a lotrenabsent than in face-to-face advising. It is thus
important to take the other issues into considerati@uch as organization and the interrelationship between
advisor and student. It may also be important to be specifit @ear about what the student can expect from
the advising sessions and stick to that. This may alsodaataof the establishing of trust, based on previous
experiences. The students working online seems toddglly on the curriculum. They are in our experience
not interested in discussing issues thatot within the scope of the assigent. This is supported by Peltier,
Drago and Schibrowsky (2003). When supervise in writing via the intee, we cannot rely on any of the
nonverbal communication. Sometimes we spend a lot of tiamgl effort in working on formulations and
language in order to adapt it as well as possible far #udents to perceive it as best as possible. It is,
however, difficult to adjust and adapt when one receives information from the body language. When
conveying an attitude and focus it is important thaetBtudent understand and take it in. To show that the
student has our respect and we are interested in their agsigmt is important to esthlish the needed level of
trust and understanding. Deprived froaye contact, facial mimic and othphysical expressions, it is difficult
to communicate interest and attention. It is about esliahing trust and respect botways in the relation, and
when these important factors (like bly language, facial mimic, etc.)eamissing, the languge and tone of
voice is the only substitute, except asynchronous advising such aseimails where the language, use of
words and expressions are the only ways of establisthiegelation. In any advising relation, it is important
that the student should be able topenly express thoughts and ideas aado be susceptible for our advice
and comments (Pettersen & Lakke, 2004).

Verbal dialogue can be divided in five categoriesciadointeraction, procedural interaction, expository
interaction, explanatory interaction, and in-depth interacti@Offir, Lev, Lev, Barth, & Shteinbok, 2004). Offir
et al (2004) used these different tegories of dialogue aa framework for analysis, but they also work as
descriptions of dialogue that can be used withiretBcope of distance edudah and e-advising. Social
interaction establishes the social relation in the talaship. Procedural interaction is about clarifying the
objective and requirements of a course or the assignmErpository interaction iabout subjectcontent and
can be about establishing level of knowledge aboutyatfie student) chosen subjedExplanatory interaction
can be used in the phase were the advising is on stugdesmtrk, modifications to work submitted to advisor,
e.g. In-depth interaction is where the advisor “challehghe students in order to promote reflections and
alternative views and ideas thatilhagain enhance the assignment.

We also want our students to become what Schon referas “reflective practitioners” (Schoén, 1987, 1991). It
is thus important to facilitate for these reflections. Wéan do this by making the students write reflective
journals (Bassot, 2013; Moon, 2004, 2006). We can dies them feedback on these journals. However,
giving feedback on these journals can be a challengeeifh@s not experienced writing such reflective journals
themselves. The journals may not only be in writeugd by email or posted in a forum in a Learning
Management System. They may be recordings thatstiuelents present as streaming video for all (including
fellow students) or just to the lecturer.

The physical distance is also dissed by Moore and his theory on Tsactional Distance (Moore, 1997).
Transactional Distance Theory (TDT) is definéd asychological and communications space to be

crossed, a space of potential misunderstanding betw#en inputs of instructor and those of the learner"
(Keegan, 1993). The TDT is a function of three key Vesidlstructure,” "dialogué,and "learner autonomy."
They are defined by Moore in Keegan (1993) as:
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A dialogue is purposeful, constructive and valued loh gearty. Each party in a dialogue is a respectful
and active listener; each is a contributor, andildsi on the contributions of the other party or
parties.... The direction of a dialogue in an ettional relationship is towards the improved
understanding of the student (p. 24). Structure esges the rigidity or flexibility of the program's
educational objectives, teaching stegies, and evaluation methods It describes the extenthiwhvan
educational program can accommodate or be respans$o each learner's individual needs (p. 26).
Learner autonomy is the extent to which in the teachingfi@ay relationship, it is the learner rather
than the teacher who determines the goals, the téag experiences, and the evaluation decisions of
the learning program (p. 31).

One of the points stated in the TDis that increased dialogue redugc¢he transactional distance. Also
increased structure reduces dialogue and increases €Bdr@ing to Moore in Keegan (1993). Paul Gorsky and
Avner Caspi (2005)iscuss TDT and points to research thahesitant towards TDT and that show that the
theory is not applicable to all different types of e-legng. They refer to research that does not always comfir
Moore’s theory. For this paper, thergtture is limited to thenumber of advising sessiotisat is scheduled for
the particular assignments and what is available to the stusl either via email frorthe advisor, in a Learning
Management System or other internet resources (e.gvéehsity web page). Regarding learner autonomy, it is
expected that there is a certain level of autonomggarding choosing e-learningither than on-campus-
education, although this is also tied to other parametstgh as physical distante campus, work and life
situation, finances, to mention a few.

Wegerif in Bender (2012) also claims that social dimewssimve an impact on the transactional distance. If
one is not a part of a social network, or otherwise feé out, this will interfere wih the students’ self-esteem
and interfere with the dialogue with the students. Reverdahe students feel like a part of a group or social
network, the dialogue will be positively different regang the advisor-student relationship. According to
Wegerif, the students belonging to a social groupezignced feedback and dialogue with the teacher/advisor
as motivating, and the students that felt excluded evipeced this dialogue as “cold and remote” (p. 11)isTh
suggests that to avoid TD due to safie in an online environment, somers@f group activities should be
undertaken.

Moore do not consider the competency of the advisohia works. The students need to be confident about
the competency of the advisor. This may be the miosportant factor, particularly for the older, more
experienced students. They are in our experience nspedfic about their needs, eveif they as a group also
need to get the establishing of uénes regarding how and when thadvising is to be undertaken. The
competency of the advisor can be viewed as in Skdlrisingle of competency” (Skau, 2002). The advisors
theoretical knowledge, which is competency attaingdrough traditional education and the personal
competency, which is about who you are as a personh@yg.you interact with a person and the work specific
skills, skills obtained through ¢hexecution of the work, are important w&h securing the trust of the students.
The advisor should have skills on the aogawhich she or he advise the studeOne work specific skill is also
to listen.In order to understand the needs of the student and to m#ie student also feeseenor heardcan

be viewed as a skill (Ranglund, 2012a). Using actieailigf, which is about ones total communication — both
verbal, para — and nonverbal, the advisor can show the stutteitone is paying attention and de facto hear
what the student is putting forward. The competenagquired through of the advisor is about handling the
communication also in an online medium. To be abledmmunicate also in this medium in a way that will
establish the cooperation that thisrelationship” needs is importantThe work specificskills also say
something about the advisors skills regarding communicatiatifferent media. They not only need to master
the face-to-face (also in classrooms and auditoriums) on canaglvising, but also be able to be to the point
and show theoretical skills in an online medium. Théedtht media will also require different communication
skills. The different media need difésmt approaches regamg communication. If iis about using a video-
based medium, such as Skype, it isgible to add mimic and body languagea certain extent. In emails and
other asynchronous media, this is not possible. It is imortant to be able to express oneself in such a way
that they are able to understand and be encouraged to follow #uwice. This is confirmed in a study at
Universitas Terbuka (Suciati, 2011).
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Figure 1.The triangle of competencyranslated from Skau (2002)

In advising, it is very important to both listen ankagiestions. In “Truth and Method”, Hans-Georg Gadamer
claims that we need to deepen our understanding of theunatof the question. We make no experiences
without actively asking. When we acknowledge that aeca different to what we first assumed, we must
apparently have asked ourselves if it is like this @ that (Gadamer, 2010, p. 82 It is in other words via
guestions we can revise our understanding. It is guestionthat is the basis and leaih the recognition of
that a case seems different than we first thought, and thiies the question precedence. Gadamer wants us
to place open questions. However, the openness is rititaut boundaries as it is limited by the horizon of
the question and the answer is not defined. The questiast be afloat, not to determine, but rather be
tested in the meeting with argument3.he verdict defines and closes tb&se, Gadamer (2010, p. 327) claims,
adding that it will also contribute towards the balangiof pro and counter argunmés. All genuine questions
must have this openness. If the question does not hidm® openness, it is a falguestion without a genuine
intent. To determine the question is the road to knowimgcording to Gadamer (2010, p. 328). It is through
the answers to our questions that the preconditions éar preconceptions and our biases are tested. Through
dialogue with questions and answers, one must artiund take up ones theme again for reflecting about
one’s own preconceptions and prejudices, something thay revise our understanding.

Clarity and eliminating misunderstandings are also irgu. In a simple version of a communication model,
noise and “interference” is what may be obstructing thatmal understanding of a message.

W
Sender S
< L\/Ngiie\, \g

Receiver

A

Figure 2:The simple communication model

Noise can be for example different cultures, differexgfe groups and gender, and the channel in which the
communication takes place (Dahl, Habert, & Dybvig, 200k important to reduce noise as much as possible,
but it is equally important to establish what the noisensists of. In his bookTruth and Method» (2010)
Gadamer believed that one had to choose either truth or meth@dendelson, 1979). This gives also the
reason to ask about what we are looking for. Are mvestly interested in showim off methodical skills, and
ability to conduct interviews followig procedures and techniques, cirmaybe even obtaining collegial
confirmation? In spite of following correct proceduresgethods and techniques, dee get the right answers?
How sure can we be of obtainitige truth?

To “see” someone is not only to vidlyasee someone, but it is also alilainderstanding and recognition. We
are experts on our own way of life, but very oftemastgers when meeting otherd'he philosopher Martin
Buber, who was interested in promoting authentic t@aships in which communicators would “turn toward”
each other to truly appreciate the value offered byethother” (Raelin, 2012) claims in his book «I -Thou»
(1992) about the relationship between people and timportance of dialogue to create an «l — Thou»-
relationship between persons. The-=Ithou» (M. Buber, 2013) relatiship means that we relate tihe other
person as a subject, and not as a giegl thing or object. Within first-lemwork this meeting is often called the
“moment of truth” (Normann 2000). In this meeting it is mairdpout starting a dialogue with@istomeror a
userto create a “me — you” relationship where the coister or user is viewed as a subject. This is also
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important in the meeting with scholars. “The momenttnfth” is more than a social situation with a function,
meaning that we want to achieve something within timeeting and the frame of “the moment of truth”. It is
also a personal meeting where one seeks to understandother person via the conversation and body
language. Often the employed and the users meet inrtitution that also represents a set of governing
structures and power relations (Johnsen, 2005). Thstsectures will have an ipact on and influence the
meeting and interaction. The understanding for how th&ernal and external factrs influence the meeting,
and reflection on these questions is very importantniany ways, and especiallyvhen structuring net and
seminar based courses. For example, not to see theroperson as an individual can be experienced as
alienation and create a distance. This distam@mnifests through the difference of a talkimgth someone and
talkingto someone, and it is important to try overcominggtdistance in net and seminar based education. In
a dialogue, it is easier to understand, recognize and retspbat the other person wants, but it is important to
be sensitive because it may occur that one notices that loas been more concerned about presenting one’s
own points rather than listening to the other persoffhis mean that one hasot been present in the
conversation, listening and evaluatitige arguments of the conversationphrtner. This makes it harder to
understand the other person. Gadamer (2013) underlines ithportance of obtaining understanding. For
instance, sometimes the dialogue or conversatioad® towards a defensive attitude. That means that
openness and attentiveness towards the other person is lIbf.too easy to be defensive, and it is not always
easy to see what is happening, and instead defend oneis ihinking and practicing. In a monologue, the
feedback is missing and that diminishes the opportiesitfor the same understanding. It is also easier to
alienate and create a distance, which in the next turgirhicreate and increase a conflict. It might also be a
point to askwhy we meet andwhy we have a conversation. Is it wonfirm one’s own assumptions and
conceptions or are we opening up to understand what is lesyipy and let the other person’s horizon be
apparent? Hence, it seems that it is important to pay attentoour own relational contribution.

3. Discussion

To listen and understand the require aids the procesprofiding what the studemeeds. Often when one is
advising on a topic of special interest, it can be diffinot to impose one’s own values and knowledge on the
student. This may obstruct the learning process as tlielesit may feel that it is no longer one’s own work
(Ranglund, 2012a). It may also lead to confusionthitdis obstructive towards a learning process (Kember et
al., 1999).

Predictability is also important. Light (2003) states tmportance of having meetings on a regular basis as
this:”... provide the positive growth experiences for snid that enable them to identify their goals and
talents and learn how to put them to use. The caring attitudecalfege personnel is viewed as the most
potent retention force on a campus.” Herbert (2008pims this also apply to e-learning. Regulated and
predictable contact with faculty staff, included their atter@iess to students needs are rated high with
regards to contribute to student retention and student sadistion.

Another point to take into consideration is the studenflearners) communication skills. Just as the advisor
should be able to communicate to the students, tsieidents’ ability to communicate is also important. To
explain this further, it is e.g. important to be supportigad keep a balance between positive and negative
feedback. The feedback also needs to be very spegifet constructive. Even if the students may use an
impropriate language, it is importanihat the advisor stick to a more formal language. There iwewer, a
difference between sticking to a formal languagetba one hand and bridging the gap between the advisor
and student. Lgkensgaard Hoel (2001) saw the importasfcadding typing mistakes in order to lower the
level of communicating with the students. Her experienaeere that if she were correct and very formal, she
would get little questions or other feedback. If she “@dkup” on the students mistakes, it made the
threshold lower for the students and they wengore interested in sending her emails.

The difference in media will affect the communicati®@ometimes the media is given for the course and one
just have to adjust accordingly.i#t thus important that the faculty stehave skills and competency in advising
in the different media that it is possible to adviee The media may be syndmous and allow for video
stream, but it may also be asynchronous and regudifferent approaches than using mimic and facial
expressions as one can in a video stream.
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It is also recommended to view the student’s background eada proper search on one’s audience is also
recommended. This target group investigation may be welfth. Morris and Finnegan (2009) claim that first
year students and first timers are the most likely togrout. They will thus need extra attention as opposed
to the more experienced students that have undertakamine courses earlier without dropping out. This is
also confirmed in other studies presented by Hone Bh&aid (2016).

Not only the background, but also the other charactcs like which “generationthey “belong to”. For
instance, members of the different “generations” may hadifferent needs and different approaches to
advising. The previously mentioned “nexters” arengelly “multitaskers” and many of them browse
newspapers, Facebook and other social media all whikedlass and lecturing (Ckng, Kurtz, Prendeville, &
Walt, 2003).

Clarity regarding media in use, what can be expecteayhait time they can expect it is vital. To be perfectly
open and predictable regarding whea expect feedback, what type déedback, in what media, etc., will
contribute towards the trustworthiness in the relatiship between the advisor and student. This applies to
ordinary on campus education, too, but is even more iniggat when the students have no way of showing up
“at your office door” (Ranglund, 2012b). This requipdenning and a bit of organizing in beforehand prior to
the start of the course or study (Eom & Ashill, 2016; éniiermeno & Aleman De La Garza, 2016; Hone & El
Said, 2016; Suciati, 2011).

Teaching and supporting the advisors is important. Thesadvineed to experience how net and seminar
based courses “works” in order to fully understand aainply the situation before him or her. It is a very
different situation than thée'ordinary” face-to-face sessions on (off eif agreed) campus advising session. The
more research done on this and the more experiencehesdvisor gets it is important to share this knowledge
and distribute amongst peers. Also to facilitate for refilee not only with the studats but also with one self,

is important. Sharing experience andalect with peers is necessary inder to learn more (Wenger, 1998).

Gadamer (2010) has helped us to acknowledge this. Mexy&adamer’s precondition is that the dialogue is
between to equal partners. Habermas critizised Gadamer foorigg the power that can be displayed
between the partners (Habermas in, Laegreid, Skorgen, &ij&§p01).

A power distance can be displayed in different wdy#t, one empirical example nyabe the Danish social
scientist Lars Uggerhgj (1996, RglkegeHanssen, 2002), who in a studyless privileged families, the social
workers were clear about knowing what would be the bedtad not being susceptible to the arguments and
viewpoints of the clients. The social workers expectiqdt the clients followed their advice and had little
mercy for the ones that did not follogheir advice. The families (the clients) however, wante@xplain their
version and understanding of the situation. This was notrevetsation according to Gadamers principles. This
is important to remember in the context of advising statle Do we subconscioushxpect the students to be
inferior to us due to our academic rank, our pogitiat the University and being a researcher? It is thus
important to keep this in mind and ensure that we recogritze students input.

It is also a part of the teacher skills to supervisesuth a way that the students must find the answers
themselves or within themselves. Inhatr words should the role of advocarythis case be limited. It is easy
to give the students the “correct” answers instead of enaging them to find the answers themselves.
Referring to the levels of advising (socializing phasanileg alliance phase, consuiitze phase), this feedback
will be within the “learning alliare phase” and whilst the advisor is supporting and empamgethe student

to be more confident and trust their abilities.

Peter Fergusona senior lecturer in the Graduate Schail Education, University of Melbournesfers to a
study at “a major Australian universitgtudying teacher education. Theradusions in this study are similar to
what we have experienced ourselves; that feedback neebe positive, clear and constructive. It needs to
“guide them towards future improveent”. The positivity is to motivateral boost confidence. They also need
to recognize that the comments are coherent with the assignmehis stug also shows that the students are
willing to wait for what they consider tbe “good feedback” (Ferguson, 2011).

Regarding making the students write reflective journtis, advisors should themselves be invited to write (or
record) reflective journals themselves in order tare how this is perceived by the students. This maybe
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very personal undertaking and it puts the “trust” issuestitke. To have ones reflective journal evaluated by a
peer requires trust between the parties, not only betweetvisor and student, but also and maybe more
importantly amongst peers (Moon, 2006)

We give examples of our own feedback front own courses below, translated from Norwegian:
Example one:

«Well, many good suggestisithat [company] could implement. However, you do noerdb the textbook or
other curriculum. This means that you have very limitege of theory. | would like you to revise your
assignment and use theory and use theoreticals@ning for what you suggest in your text.”

Example two:

“This can be regarded as close to praxis, which is not bladvever, | do not see any references to the
textbooks. The descriptions, the acto@and the structure... the way | re@dit is the “GAP- model” that you
refer to, which has some substance. However, in adamic context, this is not quite adequate. What you
write about the service triangle, is ok. You have in ass@nt b some relevant points, but there is a clear lack
of couplings between theory/textbook and your wriin A statement of the GAP-model is an explanation
threat show why it is relevant to use this model, it iviany ways similar to the dic of the service triangle,
and not totally unlike Gronroos either, to put it like thdiut you do not mention this at all. You need to
incorporate more theory in the assiment, meaning that you need to gtify for the reader why you write
what you write. For example, in the start you write aboukvéee. Here you could have referred to Aasbrenn,
shown in the presentations during the lecture, and lawok® logo, and reputation contribute to create
expectations. It is more than commert@n the internet, television or nevgaper as you write. In other words
a greater usage of text and theory, better problematizargl discussion, and a tiggn coupling to theory in
general would be preferred.”

The first feedback was well received, but also commemedeing too short and that they would have liked
some elaboration. Very well received was the secoralffack, thanking for great elaborations and specific
feedback. Worth noticing with both of these exampleshiat neither contain any “very positive” feedback, the
feedback is perceived as constructive, and thus not tiegan both examples. Ideally they could have had
some more positive feedback in the beginning, if ot the content, then on appearance or other
technicalities, something that would have been more in hmi¢h the results of Ferguson (2011). Gadamer
(2013) says to lead a conversatidemands that the conversational partner do not talk past each other
Hence, the conversation must be structured as questiand answers. The art of conversation has as it most
important condition to secure that the partners follothe conversation. Gadamer (2013) further states: To
lead a conversation demand that one does not argue the othevrdand under, but rather evaluate the
statements and value the input. The conversation is thusattief trying. In real life, it can be hard to liug

to this ideal.

4. Conclusion

In other words, it is necessary to have skills on hovexpress oneself in a digital media. The medium of
communication also have constraints. If one usedaadbased synchronous medium, it is possible to uge th
body language and make use of expressions in ordeeéoif the students receive the advising as intended. In
an asynchronous medium like email or discussiorurfg it is important to establish rules for the
communication. The rules are to seeupredictability for the student ah advisor. To be clear on the
expectations are important in order to establish trust between #dvisor and student.

