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Abst­ract 

This stu­dy fo­cu­ses on 8th- 9th gra­de pu­pils’ skills in interpreting bio­lo­gical map informa­tion. The teaching was do­ne 
as a pro­ject-ba­sed cross-subject work, aiming to test map interpreting skills through pre- and post tests. Da­ta was 
collected from 100 pu­pils co­ming from one lo­wer seconda­ry scho­ol in a ru­ral area in Mid-Norway. The pu­pils were 
divided into two test groups, a “GPS-group/digital map group” and a “Compass/pa­per map group”. Teaching was 
carried out in the fra­mework of so­cio­cultu­ral theo­ry, pu­pils worked in pair-groups, and the learning was seen as a 
so­cial authentic inquiry ba­sed activity. The results indica­te that the pu­pils increa­sed their map interpreting skills, 
but no difference was found between the two groups using different to­ols. The conclu­sion from this stu­dy is that the 
to­ols, di­gi­tal or not, did not influ­ence the sub­ject learning if taking into account the im­portance of making interes­
ting, challenging, authentic, and inquiry ba­sed tasks ba­sed on so­cio­cultu­ral thinking. The stu­dy will be follo­wed up 
by ana­lysis of a follow-up test 5 months after ending the pro­ject, by deeper ana­lysis of the presented tasks; and of 
ana­lysis of other tasks involving the understanding of map sca­le and the map co­ordina­te system.
Keywords: GPS, ICT, learning, maps, science. 

 
Intro­duction

A sta­te­ment of­ten used in Nor­we­gian school policy documents (i.e. in Utdannings- og Forsk­nings
de­par­te­mentet, 2003) is “Use of ICT gives higher knowledge”, of­ten with re­fe­rence to re­sults of the 
BECTA projects in England. (i.e. Comber et.al., 2002). Among others, this sta­te­ment has ma­de me inte
rested in: Do the use of ICT incre­a­se subject knowledge (short- and long-term)?

Human tools or ar­te­facts ha­ve from early human history be­en an impor­tant part of human beings 
way of le­ar­ning (Säljö, 2006), and by changing ar­te­facts the way of le­ar­ning will, or can be changed. 
ICT as a le­ar­ning tool is quite new, but tools (e.g.: Aba­cus, calcula­tion ma­chines) ha­ve be­en the part 
of te­aching and le­ar­ning for years. A lot of tools (ra­dio, te­le­vision, ta­pe re­cor­der, and video) we­re once 
thought to ma­ke changes in school, like computers ha­ve done (Cuban 1986). But the fre­quency of use 
of most of the­se tools decre­a­sed af­ter a short pe­riod of time. Be­cause of this, ICT can be looked upon 



PROBLEMS 
OF EDUCATION 
IN THE 21st CENTURY
Volume 16, 2009

41

Jardar Cyvin. Map Interpreting Skills – a Classroom Ex­peri­ment with and Without Ict Among Lower Secondary School Pupils in Norway

as ve­ry similar to earlier technology’s entry into school. One impor­tant point he­re is that ICT originally 
was not de­ve­loped to incre­a­se le­ar­ning or push the de­ve­lopment of schools, the school link is a sort of 
af­ter hand construction (Erstad in: Säljö, 2002). It is still an open question which role the ICT will play 
in tomor­row’s schools.

Global Positioning System (GPS) is a na­viga­tion tool ba­sed on sa­tellite communica­tion, and is used 
together with digital map systems, GIS (Ge­ographical Infor­ma­tion System) for handling spa­tial da­ta. Its 
potential for pe­da­gogical use is gre­at, in school subjects like mathe­ma­tics, technology, science (MTS), 
and ge­ography.

GPS is an ICT tool that could be used inquiry-ba­sed in situa­ted science te­aching and le­ar­ning situa
tions, and with gre­at potential as a cross-subject tool. Se­ve­ral re­se­ar­chers ha­ve concentra­ted on the use of 
GPS and GIS in (and outside) the classroom (Ba­ker, 2002; Ba­ker, 2003; West. 2003; Ander­sland,  2004; 
Nielsen & Horn, 2006; Cyvin et. al., 2006; Carlson, 2007; McClurg & Buss, 2007). I am espe­cially inte
res­ted in the learning benefit (know­ledge) of alternative teaching tools, given the same subject tasks, and 
the sa­me te­acher. Arntzen et. al. (2003, p. 28), with re­fe­rence to the inter­net program about ra­dioactivity 
(available from www.viten.no) asks just for studies like the one pre­sented in this pa­per when they say 
“There is need for research that among other things compares pupils subject benefit when using the radio­
activity program, compared to the benefit in control groups not using the program.”  �

The te­aching done as part of this classroom ex­pe­riment was car­ried out in the fra­me­work of socio
cultural the­ory (accor­ding to Vygotsky, 1986); focusing on social inte­raction among the pupils through 
work in pair-groups and inquiry-ba­sed activities done in authentic settings. The term Inquiry is impre
cise, but accor­ding to Ander­son (2006) Inquiry Le­ar­ning can be described as a le­ar­ning process invol
ving: An active process, individual constructs de­pending on prior conceptions, context ba­sed individual 
understandings and socially constructed me­a­nings. Authentic is he­re used in the me­a­ning of activities 
involving: Re­al-world problems, inquiry activities, discour­se among a community of le­ar­ners’ and pu
pils’ empower­ment through choice (Rule, 2006).

Research qu­estions

Will the introduction of GPS and simple GIS-system as pe­da­gogical tools give dif­fe­rent le­ar­ning 
outcome in se­lected topics in MTS and ge­ography compa­red to the use of compass and pa­per maps, 
and which differences can be identified?

This re­se­arch question was se­pa­ra­ted in dif­fe­rent sub questions and in this pa­per the re­sults from the 
following sub questions will be pre­sented: 

•	 Did the pupils improve their skills in inter­pre­ting map infor­ma­tion af­ter the project pe­riod?
•	 We­re the­re dif­fe­rences in map inter­pre­ta­tion skills betwe­en the GPS and Compass group af­ter the 

project pe­riod?
  
Met­ho­do­lo­gy of Research

The study re­por­ted on he­re was car­ried out in 2005-2006 and involved 100 pupils. They ca­me from 
gra­de 8 & 9 at one lower se­conda­ry school in a rural county in the Mid-Nor­way. The school was chosen 
be­cause the he­admaster and the te­achers showed a positive attitude to the re­se­arch project. The study 
was de­signed as a compa­rison study with two groups. The se­pa­ra­tion in two groups mainly followed 
the school’s established class structure, with approx. the sa­me number of pupils from each gra­de le­vel 
(Table 1).

� Transla­ted from this Nor­we­gian text by the author: ”Det er be­hov for forsk­ning som blant annet sammenligner 
ele­ve­nes faglige utbytte ved bruken av ra­dioak­tivitetsprogrammet med utbyttet i kontrollgrupper som ik­ke bruker 
programmet.”
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42 Table 1. 	 Num­ber of pupils in each test group, GPS-group and Com­pass-group  
co­ming from different grades (n=100).

GPS-group Com­pass-group Total
Pu­pils 8th gra­de 24 25 49
Pu­pils 9th gra­de 25 26 51
To­tal 49 51 100

The first group (hereafter: the GPS-group) was offered ICT tools like a Garmin handheld GPS recei­
ver for field use, and a laptop computer with topographic maps for use in the clas­sroom. The other group 
(he­re­af­ter: the Compass-group) was of­fe­red tra­ditional, classic tools as magne­tic compass, pa­per maps, 
pencils and plastic she­ets for the production of over­lay maps.

All the pupils re­ceived a similar set of problem ba­sed, open ended tasks, and the main dif­fe­ring 
factor was the tool (GPS or Compass/pa­per map). Both of the groups used tools or ar­te­facts that in some 
way would af­fect the pupils le­ar­ning processes and the le­ar­ning outcome (following Säljö’s [2006, p. 
157-168] discussion of how le­ar­ning is changed as a re­sult of de­ve­lopment of ar­te­facts).

Te­aching was done by the author in both groups, with the or­dina­ry te­achers as assistants. Figure 1 
shows important factors that could influence on the learning, and consequently the pupils’ scores on the 
dif­fe­rent test tasks. 

