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Abst­ract

This pa­per presents the first pha­se of a design research, where four practical work activities within ICT learning 
environments (concept maps, molecular modeling, anima­tions and videos) were crea­ted and eva­lua­ted. Ma­terials 
were designed ca­refully after the orienta­tion of research litera­ture and Finnish chemistry curriculum by 21 che­
mistry student teachers during their M.Sc. chemistry educa­tion course. Designed ma­terials were peer eva­lua­ted 
before they were presented to 27 teachers and students who ma­de their ex­ternal eva­lua­tion. Research questions of 
the research were i) What kind of need is there for crea­ting learning environments that connect practical chemistry 
and ICT?, ii) What kind of fea­tures does mea­ningful practical work through different ICT -learning environments 
contain? And iii) What kind of effect does practical work through ICT ha­ve on chemistry learning according to che­
mistry teachers and students? Da­ta was gathered by observing and using questionnaires. This study shows that the 
need for mea­ningful practical work through ICT -learning environments is substantial. According to the designers 
and respondents, mea­ningful cha­racteristics of practical working through ICT are i) coopera­tive, ii) constructivist, 
iii) motiva­ting, and iv) time sa­ving and sa­fe, In addition, they should visua­lize chemical phenomenon and processes 
at macro and molecular levels. Studied teachers found that ICT gives i) important aid to learning and teaching prac­
tical work, ii) it arouses interest and iii) it develops research skills. At the second pha­se of this research, activities 
will be developed to more contex­tual and inquiry-ba­sed form and the effect on learning will be exa­mined thoroughly 
with comprehensive school students. 
Keywords: chemistry teaching, informa­tion and communica­tions technology, ICT, modeling, practical work.

In­tro­duction

From the begin­ning of the 18th cen­tu­ry to the present day, the value of practical working has been 
recognized among edu­cators and researchers and it also has an important role in chemistry curricu­lum 
(Elliott, Stewart, & Lagowski, 2008). Practical work is a widely stu­died and published topic (e.g. Hof­
stein & Lu­netta, 2004; Nakhleh, Polles, & Malina, 2002). Stu­dies show that practical work develops 
laboratory skills and chemical knowledge as well as un­derstan­ding about the chemistry as a scien­ce. Prac­
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tical work illustrates social aspects and commu­nication related to problem solving in scien­ce (Millar, 
2004). In addition, it is shown to promote stu­dents in­terest and motivation towards chemistry. (Hofstein 
& Lu­netta, 2004)  

Practical working seems to be the most effective for learning when it is open-en­ded (Millar, 2004) 
and con­text-based (Nakhleh et al., 2002) with clear objectives. To avoid cognitive overload and increase 
meaningful learning, practical work should con­sist of three phases (pre discussion, working, post dis­
cussion) (Millar, 2004). An opportu­nity to compu­ter usage also is recommen­ded (Lazarowitz & Tamir, 
1994). 

Some stu­dies also bring forth criticism towards the importan­ce of practical work. According to Hod­
son (1996), practical work is an ineffective and overrated teaching method. He claims that the large role 
of the prac­ti­cal work in science edu­cation is usu­ally ex­plai­ned by teaching stu­dents scienti­fic research 
methods, but ac­tu­ally prac­ti­cal work represents scienti­fic inqui­ry poorly. The frailty of prac­ti­cal work has 
also been a cookbook trend where the in­structions are carried out like a recipe which redu­ces meaningful 
learning (Mon­teyne & Cracolice, 2004).

More research is needed from the role and natu­re of practical work. For example, research of the 
goals and effect of practical work, stu­dents’ perceptions and in­teractions with the working en­viron­ment 
and new in­stru­ments that promote learning and teaching. (Nakhleh et al., 2002) This paper aims to in­
vestigate teachers’ and stu­dents’ perceptions of practical work through different in­formation and commu­
nication technology (ICT) learning en­viron­ments and it presents four learning en­viron­ments and their 
design processes.

Practi­cal Work and ICT  

Prac­ti­cal work through ICT is one of the fu­tu­re research fields that Nakhleh et al. (2002) encou­rages 
to work with. Important fields also are different kind of vi­su­ali­zations and possible learning outcomes 
(Nakhleh et al., 2002). 