The most important is however the competency on th@itin question. The students need to obtain an
understanding about the level of knowledge with tlelvisor in order to trust the advices given. The
competencies the advisor in an e-learning educatioechare thus wider than in an “ordinary” on campus
situation, although this can be difficult enough.

The skills of communicating in an online medium re¢dl be practiced. Our recommendations are to let
faculty staff practice on this for to advising students online.
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4.1 Future research

We are planning a project that will develop trainipgssibilities for faculty staffhat is about to undertake
online advising. The project will algwclude establishing similar to a Community of Practiceql&aWenger,
1991) in order for the new and experienced advisormet and share experiences. The experienced advisors
(experienced in the online medium) will act as advigorghe “apprentices” — the faculty staff that is learning
about how to do advising in a new medium.

The focus will be on testing out all the different typgfsmedia, both synchronous and asynchronous, and on
communication skills as well as skill on how to mgked plans for follow up on online students in order t
make them feel taken care of and noticed.

Major emphasis will also be put on the reflecting wiikers, not only sharingnowledge and experiences.
Faculty staff will get facilitation to use methods aseefive practitioners (Schon, 1987, 1991) together with
providing feedback on their reflective notes from bathand on action.
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Abstract: The methods of geospatial data processing are beimgragally innovated, and univsities that are focused on
educating experts in Environmental Science should ¢efl@sreality with an elaborate and purpose-built modernization of
the education process, education conteiais well as learning conditions. Geqggnic Information Systems (GIS) have the
dominant role in geospal data processing.

GIS education of students in Environmeraience (ES) in master’s degree can be divided into @ approaches - to
teach about GIS and to teach with GIS. Approach “to teach @i8i is mainly focused on teaching of Landscape Spatial
Analysis with use of concrete GIS ana#fticols. Students use the tools for solyiof concrete problems. They work with
real data and methods. The spatial anéytearned can help to manage conflidfinterest within the country, and to
assess the impact of human activity on the environmedh the other hand students learn about GIS via tools and
methods in concrete GIS software. To achieve higheriafifig in teaching Landscape Spathnalysis we have created a
model of GIS education based on the idea of inquiry-bdsaching(IBL). In an effort to get closer to the approarded for
real problematic task solving, it is essential to includeess interconnected systems into the education. While thel@l
Positioning System (GPS) Web Map 8er¢WMS) and Database management systems (DBMS) present themto
geospatial data similarly as GIS, Leagrilanagement System (LMS) representslaable information source for students
as well as an instrument for commuation between teacher and students duamong the students themselves during
work on student projects. The proposed de can offer support of student’s motivation to learn, ased efficiency of
education process and improvement preparation of studentsfieir profession.

Keywords:Inquiry Based Learning, GIS educatgpatial analysis, Blended Learning

1. Introduction

Methods of acquisition, processing and visualizatiordata are constantly beingtreamlined ad updated.
Every university must keep up with these developmdatsnaintaining an innovative approach to the content
and form of their educational offerings. Adapting to the dseof professional practice can be challenging.
Science graduates are also expected to have a tdvskills in information and communications technology
(ICT). (Jakab, GreZo and $ev2016).

ICT is an umbrella term that includes any communicatienice or application including radio, television,
cellular phones, computer and netwohardware and software, satellite stgms etc, as well as the various
services and applications associateith them, such as video-conferencing and distancenliegr (Rouse,
2005). Correct usage of ICT in education can improgejthality of teaching and learning, and management in
schools, build knowledge across alkkas of the curriculum and help to td higher-order cognitive and life
skills (Livingstone, 2012; Gaible et al, 2011).

Generally, three objectives are identified for the usd@T in education: the use of ICT as an object, usually
within a specific course, the use of ICT as an aspeitdoétry and profession; and the use of ICT as a medium
for teaching and learning (PlomBrummelhuis and Rapmunti996; Drent and Meelissen, 2008).

We apply the above-mentioned three objectives for the 0§&CT in GIS education within the study program
Environmental Science (ES) at the Faculty of Natuieh&s, Constantine the Philgsweer University in Nitra.

ES is an interdisciplinary academicdjathich influences the study and practical training ofdstuts in the ES
study program. In practice, graduates of the study progare expected to manage conflicts of interest in the
country and assess the impact of human activity onviididial environmental components. Both of these tasks
require data analysis and synthesis from various scieffiglids. We have to adajihe content and method of
our teaching to equip our graduates with the necesssiils to solve these problems. They need to know all
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relevant input factors and phenomena, acquire and psscéhem efficiently, overlap them logically, subject
them to spatial analysis and synthesis and e&gd and interpret the results accurately.

Use of several close-knitted systems, the main onmd&eographic InformatioBystems (GIS), provides a
comprehensive solution to this problem. GIS is a systérhardware, software, data, people, organizations,
and institutional arrangements for coliéng, storing, analyzing, and déssinating information about areas of
the earth (Dueker and Kjerne, 1989).

Geographic information systems arpmied in land-use planning, ecosystems modellinggddaape planning
and assessment, transportation and infrastructure modelling, kaaranalysis,visual impact analysis,
watershed analysis, facility managemergal estate analysis, and manyhet areas. The use of GIS tools has
also become standard in scientific activities and @risessential part of research methodologies for the study
of phenomena that can be localized in space (Jakab, Gred&evik, 2016).

2. Teaching about GIS and teaching with GIS

GIS education at Department of Ecology and Environnh&tince is realized within the three courses (Table
1). Passing the courses prepares students to use Glfdbtalsdata acquisition, its editing and transformation
into the required data types, formatand coordinate systems. They shokltbw how to use spatial analysis
purposefully and visualize the resultgmerly with use of cartographic teaiques. They should also deal with
several manners how to publish their data.

Table 1:Geographic information systems — coursethacurriculum of Envinemental Science study
programme

) Degree Number of teaching o
Course Title Description of Course
Level hours per week

Direct and indirect metbds of data acquisition
GIS for environmental scientists BSc 4 and its visualization, ceographic presentation

and publishing

. . Basic spatial analysis aithat vector data model
Landscape Spatial Analysis MSc. 2 i GIS
in

Advanced analysis in Geographic

MSc. 2 Spatial analysis aimed at raster data model in GIS

Information Systems

Conception in GIS education at master’s degree lewal ibes various systems was published in the article
Inquiry Based and Blended Learning Using Geograpmformation System (Jakab, GreZo and &e2016).
The mentioned article presented GIS education model mega, with use of several information systems. In
this work we focus on application, wpletion and specification of the motlexisted on the base of concrete
course teaching (Landscape Spatial Analysis — seeltpblfe attention is aimed antent and process point

of view of education in relation to the used systerAs.an added value are new experiences acquired from the
course teaching in academic year 2017/2018.

According to Sui (1995) GIS education can be dividedhiwvo main approaches - to teach about GIS and to
teach with GIS (Figure 1). To teach about GIS concenat€S technology itself with an instructional focus
on training. To teach with GIS focasapplications of GIS with an insttional focus on content education.

In our case, education ihandscape Spatial Analysiamtmines both approaches. €Hirst approach - Teach
with GIS — is focused on educationsphtial analysis with use of concredealytical GIS tools. Using the tools
allow students to familiarize the individual spatial analysiedlly for concrete possible problems with use of
real data, thus analysis is dirgctonnected with practice.
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Theoretical outcomes are essential, therefore studentsehto be prepared in the topic: what is individual
spatial analysis used for; which datatiased for; what is the principle @ what results ca be expected; and
what are the possibilities for the landscape resedimhecologists and environmental scientists?

The approach “teach about GIS” is focused not onlgelrcted GIS analytical tisobut also on a number of
operations which are necessary for successful solvingpatial analysis in GIS.€Thperations include tools
and processes connected with spatddta acquisition, its modificatioand visualisation. Students become
familiar with concrete GIS software environment (desktop laptions), its possibilitiegpols, functions and
specifications. Likewise in this approach it is essetbiaombine practical work iGIS with relevant theory
which leads to learn about the whole $&area, not only about one software.

Figure 1.Combination of the approaches Teach about GIS and TedtlGVst
3. Methods

The aim of this contribution is to introduce model of idied learning in GIS education which uses an
approach of IBL and other purposefully bounded systems.

In our experience, the content of GIS teaching is fodusethree main interrelated sfps: data collection, data
manipulation and data dissemination. Within the curriculeach step is subdivided. Links on the left and right
side of diagram in Figure 2 refer to various systemsiwithe education process. These are used to increase
efficiency in work with GIS, as well as to increaefficiency within the educanal process in the spatial
landscape analysis course:

€ Global Positioning System (GPSjs an earth-orbiting satellite-based navigation system iging
users worldwide with twenty-four hour access toepise positioning in three dimensions (latitude,
longitude, elevation) and precise time tracealtte global time standards (Dana, 1997). Students
learned how to collect data by GPS at the bachelor elegtherefore it was a subject matter in the
course GIS for Environmental Scientists. Teadhitige course Landscape Spatial Analysis is focused
on processing of raw data acquired by GPSthail appropriate use for spatial analysis.

€ Learning Management System (LMS)s a framework which controlsll aspects of the learning
process (Forouzesh and Darvish, 2012). In ose,cBMS represents a valuable information source
for students as well as an instrument for communication betwéeacher and students and among
the students themselves during work on student préged MS is used by students to enhance their
skills and knowledge about systems (Desktop and Web &S, BBMS, etc.) and individual steps
mentioned in our diagram (Figure 2).

€ GIS server provides the platform for GIS resource-shg (maps, geodatabases, etc) and provides
access to the GIS functionality that the resource contaiessérver is a software server that meets
our requirement to view and edit geospatial data. It is ammgource server for sharing geospatial
data, which provides a number of OGC compliarglémentations of open standards such as Web
Feature Service (WFS) and Web Map Service (WMS).

€ Database management systems (DBM3re computer programs designed to manage the storage,
maintenance, and retrieval of information from computer system. Their use in many different
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kinds of computing environments is widespread becallsy perform the essential functions that

almost every data processing application requires (Coal#85). Despite th many advantages of

DBMS, like data independence or security, oofethe most important aspect of database
management systems, for users tife data, is the powerful quegrlanguage facilities that are

available on almost all the stems (Cooper, 1985). Besid&)L students learn basics about
functional dependencies, relational algebra aodktalculus, query optimization, and how various
(spatial) indexing schemes work. DBMS also have statistioahary commands available to the
user (for example, mean, standard deviation), as well asntands that allow results to be

tabularly, graphically and spatially displayed.

Figure 2:A logical sequence of steps, procedures and systemshvgtiidents use to solve projects

€ While the GPS, and WMS systems present the watk geospatial data similarly as GIS, LMS
represents a valuable information source for stateeas well as an instrument for communication
between teacher and students and among the students themsebwsng work on student
projects. Incorporation of DBMS system intouedtion reflects the course Landscape Spatial
Analysis. Educational content comprises mainlyextor spatial analysis which use spatial data for
definition of attributes in DBMS relation modéh relational model, the collection of inter-related
tables represent data and their relationships. Each table groap of column and row, where
column represents attribute of an entignd rows represents records of features.

All of the software listed above beigs to the open source software group - software that is en&eely

available to all (Hippel and Krogh, 2003), so programmerasers can read, modify and redistribute the
source code of a piece of software (Gacek and A2&04). The above-mentionedosige service that we use

www.ejel.org 223 ISSN479-4403



The Electronic Journal of e-Learning Volume 15 1s32617

is free of charge and data can easily be transferredwdisee if the Terms of Service change. We agree with
Coppola and Neelley (2004) that the open source modeinotes freedom of choice, increases user access
and control, encourages collaboration within thglobal community, promotes quality, and enhances
innovation in teaching and learning.

In the educational process within the afore-mentioneaurses, we use Quantum GIS as the professional GIS
software. The LMS system is represented by the LearRlatform Moodle. Students have to choose which
operating system suits them best; thegn use various Linux distributions as well as MS Window$ac OS X
(Figure 2).

The course curricula for Spatialndscape Analysis are based on problsolving for real scenarios that
students will encounter in professional practice and Wwhiequire the use of professional technologies, and a
scientific approach. Therefore, we propose an educatiomodel that uses an Inquiry-based learning (IBL)
approach, which is, according to Dengl964) based on the idea thatisece education should be authentic
to science practice. Participation in inquiry caroyde students with the opportunity to achieve three
interrelated learning objectives: the development géneral inquiry abilities, the acquisition of specific
investigation skills, and the understanding ofestific concepts and principles (Edelsdgprdin and Pea
1999; Hmelo-SilveBuncan and Chinr2007).

IBL is student-centered, active learning approach fedusn questioning, critical thinking, and problem
solving. IBL is frequently used in science education emtburages a hands-on approach where students
practice the scientific method cauthentic problems Ertmer (2015).

4. Results

Based on the principles of IBL (B 1964; Feletti, 1993; Hmelo-SilvBruncan and Chinre007; Ertmer,
2015) we have created an innovated model of GIS educabiofst year students of our master degree study
program in ES. The model is designed for the coufsBpatial Landscape Analysis focused on vector data
representation.

In academic year 2017/2018 we staiteducation with use of the above mentioned model. il&ients of full-
time study in ES attended courkandscape Spatial Analysis.

Education is realized via Blended leiag, based on a concept of integing the strengths of synchronous
(face-to-face) and asynchronous (text-based Inteynkgarning activities. At the same time, there is
considerable complexity in its implemntation with the challenge of vimally limitless design possibilities and
applicability to many contextgGarrison and Kaika, 2004).

Influenced by IBL, the carrying part of Face-To-Face edndatihe course Landscape spatial analysis became
practices (Fig. 2). Theydl@nto active obtaining of knowledgend skills. The content of education was
proportionally divided into eight practices (Fig. 2).

The first practice was focused on revision of knowlelgened in previous course, other practices gradually
mediated the knowledge in spatial agais focused on vector data models. Practices bring peddtisks from
ecology, landscape ecology and environmental sciengerding to priority of the study program. The topics
of practices are heterogeneous:

Area proportion of mapped elements of perg secondary landscape structure (revision)
Population density — socioeconomic indicator of sgladistribution of population in selected region
Spatial activity of small terrestrial mammals

Habitat composition of Long-eared owl

Management arrangements to prerit spreading of invasive species

Spatial distribution of human activities plarthé relation with landscape characteristics

Relief Analysis of certain city parts, for evalaatiof microclimatic conditions, in relation with
climate change adaptation in cities

Difference analysis of time-spatial developrmehlandscape elemés in model area

a dh b dh dh i b

ah
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Solution of the practical tasks during the educatiprocess requires, that students use already known
analytical tools in GIS and each practice brings a rteeléarn some new tool. From practice to practice

increases difficulty of its solution and simultaneouses a number of tools learned and each practice brings
revision of formerly learned tools.

Solution of the problem situations runs through the sapt&ses (Figure 2). Education process of each practice
was followed by one basic question:

What procedure is used to solve the problem task?

Solution of the problem situation requires considegrimpproach from two points of view: approach of
environmental scientist and approach of geoinformsati The first theoretical approach of environmental
scientist requires definition of the problem, theoretichhckground and possible methods for solving the
problem. In this phase we respected the mstions of Feletti (1993); Hmelo-Silvdduncan and Chinn
(2007); Ertmer (2015). We start IBLtlwan introduction into the concte authentic problem situation, which
will be solved using various research methods. Intrdiducof the situation is closely linked with discussion
EdelsonGordin and Pe#1999), Feletti (1993). The situation is gaad in detail from the point of view of
the problem solved as well as from the point of viewpotential solutions. Searéhg for the correct and an
optimal solution is a part of education process supportedBiy.

The second geoinformatics approaasts in looking for the individual rtteodical steps of problem solving —
concrete technical solution of the task. It means thatdents look for the appropriate geographic tools aslwel
as tools from other information systems to fulfil indivadumethodical steps of prdém solution, they define
input data and setting of tools chosen, create their omutputs of various form and verify accuracy of the
results. For each problem task offer geographic infoiorasystems several possih#is of solution. It means
that correct result can be obtained by several proceduand it is possible to use several alternative tools,
several settings and various outputs.

Students prepare outputs containing calculated and created rager$ which are visualized in original maps
or exactly expressed values of phenomena and olgeaperties. The results they get are unknown for them.
Thus the problem solution became opened as desdtiblbburn (2000) and Staver and Bay (1987) who entitled
the education approach aSuided inquiryWithin the approach the teachgsrovides only the materials and
problem to investigate. Students deviseesthown procedure to solve the problem.

Students are put in the role of geoinformatics andidgrthe problem solving they search for answers for the
following questions:

Which input data are needed for problem solving? Whetan we take the data from and what kind of
modification does it need?

Usually the work on the project which uses GIS begittsdgta collection and importing the necessary data to
the GIS database or GIS project.

Students can use data with variousntent depending on data accessibility thre possibility to create it. They
can also use existing data, which are available at Brepartment of Ecology and Environmental Sciences.
Other possibilities of data: data available via WMS, aditained by students with the use various direct or
indirect methods of geospatial data acquisitiaccording to Jackson and Woodsford (1991).

Whereas the content of the course is focused especiatlyspatial analysis, theris not so much space for
learning a wide range of methods for geospatial data acqoisitThis was content of the course GIS for
environmental scientists that is incaspated into curriculum of bachelor degree level in EShe Landscape
spatial analysis we focus especialty basic, selected and often used tineds in the depth which is necessary
for solution of the problem tasks.

Often used indirect method for geospatial data acqiositis the digitalization of map sources and creation of
new map layers via spatial analysis within the framelefived mapping. Direct methods of geospatial data
acquisition present localization of mets and phenomena witlsPS. When the inputata, essential for the
solving of inducing situation and problems, are definieds important to closely specify the attributes of the
environment where the geospatial data will rise and whtre spatial analysis will be done. This step is closely
related to data modification, necessdiyr the further data processing.

www.ejel.org 225 ISSN479-4403



The Electronic Journal of e-Learning Volume 15 1s32617

Collection of input data from various sources produeasous problem situations. The most important are as
followed:

€ Difference in coordinate systemsMajority of the inquiry based problems solved uses getisp
data georeferenced in local or global coordinatestems. Transformation of coordinate systems is
sometimes required. Global coordinate system iscific for the data obtained by GPS localization
as well as for geospatial data available via WM, far larger areas (e.g. Europe, world). Geospatial
data on a national level use Local coordinate system (Slokaki&oordinate system S-JTSK). Local
coordinate systems should be accepted andmoted either to calculate the position more
precisely or to synchronize happenings (Munoz et al,920Therefore, due to the unification of
coordinate systems, we will transform aljéas into the S-JTSK coordinate system.

€ Various level of generalization and various scales dadprlayers -Selection of scale and the level of
generalisation of map layers are very important steps. Map generalization is the naenprotéss
that simplifies the representation of geographitaia, to produce a map at a certain scale with
a defined and readable legend (Ruas, 2008). Students have to be preparedafdrthia various
degree of generalisation of map layers and various scales, in which the datreeted, can cause
incompatibility of map layers for overlapping and therefore they cammatsbd for solution of the
problem situation.

€ Some data is out of time and problems with comprelson of time —One of the most common
problems during the solution of problem situationlésk of appropriate actual data. Availability of
appropriate and actual input map layers stronglffuances process of solot and exactness of the
results. Another problem of present geographifoimation systems is that time information given
on map layers is often incomplete and inaccurate. The masinconly it says when phenomenon or
situation was recorded in GIS. But we do not know anythlmgut time when phenomenon arose or
when the situation appeared for the first time, as well asadeenot know whether the time data is
actual for geometric and for aftsute part of geo-element.

Which spatial analysis we are going to use for problesolution and which modification is required for the
analysis?