Subject learning goal: 
Map interpreting skills 

Consta­nt f­a­ctor­s: Va­r­ia­ble­s: 

 ICT-tool (GPS) 
 Pupils a­nd pupils 

ba­ck­gr­ound 
 Te­a­che­r­ a­ssista­nts 
 De­ta­ils in the­ te­a­ching 

instr­uction 

 Ta­sk­s (ma­inly) 
 Ma­in te­a­ching str­a­te­gie­s 
 Ma­in te­a­che­r­  
 Ba­sic le­a­r­ning the­or­y  
 School e­nvir­onme­nts 
 Le­a­r­ning the­or­ie­s

Fi­gu­re 1. 	 The fi­gu­re shows how the main goal of the project is related to important 
constant and variab­le factors that possib­le could influ­ence on the learning 
and thereby on the score of the knowledge tests. 

All the tasks we­re car­ried out by the pupils in groups by two (or a few ca­ses with 3 per­sons in the 
group), focusing on building compe­tence through social inte­raction le­ar­ning processes as discussed by 
Vygotsky (1986) and inquiry ba­sed science te­aching, among others discussed by Andersson (2006). The 
given tasks we­re thought to be situa­ted in the me­a­ning of being “authentic and re­le­vant” to the le­ar­ner as 
pointed out by Henne­sey (1993). This implica­ted that the students had to work against authentic le­ar­ning 
(as defined by Rule, 2006), which in the next step implied that also the group working with digital tools 
had to do field work, not only simulations inside the clas­sroom walls. The project went on for 5 days, 3 
hours each day. 

The first two days were used for pre-tests and exercises in tool use and the third day the pupils did 
fieldwork for a mini-project with the title “Sample water from different locations in a local lake, and 
re­gister possible pollution spots along the la­ke shore, using the GPS/Compass and maps to re­gister the 
coordinates of the inves­tigated spots.”. The forth day were used for production of maps from the field­
work, and the fifth day for post-tests and project close-down.

The pupils’ map inter­pre­ta­tion compe­tences we­re tested through a pre- and post-test. They we­re told 
that a new flower species had been found in the area, and through a map showing roads, waterways and 
“flower-spots” they were as­ked to interpret pos­sible causes for the plant immigration. The post-test had 
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a similar map with roads and wa­ter­wa­ys, but now the task was to inter­pret possible causes of bird de­ath. 
The pupils were given three trans­parent topographic maps to put on top of the map with flowers/dead 
birds. Map1 had only ve­ry few de­tails, Map2 a bit more de­tails, and Map3 a lot of de­tails about wa­ter
wa­ys, roads and houses. All the maps had a small le­gend ex­plaining the used map symbols. The pupils 
we­re asked to write in their own words (open-ended questions) the re­a­sons they could think of when they 
saw the topographic maps together with the thematic maps with locations of new flowers (pre-test) and 
de­ad birds (post-test) in the area. Both the GPS and Compass group re­ceived identical pre- and post-test 
questions. The sa­me proce­dure was followed for all the 3 maps.

Be­fore ana­lyzing the free-text answers, the­se we­re coded ba­sed on a hie­rar­chical code system that 
was ma­de af­ter re­a­ding through all the answers to be able to cover all alter­na­tives. First it was de­cided 
whether the answers we­re connected to impact from na­ture (code number star­ting with 1), or from hu
mans (code number star­ting with 2). Then the sta­te­ments we­re, if possible, coded with sub codes. An 
example of a part of the code system is shown in Table 2. All the sta­te­ments in the text we­re coded, which 
implied the ne­ed for up to 5 dif­fe­rent codes per answer. 

As Indica­tor A of the pupil’s inter­pre­ter skills the number of re­le­vant suggestions that the pupil had 
to the ques­tions about the new flowers and the dead birds was used. Here all biological relevant ans­wers 
were included, even those that were not pos­sible to read from the maps, or figure out by mixing informa­
tion about flowers/birds and the map information. Example: “The new flower could be spread by birds.” 
This is a highly re­le­vant answer but from the text infor­ma­tion given plus the map infor­ma­tion, you actu
ally ha­ve no evidence to say so.

As a second indicator (Indicator B), a score based on specific statements that are supposed to be a 
sort of “cor­rect” answer was calcula­ted. For the pre-test “cor­rect” answer included all sta­te­ments like: 
Impacts of wa­ter and wa­ter­wa­ys (rivers, la­kes, ponds), all kind of human impacts in ge­ne­ral, more spe
cific human impacts as i.e. roads, and water pollination�. For the post-test “cor­rect” answer included all 
sta­te­ments connected to: Wa­ter and wa­ter pollution, human impact in ge­ne­ral, impacts of houses, roads 
and cars including air-pollution.