The role of modern technology in curricu­la has grown remarkably for the last two decades and 
it enables exten­sive visu­alization recourses for chemistry edu­cators. (Kozma & Russell, 2005) Visu­a­
lization technologies inclu­de compu­ter-based molecu­lar modeling, simu­lations, animations, compu­ter 
assisted con­ceptu­al framework modeling and microcompu­ter-based laboratories. This paper is delimited 
to animations, compu­ter-based molecu­lar modeling, con­cept mapping and videos (discussed un­der ani­
mations). This sec­tion introdu­ces these ICT tools, but in order to understand their importance, it is first 
necessary to view visu­alization in chemistry, in generally.

Visua­liza­tion in chemistry

Chemistry is a difficult discipli­ne to teach and learn, partly becau­se of its three di­mensional natu­re 
(Gabel, 1999). Chemical phenomenon can be represen­ted in three different levels: macro (observable), 
symbolic (e.g. H2O) and sub-mic­roscopic (e.g. elec­tron flow). Teachers are ex­perts in chemistry, and for 
them it is easy to visu­alize chemistry in all these three levels men­tally without con­fu­sion. Stu­dents are 
novices, and chan­ging from a level to another is challen­ging for them. It is necessary to develop new 
ways for teachers to visu­alize their teaching. (Johnstone, 1993) 

Visu­alizations, for example pictu­res, gestu­res, chemical symbols, mathematical symbols, graphs, 
maps or animations, are a cen­tral element in un­derstan­ding, learning and teaching. They are cognitive 
tools for commu­nicating and represen­ting knowledge. (Tversky, 2005) In chemistry, visu­alizations are 
carried out using gestu­res, pen­cil and paper, thin­king and compu­ters. In chemistry the con­cept of visu­ali­
zation is tightly related to the con­cept of modeling. (Justi & Gilbert, 2002).   

Models and modeling are essen­tial tools and a way of thin­king in chemistry. For instan­ce, they are 
used as tools for making hypothesis, explanations, represen­tations of processes, phenomenon and re­
sults. In­deed, models serve as links between theoretical and practical chemistry. (Justi & Gilbert, 2002) 
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Concept mapping is a modeling techni­que where conceptu­al frameworks related to certain pheno
mena are illustrated with con­cepts and lin­king words. They are used as graphical teaching, learning, 
evalu­ation and presen­tation tools. (see Figu­re 1) (Novak, 1998). 

There is some research of the benefits of concept mapping in prac­ti­cal working. Ac­cording to stu
dies (e.g. Gahr, 2003; Kaya, 2008; Ki­liç, Kaya, & Doğan, 2004; Markow & Lonning, 1998; Stensvold & 
Wilson, 1992; Özmen, Demircioğlu, & Coll, 2009), concept maps can improve understanding of chemi
cal con­cepts, help building con­nections among abstract con­cepts and work as a miscon­ception correcting 
tool. The use of pre- and post-laboratory con­cept maps has been showed to improve stu­dents un­derstan­
ding of con­cepts related to the practical work. (Kaya, 2008; Markow & Lon­ning, 1998; Özmen et al., 
2009). There also is eviden­ce that con­cept maps redu­ce stu­dents’ atten­tions to distractions in laboratory, 
improve un­derstan­ding of procedu­res, in­structions (Stensvold & Wilson, 1992) and attitu­des towards 
practical work (Kiliç et al., 2004). 

There is a few stu­dies made on the use of compu­ter-based con­cept mapping and practical working.   
Gahr (2003) reported using compu­ter assisted con­cept mapping cooperatively with stu­dents which dec­
reased notably qu­estions concerning procedu­res and techni­qu­es. In the stu­dy of Markow and Lonning 
(1998), stu­dents used compu­ters in constructing pre- and post-con­cept maps.   

Computer-ba­sed molecular modeling and practical work

Traditionally, the term molecu­lar modeling con­cen­trates on modeling sin­gle molecu­les or small sta­
tic systems. Compu­ter-based molecu­lar modeling benefits chemistry edu­cation in all edu­cation levels. 
(Aksela & Lun­dell, 2008) In­deed, compu­ters make possible to visu­alize sub microscopic and symbolic 
levels simultaneously, which help stu­dents to visu­alize con­nections between three chemical dimen­sions 
and develop their men­tal models. It facilitates learning and leads to deeper un­derstan­ding of chemical 
con­cepts (e.g. Kozma & Russell, 2005; Russell & Kozma, 2005). Molecu­lar modeling also has found an 
effective tool in supporting practical work. Kozma (2003) reports that using molecu­lar modeling softwa­
re at the laboratory increases commu­nication and knowledge sharing related the examined activities.  