The true power of GIS lies in spatial analysis. Gli&snapatial analysis (geographic and location analysis)
easier, so the number of users ofSGpplication increasemd the scope expands (Audet and Ludwig, 2000).
GIS analysis shows patterns, relationships, and tramggographical data that help one understand how the
world works, make the best choice from among options,ptans for the future (Mitchel, 1999). Spatial
analysis presents the basic educational content ofirses in which the IBL model is implemented, and
therefore, the analysis regls enough attention.

There are two basic forms of representation of geospatial datalS: vector and raster form (Couclelis, 1992).
Each form offers different possibilities and means of daiacessing as well as different possibilities of spatial
data use. In the course Landscape spatial analysis studentshotetorms of spatial data representation, but
priority is given to vectar and vector analysis.

Conceptually, geographic data can be divided into glements: observation or dity (spatial component)
and attribute or variable (thematic component). GIS have to ble &b manage both elements, and this
defines the overall requirements to the database technglbghind (Hansen et al, 2008).

Spatial analysis which students learn during the coarsefocused on the both together linked components. It
means that properties of geospatial data can be @ddconsidering the thematic aspect (statistics), the
locational aspect (spatial analysis) or both, whatgscific character of Gkgcording to Parker (1988).

The knowledge in spatial analysis isdidd equally into the 8 prepared prigm situations. The first practice is

revision and systematization of bapkund knowledge in GIS. Otheraptices gradually enlarge knowledge
from spatial analysis and every new situation (lectusgjuires knowledge of the former situations, but also
learning of the new one spatial analysis (Figure 3).

This type of learning allows multiple revisions tbe analysis, and students obtain not only necessary

knowledge and skills to use concrete analytical tool, dab experience with the adjuate use of the tools.
The learning system makes easier selection of conwémiealytical tools in the next problem situation.
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Figure 3:Process of knowledge acquisition usédéuwlspatial analysis during the course

Besides the tools for spatial analysisidents learn other tools for mapyars modification. Modification of
data is often essential before spatial analysis itéelirealized. Basic modification of map vector layer is
filtration and questioning resulted in the concrete faets, which fulfil our spatial or attribute conditions.€rh
other modifications can be map layers overlapping (@i, difference, intersection), and conversion from
raster to vector format or contrariwise.

What kind of outputs we expect and in which form?

After answering the basic questions, we can start mappingr lpyecessing, spatial analysis and creation of
map outputs. All these three operations are not alwgyssent in problem solving, therefore some solutions
require just analysis without modificats of map layers. Other cases requirdy modifications of map layers
without spatial analysis or several following modifioas of analysis. Outputs creation can bring valuable
outputs from every step in this phase (modification of lsyer analysis) and therefore it is not possible to
integrate output creation only into the final phase.
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Figure 4Examples of problem tasks solved by students

The solution results can be in a form of map outp(Rgyure 4), tables or graphs. Students usually work
individually on the results, but in ste cases the map layer results candmnected into one common result,
depending on the requirements of the problem situatidhthe result is a common output, students have to
communicate as a group (verbal communication, LMS Mogtat) from the first steps of problem solving,
because of the unification of scale, generalization degeeel unification of procedural steps. The last phase
of dealing with problem situation is dissemination.

Large part of the data that students use to solvesithtasks, are usually stored in their own repository
(personal cloud or any other personal storage). As #valuation process is finished, layers created by
students (Figure 2) can be shared through the deperit geodatabase. Fulfilled tasks can be uploaded for
evaluation by lecturer via SFTP client. Part of tbsults is only accessible thin the university LAN and

finished data, ready for publication, are available through PHTWMS or WFS to the general public. Layers
created by students are mostly vectors, created by dimethods (application of GPS, digitalization) and by
derived mapping (results of spatial analysis). Datseamination is provided through GeoServer, which is
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serving as information hub linking different data sowdgector files, database, raster data) and make them
accessible through Web services.

E-learning course was created as pmrt of the course teaching in academic year 2017/201&rings to
students theoretical outcomes and offers methodigmbcess for revision of practices which were already
realized.

Students can revise already completed practices andiapanhalysis available for individual practice. As it is
showed in Figure 5, content of e-learning coursaresponds with actual face-to-face education with
exception of methodical processes for each practicectvldire made available after corresponding face-to-
face practice is over. Reason is realisation of prastagplying IBL approach where methodical processes are
incorporated into educatin content which is inquired by students. \&fi face-to-face practice is evaluated
and finished methodical processes are added into ediegr course. Students can use them for comparison of
their own processes and for revision.

Besides the methodical processes linked with eachtfm@ccorresponding theoretical outcomes are present
directly on the sites where concrete analytical tools ased. These outcomes are marked in the text. Students
learn about individual analytical tools in the sites whére tools are used practicallyhat directly mirrors the
possibilities and ways of their use.

Another particularity of e-learning course is use daftidnary that is also used as a source of information on
tools for spatial analysis. As the theory is implementily when the analysis is used for the first time,
another use of the same analysis (its next use, use inpraxtice) is not linked with previous theory but the
Dictionary can be used to get basic information on thalgtical tool, its functioninputs, settings, outputs and
use. This manner of obtaining basic theory can stusleappreciate when one click is needed to get the
appropriate information from the practical part of e-learning.
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Figure 5:Carrying content of e-learning course Landscape Spatiaygsal

E-learning course brings a great advantage especially forehpreparation of students for examination
practical tasks from the course. The examination dies practical nature, students are working using
computers on their practical tasks.

5. Discussion

Fundamental object of research and education of studenthatDepartment of Ecology and Environmental
Science is landscape, its structure, attributes, changepace ad time, study of mechanisms which run the
changes and study of its influence spreading the plant and animal spes. From this reason all the data
which students meet during thgtudy has spatial character.

The course Landscape Spatial Analysis is aimed at teabieirgjudents in selectedpatial analysis via solving
the practical problem situations with use of real datasofence, a technology, anddécipline, allow involving
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the integration of spatially referenced data in a problem-savenvironment is GIS (Cowen, 1988; Longley,
Goodchild and Maguire, 2005).

Education in GIS at our department started in 20Bdom that time we tried to apply several different
technologies, education forms and pedagogical appreacBased on our present experiences with education
in GIS allow us to suggest some ideas and recommenddtonsaching them:

5.1 Scientific solutions for authentic problem scenaso

Several of scientific studies were devoted to GIS edoicatith use of practical problems solution (e.g. Chen,
1998; Demirici, Karaburun and Unlii, 2013; BowlickinBez and Goldberg, 2016). Mentioned studies use an
integrated problem-solving approach to teachi@gS by applying the Project-based learning.

Our approach uses IBL whereby gives students the rppity to solve real-life problems using scientific
methods. Moreover, IBL brings another practical disien to these practical oriented courses - from a
.Research-oriented” to a ,Research-based" educathgre according to Griffiths (2004) students learn as
researchers, the curriculum is largely designed aroumgliry-based activities, and the division of roles
between teacher and student is minimised.

The analytical tools and processesedsin our course are selected wittihe learning objectives of the
curriculum in mind and from real problems, whigfaduates will encounter in professional practice.

5.2 Use of IBL in GIS education for irase students motivation to learn

GIS education via IBL showed us two motivatingsfaghe first is the Solving authentic problems using
professional systems and real data. Students have to findtisofu for the problems posed by solving
individual tasks, using real data and professionalesyst (such as GIS, GPS, WMS, DBMS) (Figure 2). These
modern methods of processing and analysing data aghlhisought after in practice, so graduates acquire
disciplinary subject knowledge and skiiat enhance their attractiveness on the job market. The sedsrille
Student-driven solution of problem situations. Accoglito Thomas (2000) problem-solving in IBL should be
predominantly student-driven. IBL problems (questiotyation) are not, in the main, teacher-led, scripted, or
packaged. Within our model, projects do not end watpredetermined outcome or take predetermined paths.
IBL incorporates a good deal more student autonpofice, unsupervised work time, and responsibiligrth
traditional instruction and traditional projects. Figurec@ntains a diagram describing the logical sequence of
the project implementation steps, but at every step the staotlbas the opportunity to choose from a variety
of GIS tools and settings to use for solving the problem.

5.3 GIS education is not only about the GIS

The proposed model combines IBL and ICT toward a commitiaclgoal - to make teaching of spatial analysis
more efficient and modern. In our model, IBL remets a student-centred, active learning approach,
according to Ertmer (2015) and I€dvers several heterogeneous techngiles and information systems. While
the GIS GPS, and WMS systems present the work with gialsgiata, LMS represents a valuable information
source for students as well as an instrument for comroation between teacher and students and among the
students themselves during work on student projects.

According to Gaible et al (2011udents are frequently ready to benefit from instructionaéthods, therefore
use of ICT in the educational process does not presenpeaslylem for them. Weagree with Rose (2009) and
Livingstone (2012) that ICT skills are becoming acceptadtasd life skl alongside liteacy and numeracy.

Students' orientation towards ICT is therefore best aewin relation not only to their needs for social
networking and leisure use of technologies, but alseoelation to the way in whie ICT is used in relevant
areas of employment (Edmund$horpe and Conole2012). So ICT becomes an efficient medium (LMS
Moodle in our case) for dissemination of educational contand a convenientvay to increase student
motivation to learn. Besides enhancing interest and wetibn Blumenfeld et al (1991) identified further 5
contributions that technology can make to the learnipgpbcess and that we approved positively: Providing
access to information; allowing active, manipulable ssm@ntations; Structuring the process with tactical and
strategic support; Diagnosing and correcting erraranaging complexity and aiding production.
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Combination of IBL and e-learning fiacreasing efficiency of educatiohteaching of the course Landscape
Spatial Analysis is organised as blended learninghwddmbines Online and Face-To-Face Education (Watson,
2008). Face-To-Face education means in our case paciidbe course via IBL and is focused on receiving of
new knowledge and skills as well asapplication. Online education presergslearning course with the main
function to revise acquired kiwledge and skills and to prepaseudents for the examination.

5.4 Interdisciplinary character of education does notikie only positive effect

On one hand cross-disciplinary character of GIS causesofenent of wide range of key competences (Jakab,
Grezo and Seik, 2016). On the other hand GIS requiretai@ basic knowledge and skills from various
scientific disciplines, at least from geography, compstgence and mathematics. Moreover they require logic
and spatial orientation.

This means that GIS education can cause problemstsidty programs, which are far from geoinfomatics.

We meet this reality at our department as wellu8¢nts often choose study program Environmental Science
with expectations that they do not battle with mathemes$, computer science, logic etc. Therefore they can
consider courses in GIS to be demanding and thus unattead®ermanent low number of students who chose
optional courses focused on GIS suppdhis fact. However optional coursén GIS are taught with the same
education model as well as they are taught by the sdeaehers, the main reason why only small number of
students chose the courses is their demandingness grinom their cross-dciplinary character.

6. Conclusion

GIS education in general comes down to just 4 singdas: create your own geospatial data, manage it,
analyse it and display it on a map.

These ideas show possibilities of GIS application evanpalihere the spatial data linked with earth surface is
used. GIS can be used efficiently not only in edunatiogeography (e.g. Kemp, Goodchild and Dodsor2;199
Yap et al, 2008; Singh, Kleeman and Van Bergen, Bot23lso in other disciples: environmental science
(Ayuga et al, 2007; Ozbay et al, 2014), history (Zaind Yacob, 2014; Ribeiro and Bragadacosta Monteiro,
2014), mathematics (Furner and Ramirez, 19@9etkova, 2016), chemistry (Reed et al, 2008) and others.
Each implementation of GIS intodtscience, art disciplinemnd mathematics meets with two approaches of
GIS teaching according to Sui (1995). On one hand studesuts via GIS subject matter arising from the
discipline. On the other hand use of tools, methods aadctete software environment familiarize with GIS
themselves.

The course Landscape Spatial Asiglyvithin the Environmeal science study progra applies the approach
mentioned above. Students familiarize with GIS viatigp analysis that can be used for evaluation of
landscape data.

For increasing the efficiency of éhLandscape Spatial Apsis course we have eated the model of GIS
education based on the idea of IBL according to Defd8g4) that science educaticshould be authentic to
science practice. The model connects:

1. face-to face education and distance learning,

2. practical work with real problem $dng (real methods, real data),

3. use of professional systems (used for work with geospatiata) with applying thdearning
management systems.

Based on our long-term experiences with GIS teaching,rteiv and actual education model appears to be
useful for the course Landscape Spatial Analysis wittén&8& study program as well. It could be used as an
idea how to increase efficiency of higher educatiorGits in the study programs which work intensively with
geospatial data.
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Abstract: The paper focuses on the cultural content of onlinedebnic materials developed pnarily by Czech in-service
teachers of mathematics for smartboards. The author presantsnalysis of these materials with a focus on the cultural
settings of word problems they contain. The paper buddsa poster presented on ECEL 2015 conference and a paper
presented on ECEL 2016 conference. The question th@ratkss how innovative electronimaterials are as far as their
cultural, non-mathematical content is concerned. Are thesaterials a mere conversion of problems from traditional
hardcopy textbooks or have its authors gone further, idtroing new motives, images and realities? Do they use the
potential of the online environment that allows easy updateslike hardcopy textbooks that are used without any change
for years, even decades)? The author builds on herarebein the area of non-mathematical content of mathematics
textbooks (Moraova, 2013) and of problems posed by teath@nees (Moraovd, 2014). The here presented research
combines qualitative and quantitative approaches. The autmalyses one hundred and seventeen online activities from
the website www.veskole.cz. Word problenase classified according to their ltral content and the most frequent
images are described and commented upon. The findifighi®study are of interest to inesvice mathematics teachers
planning to develop an online teaching umitathematics educators butsd policy makers as not much attention is paid to
the cultural contents of matbmatics teaching materials.

Keywords: Textbooks, electronic online matals, word problems, non-mathematicalontent, subversiveness, realia,
stereotypes, construction of s@direality, culture reproduction

1. Introduction

Contemporary world is a fast changing world in appexss of our lives. This puts pressure on school as an
institution and teachers to adapt to the fast changes. One of thenges in today’s society is the growing
cultural heterogeneity of our sociefgnd classrooms. It is becoming maed more difficulty to define what
the cultural norm is, what ways ofdifshould be seen as “correct”, usual or desirable. Teachften face the
reality of culturally heterogeneous classrooms whqaeils’ experience they know from their homes and
families is very different from culturthey are presented at school. And stibachers are expected to be able
to plan and teach such less® that will be meaningful and useful fall the pupils in their classrooms. This is
very difficult unless teachers have at hand teachingamals that reflect the changes in society, are more
open and tolerant to othernessnd actually speak openly of other cultural patterns and eigree.

Fast developments in ICT are another major changestiwol and teachers face. Very often, innovation at
schools is linked to the potential of modern technologiesl electronic learning emanments. If this is to be
true with respect to cultural patterns and contexisnline and electronic materials would have to present
more open and heterogeneous contexts than traditionalcheopy materials. Uploadgnan electronic material
on a website for teachers is a very easy processomparison to publication of a textbook (it must be
reviewed, approved by Ministry of Education and fmhed and must make profit to the publisher as the
world of textbooks as a world of business and makirgjipr Publishers of textbooks deliberately look for ron
mathematical content that is timelessd prefer the authors to look for settings which are nkely to change
within next ten years or longer (i.e. references to ps®f commodities, references to technical devicess car
etc.). In constrast, theoretically speaking, authoronlfine materials do not have to worry as their materials
can be easily changed and modifiedaty time and thus the realia preisted in them may correspond to
contemporary reality.

The issue of the potential of online neaials in education has entered thepotlight of contemporary reseach
in the area of (not only) mathematceducation. E.g. Novotna (2014) feea on the issue of how electronic
teaching materials can be desight support pupils’ creativitgnd culture of problem solving.
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2. Theoretical Background

The impact of mathematics textbooks and other learningterials on mathematics education must always be
born in mind when discussing mathematics educataond has raised a lot of attention of mathematics
educators. A number of researchers in the field oftmematics education (more precisely in the area of
mathematics textbook research) point out that mathatics textbooks have major impact on mathematics
education and mathematics discourgglullis, Martin and Foy, 2008; Vahde, Bianchi, Wolfe, Schmidt and
Houang, 2002). Textbooks are equally important resourceddth groups — for pupils to learn mathematics
and for teachers to plan and teach their mathematessons. Mathematics classroom instruction is, in many
cases, generally organized around and delivered ughothe mathematical tasks and activities found in
textbooks. Therefore, textbooks are probably amgothe most immediate determinants of educational
practice (Amit and Fried, 2002; Chval, Heck, WeaislsZaebarth, 2012; Li, Zhang and Ma, 2009; Silver9;200
Tornroos, 2005).

Berger (2016) in her study on how pre-service teaclémathematics interact with a mathematics textbook
defines two pillars of mathematics classroom: the discouofethe mathematics textbook (the written
discourse) and the ways in which students interact witis tliscourse (the enacted discourse). For the purpose
of this study another pillar will be considered — theguithf the author of the discourse that is later enacted in
the classroom by pupils and teachers. More precisedyatithor focuses on the non-mathematical discourse of
online electronic materials and the potenitidiscourse it leads to in a classroom.

With reference to culture, Rezat and Straesser (2012) paibtteat what happens in a lesson of mathematics
can never be sufficiently described by the traditionahaept of the didactical triangle ‘teacher-pupil-
mathematics’. There are a number of other factors tlsatucture a mathematics lesson (artifacts, culture,
community). Rezat and Straesser redefine the classid@mof the didactical triangle to the more complex
and plastic model of a socio-didactical tetrahedron, whdepicts the situation in a mathematics lesson much
more accurately. Artefacts used within a lesson (e&tbooks and also problems posed by teachers) are one
of the factors affecting the course of a matheneatlesson and mathematieslucation in general.

Figure 1:Sociodidactical tetrahedron according to Rezat and Stra¢26&p)
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At the same time recent years have witnessed rapid devetopmin the use of ICT at schools, and thus also in
mathematics classrooms. New technological devices hastebfscome everyday padf pupils’ lives and they
should be handled in the classroomsagh. Many researchers focus ona@éhcy and advantages of the use of
ICT in mathematics classrooms, the potential of ICT atitht@ogical devices, the impact of the use of ICT on
classroom practices, teaching methotisarner’s activity and educational outcomes. Considerable &tgrin
research has been paid to implementation of techmyidal, e.g. (Hoyles and Lagrange, 2010) or (Kortenkamp
and Ladel, 2013), who point out that teachers nowadaggehto follow the developments in technological
devices and adapt their teaching to these developmefttherwise they are not able to keep pace with their
pupils. Researchers also draw attention to the fact that their imsegeaching is not always effective and may
not support pupils’ comprehension of tiseibject and its concepts (e.g., Jadk and Novotna, 2011).

One of the areas where ICT has entered into mathersdgisson is the use of electronic multimedia materials
developed for smartboards. Due to the possibility tdbfish these materials withut any costs and lengthy
reviewing processes by different education bodies, mats for smartboards are very often developed by in-
service teachers. Their creation gives them the chanaadfpt teaching materials to the particular conditions
of their country, school, classroom or teaching stifleatis why it is important to ralize that any research in
mathematics textbooks should nowadasiso take into consideration othesupplementary materials used in
the classroom, including online electronic resoes and multimedia materials for smartboards.

The above presented researches clearly imply that a l@ti@ihtion must be paid to what is presented in all
learning materials (both hardcopy textbooks and elentc online materials). And, which is not the case so
often, attention must not be only paid to what mathetics is presented and how it is presented, but also in
what cultural context it is presented, what image oettvorld it gives to learners and society and what non-
mathematical contexts mathematics set in.

Sociologists, anthropologists and edtmrs often draw attention to the fet that school is an institution
responsible for reproduction of cultural patterns okaciety and norms of everyday life. While functionalists,
e.g. Durkheim or Parson (Prokop,08) see the processf enculturation as an imptant process that helps to
maintain functioning of our society and believe that tsamssion of cultural values at schools is for benefit of
all, theorists of culture reproduction and transmissias well as critical educators point out that this
reproduction is for the benefit of somgroups in the society while silengimnd handicapping all other groups
(Bourdieu, 1998, Apple, Au and Gandin, 2009, Gjrb8&83).