It was ve­ry inte­resting to re­ad all the diver­se answers that in a lot of ca­ses involved advanced thin
king even if the answers we­re not among the “cor­rect” answers. Be­cause of this Indica­tor A was estab
lished and tested, in or­der to collect the cre­a­tive­ness that was de­monstra­ted by some pupils, even if the 
answers could not directly be re­ad out from the map infor­ma­tion. 

Table 2. 	 Part of the co­de system for the dead birds map. All the sub co­des to co­de 
22 – Car/Road/Vehicle is shown.

Code num­ber Code text
221 Trac­tor
222 Ro­ads
223 Cars
224 Ex­haust
225 “Nu­trion” from ro­ads
226 New mat­ter from traffic
227 Vehic­les

The sta­tistics in this study we­re chosen to be non-pa­ra­metric, be­cause the sample is not random, and 
when splitting the popula­tion into smaller groups (GPS against Compass, Pre against Post) the sample 
size and the under­lying distribution of the popula­tion was not ide­al for pa­ra­metric tests. 

Results of Research 

First the pre-test re­sults from the whole group (n = 100) we­re tested against the post-test re­sults by 
Wilcoxon Signed Rank Test, or also re­fer­red to as Wilcoxon Matched Pairs Signed Rank Test (Pallant, 
2006), through the computer sta­tistical packa­ge SPSS Sta­tistics 17.0. 
� He­re one can suggest that some of the pupils mix the concepts seed dispersal and pollina­te.
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the Post-test than the Pre-test group was found (Table 3). 

Tab­le 3. 	 The signi­fi­cance levels and the Z value from the sign rank test  
of the Indi­cator A (number of relevant answers) for the pre- and  
the post-test. (n=100).

Indi­cator A Map1
(simple informa­tion)

Map2
(medium informa­tion)

Map3
(most informa­tion)

Z (ba­sed on neg. ranks) - 4.113 -4.842 -4.696
Asymp. Sign. (2-tailed) p < 0.001 p < 0.0001 p < 0.0001

In Table 4 all the ranks are shown. The total number of students we­re 100 all the time, but be­cause 
some of them did not answer one or more of the map questions the pairs of pupils involved in the actual 
ana­lysis at a time dif­fe­red somewhat. The total numbers of pairs of pupils involved in the dif­fe­rent ana­ly
ses are given as to­tal in Tables 4 and 5.

Tab­le 4. 	 Ranks from the sign rank test of Indi­cator A (number of relevant answers), 
showing  differences between the post- and the pre-test. (n=100).

Ranks
N

Map1
(simple informa­tion)

N
Map2

(medium informa­tion)

N
Map3

(most informa­tion)

Nega­tive ranks
Number of pu­pils with: 
POST-number-of-answers < 
PRE-number-of-answers

17 12 5

Po­stive ranks
Number of pu­pils with: 
POST-number-of-answers > 
PRE-number-of-answers

44 49 37

Equ­al ranks (ties)
Number of pu­pils with: 
POST-number-of-answers = 
PRE-number-of-answers

23 24 13

To­tal 84 85 55

When te­sting Indica­tor B (“cor­rect” answers), the re­sult was the sa­me as with the Indica­tor A, the 
post-test score was significantly better (p < 0.05) than the pre-test score (n = 100, Z-value based on neg. 
ranks = -2.517, Asymp. Sign.: p = 0.012 [2-tailed]). Cor­rect pre-test scores we­re ba­sed on answers coded 
as wa­ter, wa­ter pollina­tion and all kind of human impacts. For the post-test cor­rect scores we­re ba­sed on 
codes for water, water pollution and human impacts in general, and roads/cars and houses more specific. 
All this according to the information pos­sible to read from the maps, or figured out through information 
given together with the maps.

Pupils with sta­te­ments coded with codes that did not match codes for wa­ter and roads we­re given 
score 1, like­wise for all pupils with no answer. This was done to be able to test the group of pupils ha­ving 
cor­rect score (score 2) against all the rest of the pupils as one group. In Table 5 all the ranks are given. 

Tab­le 5. 	 The ranks from the sign rank test of the Indi­cator B (“correct” answers to 
the map inter­pretation), com­paring the pupils’ sco­res on the pre- and  
post-test. (n=100).