In the secon­dary school, molecu­lar modeling is mostly used on building, stu­dying and represen­ting 
molecu­les and their properties. The main reasons for the use of modeling are new ways to illustrate and 
explain chemical phenomena and a way to give stu­dents an opportu­nity to carry out their own in­vesti­
gations. Combining molecu­lar modeling and practical work is still rare in secon­dary schools. Teachers 
wish more materials and edu­cation from it. (Aksela & Lun­dell, 2008)

Anima­tions and practical work

Animations differ from molecu­lar modeling by portraying dynamic processes. They are not in­terac­
tive and do not base on real data. Animations represent pu­rely a modelers’ men­tal model and are sen­siti­
ve to graphical expression skills, which makes creating good and pedagogically meaningful animations 
as a challen­ging task. Meaningful animations are i) short, illustrating one con­cept un­der 60 seconds, ii) 
un­derstan­ding is supported through narration or text, iii) the user in­terface is clear and iv) the con­tent 
is tested with stu­dents and experts. It also is important to plan the design process based on research 
li­teratu­re. A lot of ani­mations also are freely avai­lable from the Internet, but often teachers find them 
inappropriate to serve their purposes, becau­se of the wrong langu­age, inac­cu­racy or low qu­ali­ty. (Burke, 
Green­bow, & Windschitl, 1998)

Animations are powerful tools for visu­alizing sub-microscopic chan­ges and promotes stu­dents’ un­
derstanding of complex chemi­cal concepts, e.g. equi­librium, elec­trochemistry and solu­tions. Ani­mations 
also benefit prac­ti­cal work by enabling stu­dents to discuss ex­peri­ments on a molecu­lar level. (Kozma & 
Russell, 2005) Vi­deos, on the other hand, are an efficient ICT tool for indi­cating changes at the mac­ros
copic level. Videos are a time sparing cost effective way to demonstrate experiments safely (Laroche, 
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Wulfsberg, & Young, 2003). Using modern technology (e.g. cameras, mobile phones) videos are easy to 
make and distribu­te through the In­ternet.

Velázqu­ez-Marcano, Williamson, Ashkenazi, Tasker, and Williamson (2004) reported that obser
ving animations improve stu­dents ability to sketch con­nections between macro, symbolic and sub-mic­
roscopic levels and develop their mental models more dynamic. In order to get the best benefit out of 
them, a careful design and high qu­ali­ty of ani­mations are necessary (Tasker & Dalton, 2006). Velázqu­ez-
Marcano et al. (2004) claimed that animations are the most effective when they are shown together with 
a video demonstration, whereas Vermaat, Kramers-Pals, and Schank (2003) suggested that constructing 
ani­mations is more efficient than observing. 

Met­ho­do­lo­gy of Research

This case stu­dy is the first phase of a design research (Edelson, 2002). Its’ final goal is to develop 
meaningful practical work through ICT -learning en­viron­ments and measu­re their effect on learning. In 
this phase, designing is focu­sed on developing four types of learning en­viron­ments for different types of 
ICT, based on research li­teratu­re and Finnish curri­cu­lum. Research qu­estions were:

i.	 What kind of need is there for crea­ting learning environments that connect practical chemistry 
and ICT?

ii.	What kind of fea­tures does mea­ningful practical work through different ICT -learning environ­
ments contain?

iii.	What kind of effect does practical work through ICT ha­ve on chemistry learning according to 
chemistry teachers and students?

Designing was carried out by chemistry stu­dent teachers atten­ding to the M.Sc. course called Prac­
tical Chemistry in Chemistry Edu­cation in spring 2009. The course inclu­ded both majors and secon­dary 
subject stu­dents (N=21). They di­vi­ded into five ICT groups depending on their personal interests. Selec
table ICT groups were 1) animations and simu­lations, 2) con­cept maps, 3) compu­ter based molecu­lar 
modeling, 4) videos and 5) microcompu­ter based laboratory (MBL) (not discussed in this paper). At the 
course, groups had an assign­ment to develop a laboratory activity that combines practical work and ICT. 
There were three demands of the design: i) The development of the activity should base on research li­
teratu­re, ii) the context and phenomena should fit under the Finnish curri­cu­lum, and (iii) the designing 
should also take con­sider the usability and limited ICT resources. Researchers worked as teachers on 
the course and coordinated the design process. They gave guidan­ce for the developing and technical 
support. 