As Moraova (2015) points guhere is no doubt that what is going at schools should be more than just
mere transmission of knowledge from one generationataother. Apart from thecontent of the discipline
taught (e.g. mathematics) children learn a lot abdwtw society works. This is referred to as the hidden
curriculum (Kentli, 2009). The process of enculturatmm socialization happens in everyday interaction
between teachers and pupils, among pupils but also in Ipupiteraction withcurricular documents and
learning texts. These documents come into existenciiwithe frame of specifidiscourse practices that
shape them (Foucault, 2002), in particular society with its everyday practices and imagewbht an
educational text represents and the form and contenslitould have. These rules are often implicit and one
may presume authors when writing a textbook wiat realize how stronglyhey are influenced.

Critical educators are convinced thatiltural transmission is not a statirocess and teachers’ role in this
process is not passive. In this perspective teachers greatad not only to mechanically transmit the official
cultural values but to amend them, modify them, comment them and work with them dynamically (Giroux,
1983). This subversive activity could be happeningitimations when teachers stop using official printed
textbook and become creators of their teaching nréés. Non-mathematical, cultural content of word
problems published in Czech hard copy textbooksnadthematics tends to be very conservative and
stereotypical (Moraova, 2013). The newly published teteic learning materials created by in-service
teachers should give their authors the space for préisgnmathematics in a new way and in more up-to-date
contexts. While printed textbooks often come out of thgirecursors, electronic materials created by in-
service teachers may be based orsst@om reality, on needs and interestcontemporary children, both as
far as mathematical but also cultural content t®ncerned. And this is the case of the platform
www.veskole.cza platform where in-service teachers upibanaterials for smartboards created by them.
When creating interactive online materials, teacheen use their ideas, change the contexts and present
mathematics in contexts comprehsible and natural for their pupils.
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One of the objections that may arise that the point of making a word pblem in mathematics is to practice
some mathematical concept or procedusglving strategy or skill, not toform learners about the world. It is
natural that authors of mathematsc textbooks and learning materials always put mathematics eom
concepts first and adapt real life settings to their ne€lse same happens in fiction. Literary theorists inform
of the impossibility to depict “realityand of every text being a mesmulacrum(Baudrillard, 1998 No text
can ever be taken as a simple mirror of reality. Howevee ton-mathematical, cultural content of
mathematical tasks and problems must never be ignored on seseunimportant. A good setting of a word
problem not only makes the problem more motivating angegling and makes transition between contexts
easier (and thus makes learning meaningful and allows ptpilise their everyday perience), but also every
setting leaves imprints on pupils’ mental schemas #air understanding of what norm and deviation are in a
particular society because these categories are dgc@bnstructed. Textbooks and other learning texts
including electronic materials make pupils define tteem and otherness (Blackmand Walkerdine, 2001).
Moreover, as Havelkova (2013) warns if schooling dmtskeep up with society, pupils regard education as
irrelevant to their lives. Meany and Lange (2013) takkffarent perspective and warn that learners who have
to transit from one cultural context to another (homertext and school context) are more likely to fail to be
able to use their everyday knowledge of mathemafieen home at school when doing mathematics. Thus
they face an additional obstacle.

Havelkova (2013) suggestsathintroduction of modern technologies into classroom prees is one of the
ways of making experiences from the outside world awanfschool closer to each other. But if this is to hold,
modern technologies and online materials would have to dfering new contexts closer to everyday
experience of learners. That is why the author of fhéper has decided to make an inquiry into electronic
materials produced by in-service teachers, postedaimvebsite for Czech in-service teachers to see what
cultural contexts are used in these materials and whetherythend to be more innovative and less
stereotypical than contexts of Czebhrd copy mathematics textbooks.

The research question the author asks in this pap#radollowing: Is the non-mathematical (cultural) content
presented in word problems in online electronic mathetias materials more innovative than contexts
presented in traditional hardcopy textbooks? Do the authofnline ekectronic materials make use of the
potential the online environment witlvirtually no publishing cgis to use more topical settings, or do they
merely convert tasks and problems in traditiosattings that can be comacross in textbooks?

3. Materials and methods

The here presented research combines qualitative and qt&tivie designs. The author analyses about one
hundred online activities that invadvword problems. The analysed word problems are classéccording to
their cultural content and the most frequent images are désed and commented upon.

All the activities were downloaded from and are available a& website www.veskole.czwhich provides
about 35 000 teaching units for all sché®lels in all subjects and areas at this point. It allows st filter
the content setting the subject (mathematics, elementagience, languages etcthe age level (preschool,
primary, lower secondary, upper secondary, other) anel pfenned use of the material (interactive exercise,
materials for planning lessons). This limits the numbgravailable activities and materials. Many of the
materials allow the users to view them online and @llthem can be downloaded for free. They are in
.notebook format and work on computers with SmartNotebooktware (which is very common in Czech
schools). The user can also see the number of doaddoof the material. The materials are ordered from
those that are evaluated by mark 1* to those market8 worst evaluation). This evaluation is done by the
users themselves and should give teachers some basicafithe quality of the teaching material available.
Considering the number of resources these marks mayepg helpful to teachers to be able to predict the
quality of a teaching material without having to download se€ Fig. 2)
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Figure 2Print screen of the menu of www.veskole.cz

There is also a field in which the spectbpic may be typewritten, e.g. wongroblems, fractions, area etc. to
make the search more focused and the results feweraasder to the desired mathematical content, concept,
procedure to be taught, learned and practiced. For the psgof this study the author used the key words
“word problems” to limit the number of materials fanalysis. These keywords show 195 results on primary
school level. Primary school level was selected bex#us younger the children the more likely they are to
read texts without critically assessitite content and thus are more likely to be affected and ieficed by the
contents.

Out of these 195 materials, the tor downloaded 60 materials and conducted analysis of wmablems
that they include. She was looking for the settingtioése stories and classified it to categories. These
categories are introduced in the section below and comtadrupon. They are also compared to the findings
from a study on the setting of word problems posed tbgacher trainees (Moraovéa, 2014). The goal of this
comparison is to show whether there are categorieseitings or motives that are not typical for problems
posed in pen and paper but are typical for online reses.

On average, each of the materials included 2.7 wobj@ms. The total of problems analysed was 162 word.
All materials, despite being found as the result afemrch for “word problems” very often contained several
interactive exercises that were not word problems and hadstory and also parts with explanations of new
concepts. These sections were usually followed by twiotw word problems.

4. Results and discussion

The first thing that the analysis shovgsthat typical characters of multim&materials are white, middle class
people from nuclear families (with a father and a matHiving together, as well as with grandmothers and
grandfather available, very often the countryside). There are no word problems that wouldsent divorced
families or minorities. This despite the fact that statiatly every second marriage the Czech Republic ends
in a divorce, children live with onlgne parent, stepparents or live shared custody. Everybody in word
problems in online mathematics materials tends to bedioere and white. In all the problems analysed there
was not anybody from a different cultural backgrounderh were no minorities presented. If names are used
they are the common names for people of Czech nationaligyaid this does not correspond to the current
state of Czech society and of schools. The numbehitdren from different cultual background is increasing
and each classroom can expect to have at least one child evpasents or one of whose parents is a
foreigner.
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The settings of word problems presented in the analysederials were most likely to be food (52%), money
and shopping (10%), school (7%)insals (6%), hobbies and free time activities (6%). Thmalnworld is a
context that was not used by teacher trainees at athia study (Moraova, 2014), otherwise, the settings seem
to be very similar. Within the categories it holds tvamen and girls cook, buy or distribute food. If mem
boys are mentioned in the context of food, they con®iin Sweets are most often distributed or divided by
mothers and grandmothers. “Feeding’ still the domain of women.

If women go shopping, it is for food or clothes, falaiad shoes. If men go shopping, they buy books, wood,
wire netting, nails, i.e. a lot of things connected to “Dgourself category”. DIY category is a special type of
category which has its roots in mathematics textbobksn the 1970s and 1980s when families used to spend
weekends at weekend houses maintained by fathers’ manuakweo fathers were building, decorating,
repairing roofs, building fences around the gardenll&k workers could not work as free lancers at those
times and thus it was impossible to hire them to do the mamwork which was left to fathers. This is an
example of a category that builds on cultural reality of ffest and does not represent contemporary reality.
Nowadays these activities are more likely to be dondipgd craftsmen. Similar conclusions about proportion
of DIY settings were in the analysiEproblems posed by teacher trainees (Moraova, 2014j)s $hems to
confirm that cultural stereotypes have very long lidind are replicated again and again in the following
generations regardless of their valigibr relationship to reality. This may not be so surpgsibecause in-
service teachers, who create most aysdd multimedia teaching materialsere brought on the same cultural
contexts of mathematics word problems as teacher tram@évolved in the study i(Moraovda, 2014) and thus
both pose similar problems.

Word problems in the category sports and hobbies dse anale dominated. It seems that women are so busy
cooking and sewing that they have no time for other higlsb

What is a very surprising finding frothe conducted and here reportestudy is that multimedia teaching
materials do not use the setting of the world of technologt all and that use the setting of the world of
finances in a very limited extent. Avoiding any refeeemg technological devices dpite the fact that they
build on the use of these devices is unexpected sthey build on electronical devices and gadgets and it
seems to be the natural environment. As stated in (Mnra, 2015), hardcopy textlok publishers prefer if the
author avoids any references to actual prizes of thithgs can be bought in a shof he life-span of a textbook
in the Czech Republic is very lomigtakes about two to five years for a collective of authors tdteva
textbook. Then it takes about one year to get the bagproved by the Ministry of Education. The official
approval of the Ministry of Education for a textbooKas six years and is likely to be prolonged by furthigr
years. Textbooks for primary and lower secondary schr@purchased by the school and lent to pupils. Thus
a school wants to be uginthe same textbook for as many yeas possible for financial reasons. Also,
according to interviews with publishe(§loraova, 2015) teachers tend to be very conservasind want to be
using the same textbook for as many years as possiblenidass an author, when writing a textbook, thinks
in the horizon of at least 15 years. Any reference tstsof things and to modern technologies will make the
textbook obsolete soon and thus tends to be excluded.

In online materials one would expect the authors not todfeaid of too fast aging of the textbook because of
fast development in the area of electronic devices andngfes in prices of products due to inflation. However,
the authors of online materials anabd in this study not take the opportunity to make the wortbplems
closer to real life and may be even more attractive tlee young generation. They stay in the stereotypical
settings of food, cookingshopping, hobbies etc.

However, there were some differences to be observetiieen the non-mathematical contents of problems
posed by teacher trainees in pen and paper and in the matlhematical content of word problems presented
online. Out of the 162 problems from online materials gsat in this study, the largest group has the setting
of food, eating it, buying it or preparing it (52%gskEigure 3). In problems posed by teacher trainees this
proportion was higher, 61% (see Figure 4).

A brand new setting of word problems in multimedia tevéals is the animal world. This is very likely to be
connected to the facility of use of pictures in colourcontrast to the traditional pen and paper problems. Use
of pictures in colour makes problems more attractive fmarhers. When posing a problem in pen and pencil,
the authors are not likely to use any illustratioand the world of animals loses its charms.
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Also, more attention is paid to the world of money anaghping in multimedia materials (10%) than in those
posed by teacher trainees in pen and pencil (3%).

WORD PROBLEMS IN MULTIMEDIA MATERIALS

cakes chocolate, candies  bread fruit

drink animals no people school

shopping and money DIY cooking children's hobbies
other

Figure 3:Proportion of word problems in different categories -eplems from multimedia materials

PROBLEMS POSED BY TEACHER TRAINEES

cakes chocolate, candies bread fruit

drink pure mathematics no people school

shopping DIY cooking children's hobbies
other

Figure 4:Proportion of word problems in different tegories — problems posed by teacher trainees

5. Conclusions

The conducted study shows that despite critical edacsittrust in subversiveness of in-service teachers’
attitudes and approaches and their belief that teachars not just automatons presenting materials and their
cultural values but actively adapt them to current sgiand its lifestyle and cultal values, the world in-
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service teachers create in word problems of their multiisematerials is very stereotypical, far from real life
and defending old-fashioned middle-class values, iti@us. In-service teachers whose materials were
analysed in this study fail to respond to the worldiags now. Thus the answer to the research questions
asked in this study is that in-service teachers failde the potential of the new medium (online multimedia
materials). Although uploading matats is virtually for free and gives thathors the chance to be subversive
and innovative as there are no reviewers whose apakavould be needed, they tend to create problems
similar to those they were brought up omstead of responding to the cumestate of society, the conditions
of their classrooms and interests of contemporary yourgyrers, they tend to replicate the same cultural
patterns that they had come across as primary and seconddugyos students.

The selection of settings in online materials is veryilainto the settings of problems posed by teacher
trainees in pen and paper and also to the settings of wanablems that are common in Czech textbooks of
mathematics. This implies that more attention should be paidht® issue of non-mathematical and cultural
aspects of mathematics edation at the level of teacher training. Preservice and irvise teachers of
mathematics need to grow aware of the fact that thage not only teaching mathematics, but also teaching
culture and molding the new generation. Moreover, theisigience on the use of ¢hmost traditional images
may make mathematics distant to dke learners who come from different cultural backgrosirahd have
diametrically different experience with everyday lifeénd that contradicts the principle of equity and equal
chances in education.
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Abstract: PISA study has defined several key areas to be paidtiatteto by teachers. One of these areas is work with
models. The term model can be understooaywbroadly, it can refer to a drawirgf a chemical reaction, a plastic model, a
permanent mount (taxidermy) to advanced 3D projectionsaachers are no longer confined tteaching materials and aids
available physically at schools. Thanks to information teldgyy models can be included in lessons almost withoyt an
limits. However, work with models is very specific dioethe simple fact that a model always differs from what it
represents. Efficiency of education using ICT can leetafi negatively in case that work with complex models recsiire
high level of abstraction which pupils are ratpable of (Harrison and Treagust, 2000). dakova (2015) points out that —
due to the demands on upper secondary pupils — childnerst betaught how to relate model$o real objects from very
early stages. Linking an object to its model — isomomhi&the basis for successful workttvimodels. Work with models
thus must be developed systematically and consistently aoldided into teaching of youngédearners. The scope of work
with models in natural sciences is gradually increaditugvever,the fact that we are able tproject models to pupils using
information technology does not mean that pupils will beedol understand them. In this papeve want to point out that
not enough attention is paid to work with models (not onmythe Czech Republic) — methodology of work with models
does not exist and is not taught to pre-service teacherg pédper classifies types of models we come acrossssohs,
describes basic differences between objects and re#tidy represent and proposqossible ways of systematic inclusion
of models into teaching.

Keywords:models, projection, science edu@at, 3D projections, interactive models, science educatimology

1. Introduction

It is becoming more and more common that natural scientistglystohenomena which are not tangible and
cannot be observed with our own eyes (e.g. DNA dohblg, cell, atom). Natural scientists make hypotheses
about functions and structures of particles, organeldesphenomena that take place on or in them. These
hypotheses are verified using models and computer &itians.

The verified knowledge is then traosimed into curricula of different natural sciences. Vattenvironments
allow teachers to present this new knowledgeptapils and students in a relatively simple way.

However, very specific demands are put on pupilgthéy are to understand a projection or a model
transformed into 2D form on a monitor. The need ofestific abstraction grows, namely the ability to work
with models, projections and especially computer giaions in virtual environments. These demands are
even higher if the pupil works with computer models @absence of a teacher, e.g. in self-study using e-
learning. The more complex a model is, the more alastthinking is needed to understand it. PISA studies
show that work with models is very difficult for pupéled due to their deficient ability to abstract some pupils
fail to understand what real object a model represents. iieey fail to grasp the phenomena going on in
these objects.

This topic has not yet been paid enough attention by expemmunity. That is why we decided to focus on it
in our research.

2. History of work with teaching aids in natural sciees

2.1 Third revolution in education

Eric Ashby (1972) speaks of four reviolns in education. From the point of view of the usfieteaching aids, it
is the last two revolutions that matter; the third revaion in education — use déxtbooks and course books
but more significantly the fourth revolution associatedth the use of educational technologies. The fourth
revolution is still an undergoing process.
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The beginning of the third revolution is connected witte name of Czech, or more precisely Moravian
teacher and theologian from the seventeenth centurghann Amos Comenius. Comenius was one of the first
thinkers to use the printing press for enrichmeanf the process of teaching. Comenius’ textboOkbis
sensualium pictudbecame the model and the source of inspiration for maeyerations of teachers and
educators. Comenius elaborated his approaches further & fdmous treatiesDidactica Magna Use of
illustrative aids was advocated by many other tears and educators, e.gean-Jacques Rousseau.

Figure 1:.Comenius’ Orbis Pictus

In fact, Comenius can be considered as the forerunfegtithe inventor, of modern programmed instruction
(Seattler, 2004).

The famous Prussian educator and reformer Fried&bbarhard von Rochow (1734 — 1805) followed Comenius
in his pedagogy. It was thanks ¥on Rochow that elementary schools in Austria-Hungatged to trivium
(reading, writing, elementary mathematics) natural sciencesiewkedgeof selected species of plants and
animals, elementary knowledge of biology and gggl and some knowledge of national geography and
history. This was achieved by teachers through the methbdeading scientific articles with teacher’s
explanationsj.e. a method proposed by Friedrich Eberhaoh Rochow. The method was used for about 200
following years (Schmitt, 200IJhe method was the first generally usetethod of teachinghatural sciences

on the territory of contemporary Czech Republic. lotfidne method was the first attempt to transform the
content didactically. His method is still used today.

2.2 Classroom equipment

Learning texts were not the only aids used when teaghmatural sciences. In soiee education schools also
used other aids such as maps, globes and collectibpsoducts of nature. The scope of teaching aids used at
a particular school largely depended on the initiatioethe teacher who was igharge of the collection.
However, gradually classroom equipment was unified. &ample The Educator's Encyclopaedia (Smith,
Krouse and Atkinson, 1961) includessaomplete chapter on &mce laboratory equipment. It gives a list of
several dozens of aids that forthe basis of school equipment.
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Figure 2Historical furnishing and equipment of a school — openvaiseum Poln&, Czech Republic

Contemporary classrooms are very likely to be equippid gomputer technology that allows teachers to use
various multimedia and interactive materials. In somsasaeach pupil is working with a computer or other IT
devices.

Figure 3\ vaaksy Upper Comprehensive School, Finland el#gsroom and Gymnazium nad Aleji, Prague,
Czech republic — Genetic laboratory

Some schools (see Fig. 3) do not only have the usmagibment but highly specialized classrooms and
laboratories built thanks to sponsors or withime frame of research or development projects.

Apart from school teaching aids, teaching and learning cam la¢ suppded by using products of nature —
living organisms and mounts. These are called model sgen

A model organism is such organism that is expldrgdhildren/pupils not only to dicover this one particular
organism but also to develop the pupils’ ability to explaed to raise their awareness of diversity of
organisms.

A model organism is studied veryottoughly. Children and pupils are afterwards expected ¢oable to
generalize and transform knowledge and methods to situetiof exploring other organisms and objects.
Historically we come across several traditional moolglanisms, e.g. the earthworm or the bee, which are
used already in textbooks f@ustria-Hungarian schools.

When selecting model organisms we should be guidsd

€ their availability — it is beneficial if they can also be obed and possibly even manipulated with
spontaneously, e.g. in a school garden, or if tbay be turned into semi-permanent or permanent
mounts. That is why model organisms should not ineltatte or protected species.

€ their representativeness — the organism must béahle for studying the given topic (e.g. petals
and pistil must be visible if exploring a blossom) #mel findings from observations must be well
generalizable (that is why any use of model species witlsual life cycles or species systematically
marginal, e.g. a platypus, is not recommended when teagktience to very young learners; they
get to know these later).