Ranks N
Nega­tive ranks Number of pu­pils with worse sco­re on the POST than the PRE test  3

Po­stive ranks Number of pu­pils with better sco­re on the POST than the PRE test  14

Equ­eal ranks (ties) Number of pu­pils with equ­al sco­re on the POST and the PRE test  59

To­tal 76
 

If the group with no answers was looked upon as a se­pa­ra­te ca­te­gory (assigned a score = 0), and tes
ted (with Wilcoxon) against the two ca­te­gories for right (score = 2) and wrong (score = 1) answers, the 
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tendency of improved skills among the post-test-group was the same, but not significant on a 95% level 
(p = 0.096). This may be due to small numbers in each ca­te­gory.

Since the post-test se­e­med to indica­te improved skills to inter­pret maps (ba­sed on the indica­tors), 
the ma­te­rial was split in two groups, the GPS-group, and the Compass group. The­se two groups we­re tes
ted with Wilcoxon Signed Rank Test to see if the sa­me tendency could be found in both groups as in the 
total material. The result of  this analysis did not show any difference in the significance levels according 
to Indicator A, both groups had significantly (p < 0.001) better scores during the post-test than the pre-
test, inde­pendent of group (GPS/Compass), and inde­pendent of map infor­ma­tion given (Map 1, 2, 3). 

In Table 3 and 4 are shown the test re­sults in de­tail. As mentioned in the methodology the  pupils 
map inter­pre­ta­tion skills (Indica­tor A) was de­rived from the number of re­le­vant suggestions that the pu
pil had to the ques­tions about the new flowers (pre-test) and the dead birds (post-test). 

A test between the two groups (GPS and Compass) by Mann-Whitney U-test showed no signifi­
cant dif­fe­rence (p = 0.735). The indica­tor B had a small tendency towards better post-test score in both 
groups, but not significantly so (p = 0.059 in the GPS-group, and p = .096 in the Compass group). A 
Mann-Whitney U Test did not show any significant differences between the groups, neither on the pre- or 
post-test connected to Indica­tor B.

Conclusions and Discussion

The re­se­arch questions rises two questions: Did the pupils improve their skills in inter­pre­ting map 
infor­ma­tion af­ter the project pe­riod, and wa­re the­re any dif­fe­rences in map inter­pre­ta­tion skills betwe­en 
the GPS and Compass group af­ter the project pe­riod?

The conclusions from the ana­lyses so far is quite cle­ar about the ef­fect of the project on the map in
terpreter skills, based on the two Indicators A and B, but there are no significant differences between the 
GPS-group and the Compass-group. Even if one may question whether the indica­tors are good enough, 
such an ef­fect is not unex­pected. The pupils did an intensive inquiry-ba­sed project for 2 da­ys with a lot of 
authentic work, discussing and inte­racting all the time in small groups. They had to construct their own 
maps, and got well trained in ma­king the­ma­tic maps as the sum of topographic infor­ma­tion and the­ma­tic 
infor­ma­tion, putting symbols on maps, ma­king le­gends, and all what follows map production. This was 
a process that all of them went through inde­pendent of the tools used.

When looking at the re­sults from the two test groups (GPS/Compass), the re­sult is less cle­ar. The­re 
are no significant differences between the two groups, but according to Figure 1, more than the tools 
we­re dif­fe­rent betwe­en the two groups; pupils we­re dif­fe­rent, the assistant te­achers we­re dif­fe­rent, and 
the author’s te­aching was dif­fe­rent with dif­fe­rent pupils even if the intention was to ma­ke the te­aching 
as similar as possible betwe­en the groups. And of cour­se the tools we­re dif­fe­rent. 