€ the effort to cover as wide spectre of orgamis as possible (model organisms should include
representatives from all kingdoms, the plant kingdshould be represented by a herbaceous plant,
bush, trees, both coniferous and deciduous gtepresentatives of all phenomena (water and
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terrestrial organisms, flying and non-flying ongmms, organisms with caplete and incomplete
transformation, various types of fruits, organismith various strategies of avoiding a predator,
organisms with different form of maternal care etc.).

Model organisms can be studied in a school garden. ih& new trend that can be observed in many
European countries — the use of sch garden in science lessons. Thentt is a reaction to criticism from
1960’s when Edward Dale (1967) said that the typaqggiroach to teaching biology in the secondary school
today almost totally ignored the study pfants and animals in the field.

2.3 Fourth revolution in education — Use of technologies

The fourth revolution in educatio is still in progress and is charatted by major use of education
technologies. Introduction of technologies into teawfpichanges teachers’ and plg attitudes to teaching
and learning. Modern technologies replace traditional methoti&ecturing and the use of blackboards. Use of
technology in classrooms falls into two categories. Usedinology by a teacher for explanation and teaching
and use of technology by pupils foreilh own individual work. Both categories could be camgeoss in lessons
as early as the first half of the twentieth century. Aviility of technologies hasiowever, changed a lot since
those times. It has become more accessible but dls potential of its use has grown. In the 1930s’
experiments with use of technology involved filmad simple learning machines. Nowadays teachers and
pupils work with computers with virtual reality. Stilimilarly to the fact that textbooks are still used in
lessons, classical aids still have their place at schoolsllRien in education hasot resulted and should not
result in replacement of the existing learning materigyssomething else. They should only be supplemented
and enriched.

3. Learning theories, astraction and models

3.1 Piaget and abstraction

Contemporary theories of learning very often come ofiPiaget’'s claim (Piaget, 1979, p. 23) that knowledge
does not result from a mere recording of observatiotheut structuring activity on the part of the subject.
Piaget explained that knowledge proceeds neither sol@ynfthe experience of objects nor from an innate
programming performed in the subject but from successtenstructions (Piagel,977, preface). This means
that assimilation and reflective abstractiptay a key role in the learning process.

Learning does not occur and cannot occur without a paipit'a student’s activity. When studying a new object
or process, the pupil or student must be able to fit@ signs which link the studied object or process to
already familiar objects and processes or must be able éotgav they differ from these. With the help of
generalization or abstraction the pupil or the student construgtslitatively higher-level knowledge that
incorporates the already acquired éwledge and allows its applicatioon yet unfamiliar objects (Hejny,
2004). This process may repeat and piecdenofvledge are linked on various levels.

Models used in lessons support the process of cognitioseveral levels:
€ they represent real objects, often those that cannot be reackedily, they allow learners to grasp
these objects, their functions and procesdbat take place in or on them ,
€ they allow learns to make links between the studied objesitgl already acquired knowledge
(analysis and synthesis of knowledge), which is foltblwe construction of a new concept in their
minds,
€ they develop abstract thinking, pupils learndmeate isomorphism (see Slavik, 2004).

3.2 How we learn

When using teaching aids, various senses are activated. Stpports both learning and remembering.
Sampath (1990) states that a pupil learns using diffesentses as follows:

1% through Taste
1.5% through Touch
3.5% through Smell
11% through Hearing
83% through Sight

a dh b dh dh
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This means that using visual perception in lessons fhputi any doubt, esserml if learning is to be effective.
It is important to realize that when working with tactileot only visual aids, we at the same time activate
touch and smell, which makes for other 5 % of sources.

However, the process of learning is not decisive imwwsupils actually remembeiThe way pupils work with
information is of major impact on what they rememh Sampath (1990) uses the following classification:
Pupils remember:

20% of what they Hear

30% of what they See

50% of what they See and Hear
80% of what they Say

90% of what they Say and Do

a dh b dh dh

Interactive materials that require frorthe pupil only passive watchingilinthus be much less efficient than
materials which allow pupils to work in groups and whielm be discussed.

Even more attention to further processing of informatios paid by Dale (1969). He studied how much
information we remember two weeks after we have presed it. The results of his research are presented in
the following graph:

Figure 4. Cone of Learning (from litemind.com)
3.3 Generations Z and Alpha

Use of technologies may be regarded as a readiiothe changing needs of children and pupils. Sinc® 19
century sociologists have been aware of the diffeendn acting of members of different age groups.
Generations started to be categorized according to theifyimg features and labelled by letters of Latin and
later also Greek alphabet (confer Posnick-Goodwi10). Of course the boundaries between different
generations are not sharp. However, this approach allowdouslassify, typologize and follow trends in
society. One of these trends is alienation from matuContemporary schools educate generations Z and Alpha
(on primary school level).

Generation Zrefers to people born between 1990 — 2000, i.e. mupgiirrently at lower and upper secondary
schools and universities. Computers and the Internetamee common in households in their childhood, they
had the chance tglay computer gamesSrahYkova (2013) states that 88% pf children claim the “enjoy”
computers in general, 72% claim they like computer games

Researchers speak of this generation’s bond to digitairenment, both in their free time and in education.
This generation prefers computets books (Posnick-Goodwin, 2010).
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Sociologists describe this generatias egocentric individualities more focused on consummptioan their
predecessors used to be. At the same time the inldizls are very creative, they can cooperate with each
other and they like sharing the process of achievingsulte especially in electronic environment (Posnick-
Goodwin, 2010). This generation is adwracterised by a decline in science literacy (Whitdf Wonsulting,
20009).

Generation Alphaefers to individuals born after 2010. This meahey are preschool children or children just
entering primary schools. They were born into houddeaequipped with computers, Internet, iPhones, iPads
and they are surrounded by a number of interesting appliceatideveloped specifically for this age group as
well as for their parents who also spend their free tinlaying computer games or on social networks. This
generation spent much less time playing outside, in theeets or in the foreststhan their parents or
grandparents. Family trips are becoming rare. Childremfgeneration Alpha are often afraid of animals or
they have very romantic ideas about them and love thelhwithout any respect to their basic needs (welfare).
Some of these children are even afraid of trees and wdddaa ¥ova, 2015). Their bortd electronic digital
environment and new technologies is even strongearthin generation Z (specialists sometimes speak of
dependencg If they hear the word “mouse”, they think of a computenouse, not an animal. The
prognosticators say that children from generation Adplvhen they grow older will not respect the teacher
(authorities at work), they will prefer sedentary jobs amshie office, willbe very good collaborators and will
be even more creative (White Wolf @sulting, 2009, Posnick-Goodwin, 2010).

3.4 Classification of models accordijrto the level of abstraction

With respect to the relationship between a model and a regeobwe can classify models in a broader sense
for didactical purposes according to the level of absticn that is needed to grasp them (adapted according
to Harrison and Treagust, 2000) as follows:

€ models of easily accessible objects

€ models that allow pupils to see, observe, ‘feebjects that are usually not accessible

€ models that require abstraction

€ models that represent theoretical knowledge; warith them requires not only abstraction but also
relativism

3.4.1 Models of easily accessible objects

These are models representing animals, plants and othedumts of nature, objects that children can see in
vivo (e.g. models of earthworms, ants, flowers, comn@rech mushrooms etc.). Mddeshould first be the
same size as real objects, later they can differ in s&e,be enlarged if the observed object is too small (ant,
flower) or reduced if the observed object is too kégg. giaffe). In fact, plush, plastic or wooden toys are also
models if they are faithful representations of productsature.

3.4.2 Models that allow pupils to see, observe, “feel” objdlet are usually not accessible

These are models of products of nature, animals andtplan their parts, common objects that cannot be
manipulated in real life for various reasons, are accéssilith difficulty or completely inaccessible (at least to
young learners), or models that allow manigtion impossible with real objects.

An example may be a model of an anthill that shows a setticorugh this anthill and allows pupils to observe
what is inside without aaally destroying it.
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3.4.3 Models that require abstraction

Figure 5:Schema of mitosis, Waldorf Iyga in Prague (Svobodova, 2016)

These are models of objects that are inaccessible tstrpeople, e.g. the above mentioned model of a DNA
double helix or models of cells or processes goingn acell (mitosis). Pupils should lexpected to work with
models requiring abstraction only after thorough traigj i.e. after consistent ahmethodical work with
models from previous categories. However, tkisften not the case in school practice.

3.4.4 Models that represent theoretical knowledge; wavith them requires not only abstraction but also
relativism

Figure 6:3D Model of methanol (non-space filling asphce filling) from th@rogramme Wolfram|Alpha

A specific category are models representing newest thesotihhat have not yet been empirically verified. An
example of these are e.g. models of atoms or ssj@tem as they were changing through history.

Models of this category are used to verify and improveatties on how a phenomenon works. A model of an
atom is not meant to reflect its real shape but to Hight certain properties and relationships between the
particles the atom consist of. In albatt models, the model always showslpisome part of reality. Thus in
history of natural sciences one canme across paradoxes in scientistgerpretations and the models they
use; for example, light as waves versus lahparticles (photons) (see Fosnot, 1996).

3.5 Work with models in natural sciences

PISA (Janik and Stuchlikova, 2015) defined wottk mibdels (in the broader sense, i.e. including two
dimensional projections, computer simulations etc.)oag of the problematic areais science education. We
believe this to be caused by the fact that work with misdeannot be grasped at once, it needs to be
developed consistently and methodologically from verglyeages. If a biology teacher projects a complex two-
dimensional picture of a complex model (e.g. DNA deuiglix) without any previous work with models to
their pupils, the teaching cannot kefficient and weaker pupils will gebmpletely losin the topic.

If a model is to be understood efficiently, it must beatetl to the real object it represents. This connection is
called isomorphism (Slavik, 2004)islthanks to isomorphism that pupidse able to understand a model and
match its properties to the properties of real objecthey are learning about. Our research in science
education showed that Czech biology educators pay vétg kttention to work with models. Work with
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models is not a part of pre-service teacher training cutacand is not addressed by textbooks of science
education (see e.g. Altman 1974, Pavlasova, 201¥hak, 1967). Thus it is netrprising that teachers pay
little attention to the topic and someties even lead pupils astray, for examply referring to a model of a cell
as to a cell.

We also discovered that very few teachers pay aftamtto a systematic development of abstract thinking
needed for grasping models and their meaning. Worthwmodels is paid more systematic attention in the
curricula of alternative schools (Morgsori, Waldorf lyceum) than in statehsmls. Much wider use of aids can
be also come across in home schooling where p@resometimes borrow teaching aids from the above
mentioned alternative schools. Moreover, introductioof new technologies often results in replacing
collections of models of products of nature by elecimteaching materials.

Example

A teacher, when asked why he was getting rid of petuand models of products of nature from his office,
replied that they were no longer needed as the aohpurchased computers and a beamer. His lessons were
now based on PowerPoint presentations and he was usinglriternet. Old aids were too large and their
maintenance too difficult.

Figure 7 Models of flowers discarded in 28 and a using of models by 4 §rader

This is wrong. Technical aids may help to learn kedge of a topic, but om generally acknowledged
didactical principle (Obst, 2006) states that the go#lan activity is not only knowledge but also other
important learning objectives. These are appropriation dfedent methods of work, learning to work with
different types of visualisation, gettingxperience of work with models,drease of environmental awareness,
pleasure from discovery (Jamikova, 2015). This implies that one tbe objectives of education in natural
sciences is development of the skill of isomorphisshneen a model and object, and of abstract thinking. To
achieve this goal it is essential that pupils work witifferent types of visualisation. This must be done
coherently and methodically. Physicalodels are an important step between real objects and th@iual
visualization.

4. Guidelines to practice
4.1 Types of models

With respect to their purpose, models in natural sciem@an be divided into two basic groups — models of
objects and models of relationships and processes. Batke categories are often connected and it may not
be possible to separate them, e.g. the model Solaresgsioes not only give information about planets but
also gives a lot of information on their relationshipssgible positions and orbits. On a higher level, a motiel
an atom is not so much its physical visualizati@mlargement) but more a schematic illustration of
relationships between the parties that make up an atom.

4.1.1 Models of objects

Models of objects can be divided into three basic catezoIThese are:
€ lllustrations
€ 3D models
€ Collections of products of nature
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Computer technology only allows models of the first teadegories. We must never forget the importance of
work with real objects and be aware of both thevatitages and disadvantages of computer models and
absence of real objects in lessons.

lllustrations

lllustrations can be in colour or black and white. Thésp differ in size. They may require small or moderate
degree of abstraction. lllustrations include drawingsaintings, photographs butlso various types of
projections.

Figure 8 lllustrations owned by the Faculty of dghtion Charles Univsity, Czech republic

Although it may seem the best way to represent produotsnature is to use a photograph, it is not true.
A scientific drawing can highlight the properties that assential for determination of a species and thus
depict the species more accurately.

3D models

By 3D models we understand objects that representlacted natural entity. The teacher should deliberately
present models from various materials (wood, plastidiish), of different colours and sizes to pupils.
Developments in technologies brought about interaigyivof many of the models. Thanks to technologies
pupils can observe three dimensional objects eithertlly means of stereoscopic projections or thanks to
augmented reality (see Jamik, 2016).

Figure 9 3D models used by authors

Figure 9 shows selected aids used by authors of thisep for development of abstract thinking and
isomorphism in primary school pupils. Reduced modeidsdels of solar system, of dinosaur and elephant),
enlarged models (models of the life cycle of a ladykamt, stag-beetle, mosquitojnodels in the same size
(models of a bat, germination). Also representatiorhafching and growing of a duck. On the second photo is
old 3D dynamic model of baby birth.

Products of nature and natural materials

Mounts are a specific kind of 3D models in a ldgrasense. Mounts can be temporary or permanent.
Permanent mounts are for example staffed animals andrtpaits (skeleton, leg with claws etc.), herbarium
items and collections (entomological collections, coltetdi of minerals and rocks etc.) When exploring real
natural mounts pupils use other senses (e.g. touch) gaid experience they would never gain from modern
technology.
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Figure 10 Biology collection of the Department of biologydaenvironmental studies aharles University in
Prague, Faculty of Education

4.1.2 Models of relationsips and processes
Similarly to models of objects, model of processes rtationships can be divided into categories as follows:

€ Static schemas
€ Dynamic schemas
€ Interactive models

Static schemas

A static schema illustrates a relationship or a processpal ®ito learn. Static schemas require a high level of
abstraction on the pupil’s part as the progress of thegass must be visualisdry the pupil. On the other
hand they allow us to describe and capture the main pafta process and partially also the circumstances
under which the process takes place. The internetvjites an unlimited number of schemas describing
processes and relationships.

Dynamic schemas

When using dynamic schemas, pupils may observe theseaf a process (either directly or schematically). In
case of dynamic schemas on computers the pupil céecsevhich parts of the prcess will be displayed and
can then observe the depiction of their course.

Figure 11Human heart in the application Body 4D

Thanks to augmented reality used time application Body 4D, pupils can view the activity ofman heart,
listen to heart beat, they can view it in different pergtiges and at the same time choose one of its parts and
select an activity of this part at the different phases of its\aisgti

Interactive models

Interactive models allow pupils not only to study the pragref an activity/process. Pupils can also influence
the progress by changing variousrameters. Interactive applicationgsually use mathematical models
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describing individual phenomena and their relationshipse of the best known examples is the simulation of
fox and rabbit population foxes on a given territory. Baipan choose more than the initial number of animals.
They can also change the parameters affegtheir number (Breed rate, Death rate).

Tady vypadl ten ekologicky model. Je to ok?

4.2 How models differ from real objects

Models are not real objects, they only represent them. Waiith models always requires abstraction. The
following text first presents basidifferences between models and real objects. Then medek classified
according to the level of abstractionahis needed for their understanding.

4.2.1 Reality versus model

Models that pupils meet always differ from reality. @hworking with models we must be aware of these
differences and address these differences when intiidg models in lessons. The most common differences
between models and reality are the following:

€ Schematization

€ Different dimensions

€ Different duration of the process

€ Lack of stimuli for sensory perception
€ Lack of variability

4.2.2 Schematization

Many models use schematization. Some schemas ren®riously known in our culture (e.g. a circle
surrounded by lines = sun). Other schemas require &tiluc and their mastery is the sign of expertise in some
discipline (e.g. symbols for men and mwen, symbols used to describe flower patterns and alsplys and
diagrams, e.g. climographs).

4.2.3 Dimensions

A human as an observer has their physiological dispaositibhis means that too big organisms (solar system,
whale or dinosaur) or too small organisms (microorganiare)hard to observe. Models are made to allow us
get to know these too big or too small objects with moese.

One of the key prerequisites for understanding workhwinodels is abstraction of dimensions of the studied
object — the pupil must be aware of the fact that a mbdé a cell is much larger than a real cell or that a
model of an eye is much larger than a real eye. Ogtinthe pupil can represent thsize of the real object.

4.2.4 Duration

Figure 12 Representation of sound wave in the series Magic Sdbuas!
Analogically also the time scale might be differentnindels of processes. The model may be faster (e.g. a
model of soil erosion or a video of cell mitosisslower (e.g. a videof a running cheetah).

It is much harder to give pupils are of time duration of a process thasf its dimensions. The progress of
phenomena can be so fast or slow that a parallel imaglie to pupils does not exist. The figure shows an
example from the series Magic $dh Bus where pupils observe propaiget of sound wave using special
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glasses. In order to demonstrate that sound propagates wave, its movement is significantly slowed down
while movement of people is not changed.

4.2.5 Models do not provide complexrauli for sensory perception

One must always bear in mind that when working with modalpils are deprived of a significant part of
perception that they would experience if they were ¢ontact with and manipulating real objects. A living
animal unlike its model has a unique smell, is wamd soft when touched, makes sounds and pupils may
observe signs of its life (growth, excretion, ingestie.). Although some advancepplications for iPads and
iPhones can simulate some signs of life (e.g. mvhey can never simulate all of them.

Example
A six year old David answered the question: “What is m&tuas follows: “I think animals. On our tablet we
have sheep, cows and maybe we will have a dog and &\&atlso have wheat there. It grows in 5 minutes.”

4.2.6 Lack of variability

A substantial disadvantage of modelghsir lack of variability. Models uslia represent the typical situation.
But variability is common in nature (e.g. fingerprintsesery person are unique, there are no two identical
leaves etc.). Teachers should work with &hility but they very often try to avoid it.

Example

7™ graders were asked to bring a tulip flower to a bigiggacticum. They were observing it, mounting it and
recording its petal pattern. One of the pupils discovehe tulip had only five stamina (usually it is 6) and
informed the teacher about this. The teacher accuskd pupil of having bought this “defective flower”

deliberately to spoil the practicum. The pupil was akke record a standard tulip flower according to a
drawing on the board in her worksheet. The teacher fatiedise the potential of the situation and failed to

work with variability.

4.3 How to bring models into lessons

Work with models of this categorynd the ability to make them and improve them is in fact thegdgerm
didactical objective of samce education. Naturally not everybody isl@tio achieve the level of work with
models that represent theories, to create them and look fagittshortcomings. The goal of science educators
as well as developers of applications is to maintaie tlumber of scientists who have actually acquired this
ability (PISA reports are very critical and speak of teni@l decline in the number of people who have this
ability) or to increase it (Jaa tkova, 2015).

When creating teaching materials osbould be aware of the fact that models always represent arpart of
reality. If they are to be used properly, pupils mustthaght how to work with them and how to distinguish
between a model and the object or the process it represeWiben creating teaching materials, the following
three principles should be respected.

4.3.1 Proceed from simpler to more difficult

Models must be included in lessons gradually, startinghfeimple models and moving to the more abstract
ones. It helps if the first models represent objectattpupils are familiar with. The use of these models is no
motivated by introducing the objedb pupils but by the effort to intvduce pupils to differences between
models and reality.

The principle of progressing from simpler to moréidult objects is more thamelevant when using audio-
visual technologies. Mangal (2008) &sithat selection of appropriate audigsual aids in relation to the age
group of students is very rare. Teachers often fail @ize which audio-visual aids are most suitable for young
learners, grown-ups and higher grade students. Onthefreasons why this might be so is that a number of
teachers have minimal personal experience of approprigge of technologies in education. They have not
used these technologies at schools and very ldttention is paid to it in teacher education.

The advantage of this approach is that pupils leéwnwork with models and gradually develop their

competence for future work with models and for understamgl even more complex and more abstract
models.
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4.3.2 Showing the ratio

If pupils are unaware of the differences between modeld aeality, teachers mugtay attention to pointing
out the differences between the depicted phenomena andlitg. This puts high demands on the teacher. First
of all, the teacher must understand what a model is, mustaware of the fact that a model is only an aid for
description of reality (it is quit common that the teacher refers to the model of a cslt@acell). The teacher
should also know the level of theaupils’ competence in work with modtie should be able to estimate to
what extent their pupils may grasp the new model. Ald® teacher must be able to assess how well their
pupils cope with grasping the model.

4.3.3  Example of good practice — Magic School Bus

Ratio of dimensions is well shown the series Magic School Bus. Dimensions are reptedehere by
enlarging or making smaller the busdasubsequently comparinigjto objects pupils are familiar with. In case
the reduction exceeds pupils’ imagination (e.g. te thvel of cell), it is done in several steps.

4.3.4 Problematic work with size of the model

Work with the size of a model can become ratheolkdematic in case of some applications that use
augmented reality. The size of the degidtobject in relation to real lifebjects depends on the user and does
not have to correspond to reality. For this reason we dbammsider use of these applications with very young
learners as didactically correct.

Figure 13 Magic School Bus — Observing ants Figure 14Becky 3D Stereo Card
4.4 Learning outside of school

A wide range of teaching aids and materials discussedsratticle are freely accessible and are used not only
at schools but also in informatducation outside school. Children get educated by Td @ternet
programmes, with educational toys and knowledgenga, but also when woikg with apparatuses and
devices (e.g. microscopes, astronomy binoculars, heragtations) they were given by their parents.

A stand-alone group we focus on in our research are heaoimolers in the Czech Republic. In the home-
schooling community learners and their parents lend eattfer teaching aids and also share instruction on

how to make them or share experience with their utis exchange involves computer programmes and tips
for educational programmes. It is much more common iome schoolers to have science “lessons” in the

open. In comparison to school education home schmkpend more time observing the surrounding world

and recording their observations in longitudinal projects.

4.5 Computers and models

Thanks to the Internet and computer, documentaries and etiooal programmes about natural sciences are
available to pupils without any limits. Thus pupils casenke behaviour of species in the wild that they would

never meet under different circumstances. However, thebservations can never fully replace direct contact
with wildlife and nature. Children nowadays show syonps of alienation from nature. That is why science
education must include also activities in which childgehthe chance to build relationship to wildlife, to use

all senses, i.e. also touch, smell and hearing. Thsnisthing that computer models still fail to provide.
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4.5.1 Dangers of use of technologies

The use of modern technologies bears also other riske. easy availability of materials may result in their

overuse. Displaying too many audio-visual aids simelbasly in a single class can be very confusing for
students and even for teachers as well. Concepts @zerlap and can lead to misunderstanding and poor

retention (Sampath, Pannneerselvam and Santhan, 1998).

Use of a model is not only in the handf the author but also of the edator who works with it. A model is a
model and cannot be taken as reality. However, developémspplications try to use names that evoke the
idea that the applications present real animals, plants, natlibat can berery confusing, especially for young
learners.

The teacher must never get the false impression th&gractive materials are self-explanatory. Prasad warns
that illustrativeness of materials does not guaranteeyttwill be understood correctly. A teacher’s explanation
is essential if misunderstanding should be prevent®therwise instead of passing a concrete concept, the
model will lead to misinfamation (Prasad, 2005).

5. Conclusion

Development in natural sciences rdétga in a situation when pupils age across computer simulations of
organisms and their parts or processthat take place in them more and more often. This pjue® demands
already on very young learners. They must have thexi§ip skill of abstraction and the ability to understand
the relationship between the (most often virtually presedjanodel and reality.

Not enough attention has been paid to work with modelscience education (not dnin the Czech Republic).
There is no thorough methodology of work with modelglanis not included in pre-service teacher training
deliberately.

The situation in which pupils andustents are subjected to two dimensional models or objdnte-learning
without actually seeing it with their own eyes needs cetesit preparatory work with models of objects the
learner are familiar with, can view and touch. The samest be done when preparing learners for work with
three dimensional projections.

Undoubtedly a lot of attention will havto be paid to work with models. The ability to work wittodels has
grown indispensable and its importankeeps growing. The goal of this paper is to start an exgelate on
this issue.

Appropriate use of models in education is very beriafi Audio-visual and interactive materials make the
teaching-learning process more sussful and interesting. Miern technologies alloyupils to get acquainted
with natural objects that woul otherwise be inaccessible.

An extensive area that needs further research and tieg great potential for school practice is the area of
interactive computer models that connect descriptikeowledge of studied objects to their activity and
functions by placing them ia larger contexts. 3D technologies, inding augmented reality (e.g. 3D anatomic
atlases), have significant potential in the field exfucation. This means the gsi@n of how to use these
technologies efficiently remains topical.
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Abstract: “The use of e-learning and modern technologies isngegral part of teaching desiptive geometry” (Rankowski
and Minaruth, 1979). Teachers often credtash animations, websites and othieteractive materials for their students
using special tools and software; e.g. Cabri, GeoGeb@oostuct 3D (Garcia et al, 2007). There is an option of ingallin
GeoGebra plugin within the frame of LMS Moodle, whickultsin having two important parts of self-study in one place.
Thus, it might be a solid background for creation of irdgd materials, which should support the development of spatial
imagination. However, “this is the abjlimost students lack, which results invivag problems with understanding simple
tasks in descriptive geometry” (Gittleand Judith, 1998), which also leads to taet, that Monge projection is not a
favourite topic for them. This article continues the pajegrdidnova and Poruba, 2016),which paper models of basic
tasks in Monge projection, designed apportive material for teaching geometry, wepresented. The aim of this paper is
to introduce interactive materials for Monge projectionhieh are implemented into LMS Moodle, as well as show results
of pilot research of influence of using these materiatsstudents. Students have geometrtasks, anaglyph models and
templates for creation of paper models, wh were used for better visualisation of geometric raaships in space, at
disposal. Outcomes of pilot research gueshaires and tests are processed by basatistical methods, e.g. Wilcox test.
Outcomes of pilot testing influence furthehanges of usage interactive materiatgld MS Moodle in self-study process.

1. Introduction

Imagination is amazing and uniguaiman ability, which is connected to creation of imagega& and
concepts. Molnar (2009) defines geometrical imagination sstaf abilities which relate to reproduction and
anticipation, static and dynamic ideas about shapdsjbaites and relations among geometrical figures in
space. Slezakova (2011) argues that students haladively underdeveloped gemetric imagination. They
understand some terms only formally and have dispmtipoate problems with solving geometric problems.
This problem has many reasons. One of them is verg Litite we give to teaching geometry and geometric
expression at all. On the other hand, there is lack of natitim of studentsas well as their dislike to this topic.
“Students have different dispositions to develop sphtiad geometry imagination, the rate of development,
however, depends on education and learning. We kionge dimensional space vewyell, because this space
is natural for us and it is about us. The ability to visaadigatial situations is not innate as given. It must be
deliberately developed” (Ferdianova and Poruba, 2008)e way of improving the imagination is the use of
geometric models in teaching.

Jana Xk (2016) uses dynamic models using 3D projectiaminses of teacher’s training preparation. Models
are very often used in teaching Descriptive Geometrthan Architecture courses. “Descriptive Geometry for
architects should provide Isic information on the geostry of shapes as well asn projective methods”
(Schmid-Kirsch, 1997). Schmid-Kirsch (1997) creatmtblmfor Helical line on a cylinder, Clockwise and anti-
clockwise corkscrew and so on for teaching DG at Faculty of Architecturén Hannover University. He
wanted to motivate students on lectures, when each topic weesented in different ways, so that all senses
are involved, not only the brain. ScidrKirsch (1997) asserteaf a conclusion, that the knowledge of various
methods (traditional and new) gives the chance to sethetmost suitable one. stead of presenting a large
number of finished solutions, it is recommendable tolwee the number of treated problems and solve them
step by step. This produces more independence, imgsahe sense of orientation and the problem solving
strategies. Brahkage (2004) presented using WinQA®dows version of Computer Aided Geometry) in
teaching Descriptive Geometry. Option tools and viepeats of WinCAG, which teacher can use in a lecture,
were shown in the article. This application can contribistelidactical aid and to geometric spatial cognition.
Vogt (2015) created a special e-learning course for stigd®f Geometry and Engineering Graphics in
AutoCAD. The e-learning course obgaim book of theory, tutorials, drafts for each of the cowktepics,
advantage of animations, instructial films and online quizzes. Putz0QAd) described using of didactic
principles and shows effective methods demonstratedeaamples of Monge projection in lecture Descritpive
geometry for architects. The lecture was attended by aboud 2&udents - he need use another teaching
methods than me. He used excellent motivationabmple of a ,tree house“, which consists of a cuboid
standing on one of its corners. Students constructed drgviinMonge projection and after that they built real
paper model in teamwork.
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All these approaches seem to be very enriching. Unfately, they have not been atistically tested yet - it
cannot be statistically confirmed, which of thesethods is more effective or brigs more benefits.

The excellent book for teaching Monge projection, inakh3D models of tasks are included, is Basic examples
of descriptive geometry in models (in original Zdkiailohy deskriptivni geometrie v modelech by Kakova,
2002). Geometric shapes in Mongeojaction by Jakub Poruba is vesinilar bachelor thesis like the book
Basic examples of descriptive geometry in models.répeesented a few parts from this thesis on conference
Aplimat 2016. The work contains 12 paper models of Mopgpjection with complete drawings and so on.
Our aim is to introduce interactive ndels for Monge projection, which are very easy to use-learning, as
well as to show results from practical lesson in whiaky were used. Models of simple tasks were created in
dynamic program GeoGebra, anaglyphsevesed for better visualisation gfeometric relationships in space.

2. Anaglyph

Anaglyphic stereograms (anaglyphs) are stereo painmafles in which each image is shown using a different
colour. This method consists of primgj two negatives which form the s&wscopic photognah in the same
paper, one in blue (or green), one in red. Two-oolwegative are created from two central projection images
projected from the centres approximately 6.5 centimet apart, which is the centre distance typically
between human eyes. The viewer would then use cologildses with red (for the left eye) and blue or green
(right eye). The left eye would seeettblue image which would appear bkaavhilst it would not see the red,;
similarly the right eye would see the red image, thigistering as black. Our brain then creates a three
dimensional image and we would see the illusion in frofor in the paper, see Figure 1. This is an illusion in
principle.

Figure 1 Orthoscopic (left) and pseudoscopic view (right)

Wilhelm Rollmann first illustrated the principle of the ahaa using blue and red lines on a black field with
red and blue glasses to perceive the effect in 1853 this method was for line drawings only. In 1858, Joseph
D'Almeida came upon a new way to view space basethersame principles. In this system, two images are
created using two different lights, red and green/bliy looking through the light filters, one achieves 8i2
effect. The technical term for this ¢anique was anaglyph. Alexandr (89%rgues that the word anaglyph
comes from the Greek anagluphos, meaning “wroughba relief”; this comes from the word anagluphein,
which means “to carve in relief” (ana = up + gluiphe to carve). Wiliam Friese-Green patented a
camera/projector almost identical to Varley's stereopic model in 1893. He demonstrated film X-Rays and
the first film was shown in Britain. Anaglyph filmsreverery popular in the 130s. Anaglyphic stereograms
were used in education and science. For example th&&i@ogical Survey has theands 3D full-color images,
which depict the geology and scenic features of th8.National Park system. Scientific images also include
the presentation of complex multi-dimensional data satel stereographic images of the surface of Mars by
NASA. During the time, graphic designers have createdyptagomics, movies, videogames and so on.

3. GeoGebra

“GeoGebrais free and multi-platform dynamic mathematidsansoe for all levels of education. It also is a
rapidly expanding commuyi of millions of users located in jusbout every country. GeoGebra has become
the leading provider of dynamic mathematical sadte, supporting science, technology, engineering and
mathematics (STEM) education and innovations in teachinglearding worldwidée'. (GeoGebra, 2016) This
software contains special areas for Geometry, Algebra $meadsheet, all of them are connected and fully
dynamic. Interface of GeoGebra is user-friendly, yauuse too many tools for construction. Main advantage
of this software is in visualization of geometrical prabfe Every construction or sheet can be saved as file
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with file name extension .ggb, exported to Dynamic Woeethor can be uploaded to GeoGebra tube. Every
user can create an account in GeoGebra tube webaitd he can also see materials from other GeoGebra
users there. It is a big benefit for authors, becaugkél lose all their GeoGebra files in their computers, they
still can find them safely saved on GeoGebra Tube. Tie ailows creating examples, sheets or special tools.
Important part of GeoGebra is option of creating Cusfbools. Any tool can by created on the basis of already
created general construction. Such tool is then représdrby its own icon in main menu, which makes the

tool handy. Another advantage is, that we also create a dicecbmand by this way, which can be used in

Command line. Created constructions can be shared @G6Eera Tube or saved in form of .ggb file. Similar
constructions  are usually used in constructive getygn for general constructions such as inscribed or

circumscribed circle of a triangle, etc. For Mongejgxtion, tools for projection of a point, a straight line and a

plane were created. Detailed description of creation of thésols can be found in the paper New Tools for

Monge projection in GeoGebra (Ferdianové and Por@bay). Students thus have many already created tools
at disposal in LMS Moodle, which are, however, acakafter they fully know basics of Monge projection.

GeoGebra contains a special pluginlfMS Moodle, which enables to use it in three ways: Assigt activity,
Geogebra Tube Repository and GeoGebra questiontype. I@ntaye is that it is not necessary to install
GeoGebra on own PC. In beta testing of this plugin, aterals standardly sent to students were used.
Another advantage is creation of automatic questionngjrehich can be used for testing the level of gained
knowledge. Interconnectioof LMS Moodle and GeoGebra was idgap, which will motivate students more
for self-study.

GeoGebra was created by Markus Hohenwarter in 2000228s part of his master's thesis in mathematics
education and computer science at the University of Salzbufystria. Supported by a DOC scholarship from
the Austrian Academy of Sciences he was able to moatihe development of the software as part of his PhD
project in mathematics education. (Hohenwater and Prein@®Q7) Markus Hohenwarter then continued it
at Florida Atlantic Universit{2006—2008), Florida State University (2008—-2009). @mptksent, he works at
the University of Linz, together with the help of opesusce developers and translators all over the world. In
October 2011, GeoGebraTube, a new part of the websitas introduced to the public. Since the start, more
than 15000 materials uploaded on GeoGebraTube exlstslune 2012, they created a Chrome a Chrome
Application with extra collaborative features, such asisg/storing and sharing .ggb files via Google Drive.
GeoGebra set up a project on crowdfunding campaign okst&iter, which was focused on developing a new
version for tablets. It was a huge success — 310 baakamated 12 010 dollars (see Figure 2). The tablet
version is fully functional, which waespecially welcomed by schoolgdhe Czech Republic, which own tablets
from project Tablets for schools.

Figure 2:Printscreen of project GeoGebra from website Kickstarte
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GeoGebra has received several educational softamrards in Europe and the USA (GeoGebra, 2016):
€ Archimedes 2016: MNU Award in categdlathematics (Hamburg, Germany)
€ Microsoft Partner of the Year Award 2015: HistaPublic Sector: Education (Redmond, WA, USA)
€ MERLOT Classics Award 2013: ihdtia Educational Resource for Learning and Online Tagachin
(Las Vegas, Nevada, USA)
NTLC Award 2010: National Technology Leadership Awardhifdamn D.C., USA)
Tech Award 2009: Laureat in the Educatidategory (San Jose, California, USA)
BETT Award 2009: Finalist in LondorBiutish Educational Technology Award
SourceForge.net Community Choice Aw&d88: Finalist, Best &ject for Educators
AECT Distinguished Development  Advar 2008: Association  for Educational
Communications and Technology (Orlando, USA)
Learnie Award 2006: Austn Educational Software Award (Vienna, Austria)
eTwinning Award 2006: 1st prize for "Crop Circles &mgdl" with GeoGebra
(Linz, Austria)
Trophées du Libre 2005: International Free Software Awahtegory Education
(Soisson, France)
Comenius 2004: German Educational Media Award (Bedirméany)
Learnie Award 2005: Austrian EducatibBaftware Award (Vienna, Austria)
digita 2004: German Educational Software Award (Colognen&w)
Learnie Award 2003: Austrian EducatibBaftware Award (Vienna, Austria)
€ EASA 2002: European Academic Software Award (Ronnebyerwe

an dh b dh dh
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4. Special materials for Monge projection

We have created a collection of examples for Mongequtipn. Each example contains task, description of the
construction, drawing, paper model and anaglyph versRaper models and anaglyph version were created in
application GeoGebra. Assembling tihodel does not take more than 10 minutes and all what stisleeed
arescissors, a ruler and a glue. If we look at the modelyatlevel, it should be easier to understand the
constructions in the drawing. Anaglyph version of nlodesave in file of GeoGebra or in LMS Moodle for
viewing, student can open thfide and they can move with model. Its8ll popular — because it is easy to make
an anaglyph visualization setup. From the specialmgent you need only red/blue glasses. We have saved
all materials for our students in L3/Moodle. LMS Moodle is important part of teaching Mongegutign,
because, thanks to the new GeoGebra plugin, studentg ltanstruction tests at disposal, which they can use
in self-study process. Although it misses explanatiopasible mistakes in construction, the plugin includes a
mode, which identifies, if the construction is right wrong. However, it is the teacher who must give a
feedback. (Miarka and Zék, 2015) Before implementing the plugitio the practice, sidents only uploaded
their .ggb files into LMS Moodle and the teacher had tadload them, check them and then give a feedback
in which step a mistake was done.
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Figure 3:The drawing of the task Intersection of a triangle and asgereated by Jakub Poruba, 2016

The following example represents set of models that Haeen created so far.

Determine the mutual position of a square and a triangleth# square is given by pointa[0; 5; 7],
B[-1,2; 1, 2; ?] in planer(-5; 5; 6) and the triangle is in plarés; 7; 8) given by point&(-1; 7; ?] U4; 1,4; ?],
angleKLM= 75fand the segment lin&kMof 8 cm length. (Poruba, 2016)

The material contains detailed description of the counstion for a drawing. Students are able to construct a
drawing (see Figure 3) using the description of thestadion without the help of the teacher. If they have a
poor geometric imagination, they can assemble the papedel (see Figure 4). The last option is to use the
anaglyph version of example (see Figure 5).
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Figure 4:The paper model of the task Intersection cfquare and a triangle. photo by Jakub Poruba

Figure 5:The anaglyph of the example
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We used all materials in course on Constructionar@etry. Theoretical background and principles of wogki
with these materials were introduceduring the lesson and all needed tedals were available for students
during the particular lesson as well as after its end.

5. Pilot testing of materials

The Constructional Geometry course was introduced asohbligatory course for all bachelor degree
programmes in combination with magimatics. The course contains these parts: Planimetric pnafle
properties of conics, fundamental stereometric problenasfinity and collineations, Affinity of a circle and
ellipse, introduction to Monge projection, positionalgimems in Monge projection, Metric problems in Monge
projection, solids in Monge projection. We can see Mopggection is 50 per cent of the course. In previous
years, the success of solving problems in Monge ptiojecof 50-60% for our students. We included new
interactive materials for Monge projection tmur course for academic year 2016/17.