Accor­ding to Säljö’s (2006) discussion about how aspects of le­ar­ning are changed when you de
velop artefacts, it is very difficult to do measuring that could ans­wer the second part of the research 
question in this pa­per. Even if the main goal of the te­aching project is unchanged in the two test groups, 
ma­ny of the sub goals are changed. The le­ar­ner has to approach the subject te­aching goals through dif­fe
rent (and some­times new) mental processes, and the­re­by with the possibility to le­arn dif­fe­rent skills or 
to le­arn in dif­fe­rent wa­ys. But, on the other hand if one looks at the ove­rall questions about what to le­arn 
of ba­sic subject matter (in this study inter­pre­ta­tion of maps), how to handle the concepts and the logical 
way of ana­lysis, one could suggest that this could be inde­pendent of new ICT tools or even distur­bed 
by the introduction of complica­ted new technology. Ma­ny of the studies re­fer­red to in the introduction 
report interes­ting findings related to learning outcome of projects introducing digital map tools (i.e. An­
der­sland, 2004; Ba­ker, 2002; Ba­ker, 2003; West, 2003), but few of them ma­kes good compa­rison studies 
or establish compa­rison groups at all (as asked for by Arntzen et. al., 2003, p 28). This me­ans that only 
groups using ICT is studied or the groups without ICT functions as control groups only. In the­se ca­ses 
one will (of cour­se) of­ten get good or better re­sults from the ICT-groups be­cause one may inadver­tently 
change the way of te­aching in the­se groups; from instructional to constructivist, from de­monstra­tion to 
inquiry, from typical school tasks to authentic le­ar­ning. 

Through a test de­sign ba­sed on constructivist le­ar­ning (accor­ding to Vygotsky, 1986) and with aut
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description of inquiry le­ar­ning) this study has tried to establish optimal le­ar­ning culture in both groups. 
Results similar to the findings in this study, where large differences between the two groups in subject 
le­ar­ning is not found, is conse­quently as ex­pected. Säljö (2006, p. 23) re­commends that the focus should 
rather be put on the pos­sibilities or the difficulties that come with new technology. 

The ana­lyses pre­sented in this pa­per will be followed up by ana­lyses of other questions asked in the 
pre- and post test, involving the understanding of map sca­le and the map coor­dina­te system. Ana­lyses 
from a follow-up test done with the sa­me pupils 5 months af­ter the end of the cur­rent project will also 
be per­for­med in or­der to look for possible long term le­ar­ning-ef­fects of the te­aching of map inter­pre­ting, 
map sca­ling and the map coor­dina­te system. A de­e­per ana­lysis of cer­tain aspects of the re­sults pre­sented 
her, e.g. accor­ding to gender and with focus on the possibility to ex­plain pupil’s re­sults accor­ding to dif­fe
rent out-of school skills (sur­ve­yed through a questionnaire) is planned.  A discussion of the possibilities 
and difficulties following science projects involving modern digital map technology will be meaningful 
at the end.
 
Acknowledgements
 

I would like to acknowledge the Sør-Trønde­lag Univer­sity Colle­ge which has suppor­ted this study 
through a PhD grant, my super­visor Prof. Doris Jor­de who has given me advises during the study, my 
colle­a­gues Associa­te Professor John Magne Grinde­land and Assistant Professor Anne B. Lund for com
ments to the pa­per, and last but not le­ast I am ve­ry thank­ful to the he­admaster, pupils and te­achers of the 
lower secondary school for an ins­piring and joyful field study period at their school.

References

Ander­sland, S. (2004). GIS – eit fagspesi­fikt IKT-verktøy i grunnsku­le og lærarutdanning. Innlegg ved Den 8. Nor
diske lære­rutdanningskongress. Åbo Finland.

Andersson, R.D. (2006): Inquiry as an Or­ga­nising The­me for Science Cur­ricula. In: S.K. Abell & N.G. Le­der­man 
(Eds.), Handbo­ok on Research on Science Edu­ca­tion. Erlbaum, pp. 807-830.

Arntzen, E., Er­lien, W., Hov, H., Kind, P. M., van Ma­rion, P., Strømme, A. & Sørborg, Ø. (2003). “Digita­le simu­le
ringer av forsøk i naturfagundervisningen” - Et PLUTO-prosjekt. Sluttrapport. Skole­lab. for ma­te­ma­tikk, na­tur­fag 
og te­knologi, PLU, NTNU.

Ba­ker, T. (2002). The Effects of Geographic Informa­tion System (GIS) Techno­lo­gies on Stu­dents’ Attitu­des, Self-Ef
ficacy, and Achievement in the Middle Scho­ol Science Classro­om. School of Educa­tion, The Univer­sity of Kansas. 
(PhD Disser­ta­tion).

Ba­ker, T.R. (2003). Intro­du­cing GIS in the classro­om: A pro­cess fra­mework. Draft ver 2.0. Retrie­ved June 15 2006 
from: http://kangis.org/le­ar­ning/ed_docs/process.pdf. 