A test and a questionnaire were created for studentsCainstructional Geometry. The test obtained three
tasks on Monge projection with different levels of difliy. The task 1 was focused on finding step of a plane,
task 2 contained positional problems in Monge projectidask 3 was focused on ugiaffinity in construction;

for example, student has to construct a square in generahgl The test was part of the standard test in
summer terms 2015 and 2016. In total, 18 tests were distat in 2015’s group and 17 in 2016’s group. In
summer term 2016, students were sent an anomy® questionnaire through Google after that. This
guaranteed anonymity of respondents and they answered thestjons from the questionnaire truthfully,
because students knew results of the test.

Table 1:Answers of respondents for the questionnaire

Yes No
Paper models were useful 88,24% 11,76%
Assembling of models was difficult 58,82% 41,18%
Did the model help you for bette
. L 82,35% 17,65%
understanding of Monge projection?

Figure 6:The graph of What materials did you use to prepare foexam?

For students, standard lectures are still important, becausg thery often used their notes for preparation for
an exam. In our case, 100 % students used notes and sa®ie Fudents used materials from LMS Moodle.
Most of them didn’t need to find and use another materiaaly 12 % of students did it.

These days, in age of computer simulations, creatibpaper models may seem as a "step back", but these
models were very useful for our students. If we asseadlithese models in the lecture, students considered it
very interesting and a climate of group was open and kawe On the other hand, 59 % of students claimed
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that assembling the models was difficult for them. Mostdsnts feel that the use of these models led to
better understanding of the Monge projection.

Figure 7:Average point achievement of studeritem Constructional Geometry 2015-2016

We set the test hypotheses that were tested on the acquirathdising Wilcox test, because normality of data

was rejected by Tests of Assumptions (Skewness aldymest and Omnibus Normality test). We used
statistics application NCSS 8.0.

Hypothesis 1.
Ho: Students from summer term 28 and 2016 will acquire equal niyer of points from Task 1.
H1: Students from summer term 2015 and 2016 will not aegegual number of points from Task 1.

Table 2:Wilcoxon (W) Signed-Rank Test for Difference in MedianTask 1

Approximation Without Continuity Correction Approximatiornithgut Continuity Correction

Z-value Prob. Level Reject HO Z-value Prob. level tRigec
Median <>0 3,7412 0,000183 Yes 3,7167 0,000202 Yes
Median <0 3,7412 0,999908 No 3,7656 0,999917 No
Median >0 3,7412 0,000092 Yes 3,7167 0,000101 Yes

We reject zero hypothesis and accept alternative hypotheStudents from 2016 were better than students
from 2015 in task 1, (Table 2). Their averagmtpachievement increased by 8.66% (see Figure 7).

Hypothesis 2.
Ho: Students from summer term 28 and 2016 will acquire equal niyer of points from Task 2.

H1: Students from summer term 2015 and 2016 will not aegegual number of points from Task 2.

Table 3:Wilcoxon (W) Signed-Rank Test for Difference in Medi@nTask 2

Approximation Without Continuity Correction Approximationthgut Continuity Correction

Z-value Prob. Level Reject HO Z-value Prob. level tRigec
Median <>0 3,7412 0,000204 Yes 3,6898 0,000224 Yes
Median <0 3,7412 0,999898 No 3,7383 0,999907 No
Median >0 3,7412 0,000102 Yes 3,6898 0,000112 Yes

We reject zero hypothesis and accept alternative hypotheStudents from 2016 were better than students
from 2015 in task 2, (Table 3). Their averag@tpachievement increased y2,15% (see Figure 7).
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Hypothesis 3.

Ho: Students from summer term 20 and 2016 will acquire equal nimer of points from Task 3.

V "ra Ferdianova

H1: Students from summer term 20&5d 2016 will not acquire equal miber of points from Task 3.

Table 4:Wilcoxon (W) SignedaRk Test for Difference in Medians for Task 3

Approximation Without Continuity Correction Approximationthdut Continuity Correction

Z-value Prob. Level Reject HO Z-value Prob. level tRiflec
Median <>0 3,6346 0,000278 Yes 3,6109 0,000305 Yes
Median <0 3,6346 0,999861 No 3,6584 0,999873 No
Median >0 3,6346 0,000139 Yes 3,6109 0,000153 Yes

We reject zero hypothesis draccept alternative hypothesis. Studerfirom 2016 were better than students
from 2015 in task 3, (Table 4). Their average poihteaement increased by 3,82 (see Figure 7). This small
increase is caused by a higher complexity of the taskrimparison to previous ones.

6. Conclusion

Quality materials for self-study are an integral parteskry teaching as well as quality usage of LMS Moodle.
With possibility of usage of GeoGebra plugin in LMS N&p@dVIS obtains a new wave in process of self-study.
The question is where the boundaries of the amount afegated materials are. We introduced the concept of
materials for Monge projection here, especially or taterials of paper modeblnd anaglyph models of the
same tasks. For students, these materials are met with a warhcowe and are largely understood as
refreshment of lecture. Respondents were students ofrsewon Constructional Geometry. For testing, these
students have a high inner motivation and this coursedssified as very useful and necessary for their future
work. After the pilot testing, we found out, that rdssi of students were about 8 % better in comparison to
previous year. It is also interesting, that these studedid not meet the Monge projection in the previous
study in high school. These results are motivation fofouour future work, because we would like to test the
biggest group and would like to extend materials.
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Technology-Capable Teachers Transitioning to Tedbany
Challenged Schools
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Abstract: Developing countries lacking capiétgs, funds and human resources are compelled to improhe digital
literacy rates of their task force through educational initietvThis is the case of Tunisia where a stand-alone in-gervic
teacher education (Ted) initiative wasmplemented in 2014 and 2015. The aimtbfs project, the Tech Age Teacher
Project (TATP), was to equip teachers in Tunisia with tbleni@ogy skills for teaching so th#étey can dispense teaching
of a 21st-century education quality. Fiveglish language teachers, who benefitted frdiis initiative, are the focus of this
study. The aim was to explore whether amolv they are making the transition inthe technologically-challenged schools.
Analysis of the TATP documents, dmtaollected through a short teacher quiestnaire and a semi-structured interview
during which teachers give their persoraicounts as TAT trainees and their attémpo apply the ideas in real school
settings. Results indicated that teachers showed great déditaoward implementing thedeas/skills received in the
training and that they strove, as technglp-capable teachers, to integrate techngloin their day-to-day practice despite
the constraints they faced in the schooRheir accounts reveal their rationale anbtives for using technology with their
students and the strategies they employdiscumvent obstacles, but also show tttheir success in integrating technology
remains restricted by issues of infrastture, barred access to a technology spdearners' "playful” attitudes, etc. The
findings highlight these teachers' resourcefulness amhse of mission as to transformg their learners' learning
experience and changing their attitudes towards technolagg and to fostering 21st-centyreducation learning goals.
The paper concludes with recommendations foture initiatives to (re)design an¢te)orient the goals of the initiative
towards supporting these teachers' learning processes ag Itiae the transition as technolfy-capable teachers into the
technology-challenged schools. Reconmuations are made for the emerging ghessional community of technology-
capable teachers to build a networked nemunity of practice likely to foster #se teachers' reconstruction of their
professional knowledge and skills and toifigate the dissemination of ideas on the integrationt@¢hnology in education.

Keywords:teacher technological pedagogical knowledge, 21st-cgnsidills, low-technology context, teacher transition to
e-learning, technology integratioprofessional networks, Tunisia

1. Introduction

In the title of this paper, which focuses on teachersovidenefitted from an in-service initiative to empower
them with technology skills, the Tech Age TeacherdetqfTATP), reference is made to "technology-capable
teachers" and "technology-challenged schools". The étleapsulates the idea of a paradoxical situation, but
not specific to Tunisia. The reverse is also possible ssme contexts, #schools are technology-rich but the
teachers are untrained or do not use the technologgikble (Teo, 2011; Stevens, 2010; Cuban, 2001; Becke
2001). Tunisia, the setting for thisusly, has recently been recognized reports by the International
Telecommunication Union (ITU, 2015; ITU, 2014) thedAfrican Development Group (African Development
Bank Group, 2014) as a pioneering country in Africaviger of telecommunication technologies. In earlier
reports (Hamdy, 2007, pp. 7-8), there was mention of kmtetnet for All" project in 1988 and an Education
Act in 2002 which mandated the infigion of infrastructure, provisiorfor computers, internet access and
teacher training. This trend was cofisiated in 2006-6007 byntroducing a compulsory computer literacy
course (informatiqué’) in all public schools stany 7th form of Basic EducatioHamdy (2007) also cited a
series of projects meant to be completed by 2009¢ts@as reaching a level of one mobile computer per
classroom, high levels of integration of technologytéaching, provision of mobile laboratories (internet
buses) to connect rural schools and web presence focational institutions. As it turned out, these projects
were no more than a wish list thatever materialized, as revealed by formal and informal regppon the
status of technology in schools. For instance, Lachh@®3%3( p. 40) swey of 35 English majors in one
institution revealed that 58% of these students reported gstomputers and the internet for learning at
home but could not rely on the equipment and infrastruiet in the university to do work in class. Klibi (2014
who surveyed 35 secondary school teachef English, found out that 52% tbfe teachers repded that they
never used the multimedia labs or the language learnifgwswe purchased by the Ministry for the teaching
of listening, speaking and pronunciation. When askedualthe obstacles standing in the way of technology
use in schools, teachers named shortage of equigmeraintenance issues, unreliable internet connection,
large classes, and fellow teachers' rthnce to use technology (due toclaof technological skills and training
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opportunities). These MA level studjethough small-scale, depict a dlemging situation. The TATP is to be
situated in this school context which does not keep uphwlie 21st-century changes. It will be interesting to
delve into this specific anchallenging situation where sehers return to the reality of the schools where they
are working.

2. Background to the Tech Age Project

This paper probes the situation of five teachers wh@®@i4 took part in the TATRvhich was an initiative
implemented by the International Research and ExgeaBoard (IREX) and funded by the Blue Mountain
Foundation (BMF) in collaborationtivithe Tunisian Ministry of EducatioThe TATP was launched in 2014 on
the eve of the constitution of the first democraticalyected government after the "Jasmin Revolution" of
2011. Thus, the initiative was introduced at a time whpeople were hoping for a long-awaited reform of the
system of educationidentified as lacking in quality and beingebnnected from the widd of work (African
Development Bank Group, 2014).

2.1 Project Design

As stated in the IREX curriculum documents, the projectldvstart by recruiting 200 educators and then

expected to yield 25 highly-trained technologically-capdabbehers after the nine months of a training session
each year. This nucleus will be "passing on theisskdl their students and fellow teachers even though there
seems to be no provision made for this nucleubéocertified by IREX (or any other body).

The TAT programme was administer@dfour phases (see Appendix B):selection phase, a quarter-final

phase, a semi-final phase and a final phase. The labelstagefer to the phases indicate that the program is
selective so that only 25 finalists stay on. The instamcbegins, as indicated in the description of the teor

of each phase, from the acquisition of basic to morgaatted skills. The finalists receive 80 hours of intens

training in setting up virtual eomunication, using freeware, web desigand sophisticated multimedia

presentation tools.

At the end of each phase, teachers/bao complete an assignment. For iaste, at the end of the basic skills
phase (the quarter-final phase), trainees are reqdire® create "a lesson plan centered on students."
Following the semi-final stage of training, howewte assignment was more complex and school-based:

Each teacher will be asked to train 10 of her sthitdeon educational technology that they learned
themselves from (the) TAT project. As a resultthafse trainings, as a group, teachers with their
students will need to create a digital story aboukthschools, create an online presence for their
school through social mediand submit it for evaluation.

The assignment in this phase is maemplex in nature and presents aspportunity for the trainees to
interact with the students and "face" the tenhlogy-challenged situatioim their schools.

A close examination of the four objectives statedtle curriculum document leads to the conclusion that
three are strictly related to training teachers while one (8exond) refers to the possible long-term impact on
learners: "Give youth new, 21st-century skills that anslnable in a developingconomy and increase their
future employment prospects.” The three other objecyéocusing on the teacheper se read: "perception
and ability to use the internet", the kills and methods to meaningfully irdeate 21st-centuryechnology into
[the] teaching process" and "develdpadership skills, community needs awness, and intellectual creativity
of teachers and engage them in their communities."fésthe first two, they emanate from a widespread,
though challenged, concepdilisation of teacher-technology leang as encompassing "understanding” and
"technical skills" with the expectatiahat the trainees will interconneahem later in the classroom (Hanson-
Smith, 2016; Kessler, 2016; Torsa016; Grenfell, Kelley and Jones, 2003). The thicdyelver, can be
understood as hoping for these trainees to play adkership role as innovators. The TATP is ultimitely
anticipated to produce the kind of change in teachdénat will enable them to connect with 21st-century
education ideals of teaching/learning.
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2.2 Implementation Procedures

The training took place in selected schools and twemgianal Centres for Continuous Teacher Training

(CREFOCS). IREX recruited and trained regional cdordicartified Information Technology Teachers (see

Appendix 1). As such the project was given breadth émathan depth) by ensuring cross-regional and cross-
subject coverage (Hubbard,2008). The course was detively Tech Age Teachers Regional Coordinators
(TRCs) who were trained and "céed" by IREX. Bhlogic was:

Since TRCs will have technology skills and knowlgdgdl not be necessary to train them on basic
computer and internet skills, but rather help theamderstand how technology and the internet can
be integrated usefully t@ education and trainingTRCs will learn how to create and facilitate digital
dialogue and networking with classrooms in TunisdiMles taught at the ToT (training of trainers) will
be accompanied by easy step-by-step guides that walk TRGsauiers through the different stages

of projects, and FAQs answering common questiabout application of different tools...

While decisions to use technologists to teach the tecahskills was not unusual practice in the field (Hubbard
, 2008; Bakir, 2016), it ot clear how TRCs can, following a bifefuction, be entrusted with discussions
around themes like "student-centered training methodojognd the role of technology ", "ICT in education
and trends in schools around the world", "understandiraywhsocial media is used by educators around the
world."

In the semi-final stage (pendix 1) total focus is put on the temical aspect. Instead of practicing the
integration of the technology in sittied learning format, the trainees are side-tracked to work wattsmall
number of students on creating an online presence faittschool. To be fair, having the teachers "pass on"
the skills to their students can be an insightful experefar the trainee teachers but two "wrong" messages
are embedded: first, selecting 10 students (whateves thasons/criteria) would mean choosing who gets to
participate. Second, that technology is an add-on anéxra-curricular activity.

In the final phase of the TATP, the trainees are askethdag create "lesson plans” and "materials” in small
teams. There is value to the exercise as it enables thindes to learn from each other, and perhaps, focus on
choices specific to their own school subjects. Howeitaewill make more sense once implemented in a real
lesson. Thus, there is no emphasis on deepening thaedes situated knowledge dhe tools and software.
Submitting a lesson plan for evaluation is no indicatiomastery of technology integration in teaching (Teo,
2011; Hsu, 2016). The TATP pé#ptats will have to create thaecessary connections and make the
pedagogical shifts in their practice once back ia #ithools without the necessary mentoring (Slaouti and
Motteram, 2006). It is this intriguingspect of the post-TAT experience that motivated this study

The critical analysis of the TAT curriculum is based erathhor's inferenes based on what is stated in the
IREX produced document. It is not meant to underestinth&initiative. It is, in fact, a bold and admirable
attempt to upgrade the professional level of teachbedespite the short-livednature of the funding
(discontinued in 2015). The TATP will go on record lés-altering experience for many of the participants.
The objective of the study is to explore the transitioatteachers may be undergoing a year after the course.
In this sense, an exploration of its goals, pedagogigehtation and delivery mode were a first step towards
reaching an understanding of the initiative. In fact, sasdn varied contexts (Beake@001; Teo, 2011) pointed
to a host of interconnected factors influencing teacherstidmns to user not use technology and their level
of success with the integration of ¢bnology. These include length of experience, avaitalof technology,
ease of use, and suitability to the learners' learniobjectives (Becker, 2001). However, exceptionally
enthusiastic teachers, like the onesrpeipating in this study, need tgo out of their way to engage in
technology use due to the challenging situations in ttlsehools. Limited resources in Tunisia and elsewhere
(Egbert, Paulus and Nakamichi, 209#diz, 2007) can hinder the teachiofy21st century skills in the schools.
How teachers can acquire, sustain and refine their tetbpskills if they and their students have such limited
options (Goodwin-Jones, 2015; Hockly, 2014).

It is against this background that this study focuses on examimbw five TATP trainees cope once back in the
school context. Thus, the general aim of this study i®xplore how these teachers manage, if at all, to
transfer what they have learnt and how they reason about imm@ating technology-supported instruction in

their work situation. Previous research on teacher téag showed that the trainees' knowledge is constructed
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and refined in-action (Freeman and Johnson, 1998; Samnyih986). Carrying over the idea of knowledge
growth to teachers learning to use technology, researcpointing to the need for these teachers to expand
their pedagogical knowledge and develop expertise ingragng technology through experience whereby old
and new knowledge are merged in day-to-day prac{iChao, 2015; Tai, 2015; Messina and Tabone, 2012;
Wong and Benson, 2006; Meskill et al., 2002).

3. Place of Technology in Teacher Education

Ideas on how best to educate teachers to use technoldwignged over time (Bakir, 2016 ; Torsani, 2016; Fa
and Murray, 2016; Compton, 2009; Hubbard and Levy, 200 cher educators tended to produce training
textbooks and support materials for classroom teachers andheaeducators which included explanation of
how theoretical frameworks can underlie practice.gi¢ language learning methods, Second Language
Acquisition, or learning theories). Social networks wals® launched so that teachers access knowledge about
CALL through collaborative processes (Hubbard and 1086 Pp. 6-7).

Descriptive and research-based reports on existing ggreice and in-service technology training courses
indicate that three dimensions are generally coverethnology, theoretical knowledge and field experience
(Lambert, Gong and Cuper, 2008; Slaantl Motteram, 2006; Wong and Benson, 2P06it decisions about
what type(s) of knowledge, what technology tools to sekatl what sequence to follow can be hard to make.
For instance, Hughes (2004, pp. 347-355) proposefydi|mg "technology integration" courses around four
guiding principles:

Connecting technologhgarning to professional knowledge,
Privileging subject-matter and pedagogical content conioast,
Using technology learning to dienge professional knowledge, and
Equipping teachers with skills ising many technologies.

ah dh h b

Meskill, et al. (2002), who compared the "technologik'teof novice and expert teachers, concluded that
novice teachers needed more time and hands-on applioatiotechnology than experienced teachers to work
out the place and role of technology in their teachifidne researchers pointed out that experience matters;
teachers need to go through "sequential transition" as thearhehow to integra¢ technology by resolving
issues related to classroom managemeappropriateness of teaching amyaches, and of &hnology tools.
Wong and Benson (2006, p. 263) point to the issue of halividual teachers' beliefs about teacher control
and learner role(s) in the learning process determine lavel of success in integing technology. Thus, the
potential for training to transfer to the classroom e limited, as Robb (2006, pp 331-340) explains. For
instance, the content of a course may not fit the tr@é's teaching assignment @rthe tools provided at
university may not be available, the institution (or @dministrative leaders) manot value technology and
student and teacher perceptions may differ on whetheddrow the technology is meant to help in learning a
specific school subject, and so ofo increase chances téchnology training transfer, Peters (2006), for
instance, describes a solution adopted in Quebec whettelachers acquire first the basic technological skills
and then practice technology integration by undertakisituated teaching projects. As is the case in Robb's
(2006) study, student teachers felt that the tifneme of a semester course was not sufficient for
experimentation with technology integration in classms, and therefore, being technologically-capable did
not make them automatically successful iteigrating technology in their teaching.

Thus, studies of the type persuaded universities that a betfgion was to integrate technology throughout
their programs. For instance, a solution adopted thg University of Quebec osisted of introducing a
webfolio (an electronic portfolio) requirement that stadt teachers needed to maintain over the four-year
course of study. They also launchedaniine forum for the trainees to stne their ideas and showcase online
the projects they had created and receive peer feedbdtius, the choice of infusing technology throughout
the program instead of having a separate standalone s®is believed to help cultivate an integrationist view
of learning with technology in the teachers and thégarners. lllustrative examples of this integrative
approach are described by Slaouti and Mo#m (2006) and Foulger, et al. 2012.

Slaouti and Motteram (2006, pp. 82-83) describe the attetopreach a level of technology integration in the

MA TESOL program at Manchester University. The four tdohy modules: Computers and Video in the
Language Classroom, Computer-Assisteshguage Learning, Multimediam Language Education, and
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Computers, Language and Context are designed by dramin§chulman's (1986-1987) views on teacher
knowledge, and views of teacher learning as consimacof experience and the outcome of reflection
(Freeman and Johnson, 1998jctmer and Liston,1996; Shavelson and Stern, 1981pcilddte integration, a
computer-mediated tool (CMC) was infused in the fhumodule whereby students were required to post
narratives of their situated practice assignments, dise their rationale and justify their choices when
designing teaching activities. As a result, student trairees'compelled” to share their reflections with fellow
trainees. The program developers were hoping, by adagptihis delivery mode, that student teachers'
"Technological Pedagogical Content Knowledge" (TPA®@K) develop as part of the exchanges as
anticipated by Koehler and Mishra (2009). TPACK isahexxpansion of Schulman's (1986-1987) model.

The TPACK continues to be explored in technotogyses to tease out how these areas of knowledge are
combined. Of interest is Charbonneaov@&ly's (2015, p. 237) work which she evoked similar reasons for
infusing online communication and networking tool$aés blog, Skype, cell phones, web-based input, and
group emails) in a TEd course in Chile. Messina andn€af@®12) provided confination for the process of
teachers making connections in-action. Similarlyi, (2@15) illustrated how th&PACK framework could be
used to design courses and to assess in the meantimerainees' abilities to itegrate the knowledge areas
and technology skills. Many "newends" are emerging in the field emphasizing situated lesynand
collaborative knowledge construction (Hanson-SmiZ916; Kennedy, Latham and Jacinto, 2016; Torsani,
2016).

Social networks and global professional communitiesaapturing the imaginationf self-directed teachers
as personalised open systems of continuous professideeelopment (CPD). Kennedyal. (2016) reported,
based on analysis of a Research Gate (RG) onigmisdion corpus, that the general mood in the RG
discussions shows that every teachmn participate in free webinars and subscribe to specilisepert
communities where they caexchange ideas with "expert" and/or 8mice" professionals, ask questions or
seek help. In these virtual spaces teachers beconiferagulated learners, possibly designing their own CPD
programmes. University-based courses and standalone resduie nowadays constructivist in approach with
focus on the transformation of practice through situated d@sand implementatioractivities (Torsani, 2016,
pp. 120-121). According to Bawane and Spector (200938p-395), a number of changes in the roles of
online teachers have been occurrisgch as building a community of learners, sustaining tteraction,
increasing student participation, modeling for them omlimteraction, and the list is not exhaustive, require a
new set of competencies, a different response fromadkeer educators so that éhfocus is on infusing the
tools, skills and experimentation witerforming these new roles.

| have overviewed previous and emerging approadbetgacher technology education and pointed out that
teacher educators are (re)imaginingdafre)designing curricula, opting moead more for the integration of
technology and the creation of networked environmeiatsd mixed spaces, leaving room for teacher trainees
to explore personal learning paths (Kennedy et2016; Torsani, 2016; Bauer-Ramazani, 2006).

4. Research design

The study was carried out following a naturalistic ethraphic perspective (Hammersley, 1992). It started
with collecting peripheral informatio about the TATP and connecting with the wider populatbreachers
benefitting from the initiative. An invitation to the Te Age Teachers Facebook page helped the researcher
follow the second group of TAT as they were undergaiaming. There were posts about training sessions
taking place in the different distris, images of pupils working arourdmputers, the creative work they
produced and of officials visiting the training sitese Becond step consisted @malyzing the TAT curriculum
and collecting empirical data frométparticipants (see Section 3.1).

The goal was to delve into the experiences during aggbohd the training they received and the transition
back to the schools and day-to-day practi@iestions guiding thresearch include:

1. Whether, and how, teachers are managing to transfer skitben the training to the teaching
situation?

2. What strategies are teachers using to impkamh technology-supported teaching within the
constraints of their respective schools?
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3. Whether, and to what extet, teachers are able to sustain aedpand their skills as technologically-
capable teachers?

A short questionnaire was used to collect informatiabout the participants’ mfiles, school situation,
previous technology training (see Appendix 2) anibfeed by a semi-structured interview targeting more
specific information about the TAT experience and tafyevhether and to what extent they were able to
transfer the ideas to the school context. Thus, the de$allowed a funnel technique delving deeper into the
teachers' personal accounts.

4.1 Participants

Five English language teachdthree female and two male, aged beten 25 and 35 years) were approached
to take part in the study. They were all teaching ublic schools and, except for one, had more than 10 year
of experience. A technique of purposive sampling weesdiso that only English teders who had participated
in the TATP were approached.

4.2 Data Collection and Analysis

The data collection started 18 montlagter completion of the training. Ihight of their responses, a semi-
structured interview protocol was developed to probe theachers' knowledge construction and detect
instances of transfer of learning in the context of workeir implicit and explicit #ories about teaching with
technology emerged with reference to a specific teaghsituation (Freeman, 1991). The participants were
interviewed via Skype andoiceThreadfor one), saved as MP3 files and transcribed.

5. Results

A case study analysis technique was adopted wherebyidlkas were examined across-case (Yin, 1994) in
search for convergence and/or divergence, and pattexnd evidence for conceptualization of practice. This
process of making sense of the data (Patton, 2002) kielhe researcher pinpoint the teachers' lines of
arguments, beliefs, and attitudes while remaigisensitive to any arising diverse positions.

5.1 Teachers and Technology

The five teachers' "stories" with technology began ldngjore the course. Participants described themselves
as "computer literate", "computer savvy" or "skilled using computers”. Maya, ghyoungest participant,
reported having use&ncartaCDRoms for self-study as a pupil. She learnt how to Efibs with her brother
using the family laptop. Maya, Nora and Hassan alported benefitting from courses on technology use
provided by the Ministry of Education but found themosadic and too limited in scope. As for their use of
technology for teaching prior to the TAT experience, tfayit was "simplistic" ad "not integrative” (Maya,
Nora and Helena). They joined TATdgse they felt the need to boo#teir professional skills so that they
could innovate and motivate their pilp. They indicated that they, as téwars, were feeling low, sensing that
their pupils were disaffected with schband the "old ways of teaching".

5.2 The TAT Experience "Transformed my Teaching"

Thinking back about the TAT experience, the teachemnsitsell that even though they had used technology in
their personal lives, they felt, the TAT training helgbdm "transform” their teching. For example, Maya
described her initial attempt as teacher-centred and transawi :

| used to use the technology just in the form of a@&point presentation as a tool to present ideas or
concepts in a Powerpoint or include videos. Thisawaesry simplistic use actly with zerointeraction
from my students. | was in control.

Helena, on the other hand, mentioned that she used to jus# videos that her husband had downloaded for
her. As such the TAT experience helped them step ieto noles as teachers. The questionnaire data indicated
that they had leant, each in his/her own way, tacdamporate software use, develop multimedia materials,
select curriculum-specific audio and video input, ¥8eb 2.0 tools to create learning opportunities for their
pupils (esp. Ramy, Maya and Helena) and coach them in techynololgs after school (Hassan, Nora, Maya
and Helena).
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They also highlighted the need for setting new ediar@l goals that incorporat technology use. Helena
explained: "We (will) teach the students the same skills were taught and help them be 21st-century
students and use technology to communicate and to collabonaith others." Nora, Maya and Hassan
insisted, especially, on fixing the learg objective(s) justifying the introduction @échnology tools and
expressed concern over prevalent "negative" attitudesy observed among learners when using technology
in the classroom. Some of their pupils "only concaii/the technology as a futile entertainment tool" (Helena)
or "just seize the opportunity to check their FB or eméifassan) instead of doing work. The five participants
talked about the issue and showed tdemination to correct what theyconsidered to be the "negative
perception of technology as entertanent within the Tunisiareducational culture" (Hssan). They felt they
had to install in pupils new habits of using technolégylearning. Nora mentions teaching her pupils "how to
create their own quizzes, questions about a comprehensioh (iesingHot Potatoe} or how to edit images
they can use to explain a vocabularyrdi@r concept”. This type of involvemt, she explained, will focus their
attention on what she calls "good use of technologkfar instance, she mentied employing a rotation
system so that each was given a chance to experiment:

...[S]Jome do the drafting and the others can use tiptdp to create a Powerpoi presentation for the
project. One time | gave them the camera and told them to fzEikeires while the others could use the
microphone to record themselves.

It is clear from the teachers' accounts that they wereefal with the implementationof teaching technology-
supported activities. Planning and managing the activitieey are mindful of the "real learning potential of
technology" and the level of involvement of the learseHassan and Ramy pointed out that integrating the
tools, content and type of learning activity is whaiakes a lesson technology-rich and successful; not the
technology itself.

Another distinctive feature of the pddipants' practice was flexibility andw#on. Nora said she could change
her objectives around if need be and Maya that she coind 2 way to always have some aspect of
technology present in her lessons. Helena mentioned thetwhs able to troubleshoot and solve the problem
of connection. Hassan was also wearyfarfs and fashions; introducing pupils 8cratchwas not a priority
from a language learning standpoint. He believed that lagguteachers should always focus on teaching
language with technology and only use the essentialstogor instance, he preferred to compile materials and
bring them on CDRom for class use but said he haeérexented with using maokes by running a texting
competition, doing a simple search and allowing pufmlsccess the group's Faceilopage to consult the
teacher's post that day. Hassan had to skilfully blerefo-face and online work. Henly relaxed his grip on
technology when the risk of students engaging in-taffk behaviour" was reduced: "The challenge is to make
them aware of the educational used the devices". Nora, in contrast, believed that if hepis developed
sufficient familiarity with technology tools, they woupairsue learning on their own. Ramy was also relaxed
about putting technology in the hasdof the students. He encouraged the pupils to bring tlo@n mobile
phones or laptops and supplemented with communicatiorotigh a class FB page. He argues: "students have
sophisticated tablets, mobile phoneand laptops at home and they go to the internet cafés, so ndtyuse
[these affordances]?" He said pupils never complaiaddut being given work to do with technology use
whether in class or outside it.

A third feature of the transformative power of the TAT esiprce can be what the participants report as their
ability to create activities using their own teaching madésiand to put pupils in an active role as learners who
create and share with others what they have created. Maya exgdain

....Now | can create interactive activities or a wdmsed lesson when the students can interact with
the presented materials and get involved in furthescdssions. | also encourage my students to create
digital stories, Powerpoint presentations, shortraations related to whatever topic we are dealing
with.

Likewise, Nora related how she used media and techryalognotivate learners and involve them in creative
work: "l try to have them watch videos and respond te ttontent in speaking or in writing. | have them sing
along famous songs just to encourage them to speak antikag
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5.3 Strategies for Technology Im@mentation and Integration

As mentioned earlier, the interest was in exploringetiter and how the participants made the transition back
into the former technology-challengesituation. It appears that the tedology situation differs from one
school to another. Except for Helena, who was in &P Aelected school, the othearticipants complained
about the poor infrastructure, inability to access the qmuter lab or check out an LCD projector and the lack
of cooperation on the part of the administrators tdacate a special classroom or set up a club. Nonetheless
they were optimistic about the prospect of change.sklazn said he just needed his laptop and wireless mouse
and stressed the fact that all twelve English teacherkisnschool were, indeed, using technology against all
odds: "We are using our own equipment and bringmg own devices and encouraging our pupils to bring
their own devices. We are advancisigwly but there is change". Along similmes, Helena reported that the
TAT training equipped her with thekills to troubleshoot and solve tecleal problems should they arise: "l
would not worry if there is no internet connection. |Jemy mobile phone with which | can share the
connection. | bring my computer and my students bringrtiogin computers.”

To sum up, the data indicates that the participants areegally able to vary the use of teaching strategies and
allow a more learner-centredpproach when assigning project workdacollaborative taskddelena and Maya
report intervening only when the pupils ask for helghe teachers mention suggesting online dictionaries,
authoring and presentation software and collaborativeasps and leaving learning &volve in the process.
They also require participation idiscussion about the topics in the lesson, selection aftemals to
supplement the textbooks, and downloading materials for thess blog.

5.4 Commitment to "Passing on" Their Skills to Others

Clearly, the participants conceived of the TATP a@@ortunity to spread technology use in schools and
showed commitment to passing on the skills they had learnthtar puyils and colleagues. Helena expected
the TATP to have a snowball effect:

...Tech-age teachers must be active in theimownity and give a good example [and] pass their
knowledge (and skills), not onlg their students but to their colleagues and these collemgpass
them on to their students and so on.

Other participants were rather disappointed to see tlsiills earned over a demanding nine-month in-service
course were neither accompanied by incentives, nampotion into the (even informal) role of "technology
specialists". Hassan complained:

... | use technology, | do my best...| have theseyhbags with me all the time. Then what is the
difference between me and someone who never dogsharg? Of course, there is gratification. My
students love it and we laugh about the clips we makigibthe end what's the difference?

Based on the teachers' accounts, imf@l discussions with them and iméaces upon examination of their
Facebook pages, it is clear that they are lifelongrlees wanting to sustain their professional learning as
technology-using teachers. They have joined professigmaups on social media, been taking courses online
(e.g., e-teacher program), participagjrin national competitions (e.glnnovative Teacher Competition), and
giving workshops at local and national conferendéassan mentions taking an online course as parfTog"
English Online Villageand is searching for MOOCs and anythingt tis free (he is unable to pay for online
courses from Tunisia) and has ambitions beyond theigesfof the classroom: "I want to have my own
publications. | want to produce my own books, etm Breaming. | will never stop dreaming!" Helena and
Nora are pursuing a Master's degree in educational tectgoléielena won the "Innovative Teacher Award"
from Microsoft Tunisia. On the other hand, the feadaging the skills they have learnt is looming over Maya,
who says: "the solution is to practice and practicing the software." When prompted, Ramy admitted that
the latest Microsoft training he had attended dibt teach him anything he did not know before and
complained about the lack of "appropriate opportunities".eThuestion one is tempted to ask IREX and the
Ministry of Education and local school staff: "what wasplan for these teachers beyond the TATP?"
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6. Conclusion

Despite the study's limitations on triangulation and tinability to observethe teachers, the results can be of
great relevance to researchers interested in teacheriéng and teacher cognition. A study based on self-
reporting data and reflectiom on experience reveals only one sidgh# story but can still be informative for
teacher educators, policy-makers and international develept funding bodies.

The impact of TATP on these teachers is still unfoldisgrobb (2006, p. 343) put it, "The completion of any
course or workshop is only a first step towards et use of the software, techniques or approaches
studied." To apply technology in a low-technology contéix¢y have to be self-reliant and restricted to what
is doable under the circumstances. Had it been possibsehedule okervation sessions with the participants
in this study, more concrete and tangible examples of téschers' technology use and type of integration
would have emerged. While self-reporting provides sdndication of their thinking processes, strategies and
hopes, it should not be taken to represent actual pige They did explain that they felt "transformed” as
professionals after the TAT experience and gave exampledat they used to do with technology before it
but corroboration would have provided firmevidence of their transition process.

7. Suggestions and Recommendations

Given that the TATP has ended, sustaining the teacherd'esitén technology learning and in modeling
technology-rich teaching practices is a goal to fagsued by the professional community as a whole.
Introducing change involving techlogy requires collective action and involvement of all stakders.
Developing a shared vision of the place and statugedfinology in the teachingnd learning process is an
essential condition (UNESCO, 2002). The problem wfrésources", when the project is embraced by all, can
be addressed collectively as part of the plan. The TAmddaieachers in the study were left in isolation in the
face of the absence of such a technology plan and partimetheir institutions. A way forward may be that
they consider launching with other teachers a virtudlaxdive learning space witlinks to web pages, blogs,
wiki, or FB pages of individual teachers or classessp&ee can be used for sharing ideas in the form oforide
taped demonstrations, lectures, software reviews andeoAs technology-capable teachers, they can take on
leadership roles, coach and support colleagues andipuapiline and, perhaps, hold annual or bi-annual face-
to-face events for further bondingnd shared learning experiences.

On a final note, | call on the Tunisian authorities and &sdf international projects to invest in training
teachers in technology integration. The TATP finalistddcassist and receive in the meantime further training
in tech-supported teaching of specific subjects,tenal development, and online collaborative mentoring
(Doner and Kumar, 2016). Moreovéhe Tunisian context being under-resebed in the area of technology
use in education, there is need for large scale sunafyall stakeholders of the type undertaken by Becker
(2001), and action research projects of the longitutlitype based on the TPACK framework (e.g. Tai, 2015;
Messina and Tabone, 2012; Chao, 20I8p, 2011). Research activitycésing on technology use in the
classroom should be embedded inogpective pre-service and in-service programs to halpuchent and
disseminate local knowledge abtieaching with technology.

Technology is not going to go away, so it would med@se to rally our forces to correct the low-technology
situation in our schools. This studgan inspire developers of future Ted programs in 3ianito
(re)conceptualise the role(s) of teachers in the 2desttury (Torsani, 2016; OECD, 2010; ISTE, 2008gsjugh
2004; Egbert Paulus and Nakamichi, 2002).

Appendix 1: A Reconstituted summary dhe Tech Age Curriculum (2014 and 2015

sessions)
Timeline Focus of the training
Quarterfinal 40 hours over 5 weeks | Computer basics, keyboarding, email, advanced searching online,
Phase 1 (Month& 2 &3) interpersonal communication using social media, cloud computing, and

creating presentations
200 teachers

Semifinal 40 hours over 5 weeks | Creation of visual data, photography, audio, video, games, interactive
Phase 2 (Months 4 &5) CDRoms, blogs, web writing (html and CSS), digital story- telling, and online

communication tools.
100 teachers
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Timeline Focus of the training

Final Phase 3 80 hours over 2 weeks | - Communication networks and advanced technology skills,
25 teachers (Month 8) - leadership skills,

- project writing,

- communication skills and persuasion techniques,

- Field trips to sites in connection with educational technology,

- creating teaching materials

Appendix 2: Questionnaire

University of Manouba
Faculty of Letters, Arts and Humanities, Manouba
Researcher: Faiza Derbel, Assistant Professor of English
2015-2016

Dear colleague

This is a short questionnaire to complete information about your experience as a technology-using teacher in
Tunisia. | assure you that all information will be confidential and only used for research purposes. Appreciate
your prompt reply.

SECTION 1: Biographical Data

Name: (Will be replaced by a pseudonym)

Last degree (or completed modules):

Age: _ 25-35__ 36-45__ 46-56

Number of years of experience:

Current school:

Previous school(s):

Level you currently teach :

What levels of English have you taught so far?

SECTION 2: Educational Experience

Have you ever taken dnformaticscourse at school?

Have you been involved in any training, either privatelyprovided by the Ministry, in the use of technology
for teaching before the TAT experience? _ Yes __ No

If yes, provide details @t focus and content:

Apart from TAT, what teacher development opportunitéid you find available either online or face-to-face
after TAT?

SECTION 3: School Situation

Please indicate what facilities and wheguipment are madavailable to you:

SECTION 4: Practice

What technology devices, tools or programs wo@ able to use under the circumstances above?

Which free software and/or resources do you use ragylwith your students? For what activities and how
often are you able to do that?

What do you ask the pupils to dwt-of-class that involves use téchnology andhe internet?

What type of guidance do you provide for out-of-classivities? What type of performance do you require?
What type of materials do you download yourself to take togPas

How different are the resources you bring from the oyes ask the students to look up?

What can your personal objectives be for setting targets your students' performance with technology
integration?

What do you do to keepp your technology skills?
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