Carlson, T. (2007). A Field-Ba­sed Le­ar­ning Ex­pe­rience for Introductory Le­vel GIS Students. Journal of Geography, 
106:5, 193-198.

Comber, C. Watling, R., Lawson, T., Ca­vendish, S. McEune, R. & Pa­ter­sin, F. (2002).  ImpaCT2. Learning at Ho­me 
and Scho­ols: Ca­se Stu­dies. ICT in Schools Re­se­arch and Eva­lua­tion. Se­ries – No 8. Retrie­ved Nov. 11, 2009 from: 
http://partners.becta.org.uk/pa­ge_documents/re­se­arch/ImpaCT2_strand_3_re­port.pdf.

Cuban, L. (1986). Teachers and ma­chines.The clasro­om use of techno­lo­gy since 1920. New York, NY: Te­achers 
Colle­ge Press.

Cyvin, J. Arnesen, T., Feren, K., Lysø, K-O., Sundt, G. (2006). Bruk av GPS og Geografis­ke InformasjonsSystemer 
(GIS) som didak­tisk verktøy i tver­rfaglig te­ma­ba­sert ar­beid i lære­rutdanningen. I: Na­tur­fagdidak­tik­kens mange 
fa­cetter. Pro­ceedings fra Det 8. nordiske Forskersym­po­sium om undervisning i naturfag. Danmarks Pædago­giske 
Uni­versi­tets forlag, s. 179-192.

Erstad, O. ’Handlingrummet som oppnar seg’ - Be­rettelser från et multime­dialt pra­xisfalt. In: Säljö, R. & J. Linde
roth (Edts.), Utmaningar och e-frestelser – it och sko­lans lærkultur. Stockholm: Bokförla­get Prisma. pp. 190-211.

Henne­sey, S. (1993). Situa­ted Cognition and Cognitive Apprenticeship: Implica­tions for Classroom Le­ar­ning. Stu
dies in Science Edu­ca­tion, 22:1, 1-41.



PROBLEMS 
OF EDUCATION 
IN THE 21st CENTURY
Volume 16, 2009

47

Jardar Cyvin. Map Interpreting Skills – a Classroom Ex­peri­ment with and Without Ict Among Lower Secondary School Pupils in Norway

McClurg, P. A. & Buss A. (2007). Professional de­ve­lopment: Te­achers Use of GIS to Enhance Student Le­ar­ning. 
Journal of Geography. 106:2, 79-87.

Nielsen, K. & Horn, F. (2006). GIS i folkeskolen - fra ide til vir­ke­lighed. MONA 2006-3, 24-43.

Osbor­ne, J., & Hennessy, S. (2006). Li­teratu­re review in science edu­cation and the ro­le of ICT: Pro­mi­se pro­blems 
and fu­tu­re directions. Future­lab se­ries. Re­port 6. 2006.

Pallant, J. (2006), SPSS Survival Guide. Second Ed. New York: Open Univer­sity Press. 

Rule, A. C. (2006). Editorial: The Components of Authentic Le­ar­ning. Journal of Authentic Learning, 3:1, 1-10. 

Säljö, R. (2002). Lære­ande I det 21:a århundra­det. pp.13-29 in: Säljö, R. & Linde­roth, J. (edts.). Utmaningar och 
e-frestelser – it och sko­lans lærkultur. Stockholm: Bokförla­get Prisma. 

Säljö, R. (2006). Læring og kultu­relle redskaper. Oslo: Cappe­len aka­de­miske for­lag.

Utdannings- og forsk­ningsde­par­te­mentet. (2003). I første rekke. Kva­litetsutvalgets rapport.

Utredning NOU 2003:16.

Vygotsky, L. (1986). Thought and langu­a­ge. MIT press.

West, B.A. (2003). Student Attitudes and the Impact of GIS on Thinking Skills and Motiva­tion. Journal of Geograp
hy, 102 (5), 267-274.

Advi­ced by Vincentas Lamanauskas,
Šiau­liai Uni­versi­ty, Lithu­ania

Jar­dar Cy­vin Assistant Pro­fessor, Fa­culty of Teacher and Interpreter Edu­ca­tion, 
Sør-Trøndelag University College, 
Rosslyngveien 10A, Trondheim, Norway. 
Pho­ne: +4795143713.
E-mail: jardar.cyvin@hist.no
Website: http://na­turfag.hist.no/index.php/Main/Jc 