The stu­dents’ design process inclu­ded three phases:  
Pha­se 1: Familiarization of research literatu­re and the Fin­nish curricu­lum, generating a raw version 

of the laboratory activity and testing it. 
Pha­se 2: Presen­ting the activity in a peer session, performing two peer tests and giving feedback to 

two other groups and developing designing of the own project after peer feedback. 
Pha­se 3: All groups gave two workshops for teachers and stu­dents in the spring 2009 at the national 

in-service training event for chemistry teachers. One session inclu­ded 10-15 minu­tes presen­tation from 
each group and 5 minu­tes discussion. 

The external evalu­ation of the materials was carried out at the in-service training event in the spring 
2009 by teachers and stu­dents at the workshops. Data was gathered by observing the sessions and using 
qu­estionnai­res that were deli­vered at the beginning of the sessions. The qu­estionnai­re consisted of both 
closed and open qu­estions. Data analysis of the open qu­estions and observations was carried out through 
a con­tent analysis in order to reveal key featu­res and con­cepts related to meaningful practical work 
through ICT -learning envi­ronments (Tuomi & Sarajärvi, 2009). The closed qu­estions inc­lu­ded arrange
ment and measu­rement level qu­estions and from them, frequ­encies and percentages were calcu­lated. 

The evalu­ative sample group con­sisted of 27 teachers and stu­dents (Nmale = 13 and Nfemale = 14). The 
sample con­sisted of eight stu­dents and 19 teachers. 69% of them had stu­died chemistry as major. Mathe­
matics was the most popu­lar second discipline (f = 14), physics the second one (f = 12) and compu­ter 
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84 scien­ces the third one (f = 5). The 19 teachers had been teaching from one year to over 20 years (f0-5 = 6, 
f6-10 = 3, f11-15 = 5, f16-20 = 1 and fover 20 = 4). They worked in a comprehen­sive school (f = 3), upper secon­
dary school (f = 6), in the whole secon­dary school (f = 5), polytechnic (f = 2) and three of them worked 
as substitu­te teachers. 

For teachers from the sample, depen­ding on time and recourses, practical work is a common wor­
king method. 23% (f = 6) of them uses practical work sometimes and 46% (f = 12) often. They feel that 
practical work is the cen­ter of chemistry and that laboratory activities are motivating for stu­dents and 
they arou­se their in­terests towards chemistry.

(R2)	 “It is important because of it enables observing, thinking in science and motiva­ting.”
(R3)	 “Chemistry can not be learned without practical work” 
(R5)	 “I use practical work, If there is time and a working spa­ce”
(R7) 	 “It is important because of learning and motiva­tion”

Results of Research

Need for Developing Practical work and ICT – learning environments

The respon­dents (R) are familiar with the use of ICT. 48% (f = 13) of them use it as a daily bases 
in their teaching. The using rate of ICT together with practical work is much lower: on­ly 8% (f = 2) uses 
practical work and ICT often together and 46% (f = 12) occasionally. 23% (f = 6) of the respon­dents re­
plied that they never use them together. 

The main reasons for rare use of ICT with practical work are i) lack of skills, ii) software or iii9 
time. They are eager to use them more together in the fu­tu­re. The respon­dents agreed (26%, f = 7) and 
stron­gly agreed (67%, f = 18) that there is an extreme need for developing meaningful practical work 
through ICT – learning en­viron­ments. 

(R5) 	 “It would give va­riety to teaching”
(R7) 	 “If there is a lot of different types of practical work through ICT -environments available, 

schools get a good rea­son to invest in something new.”
(R7)  	 “It is the lack of skills, knowledge and time, I am trying to do it more”. 
(R25) 	“It depends on time and the underlying practical work”

Cha­racteristics of mea­ningful practical work through ICT -learning environments

This section describes all four activities from stu­dents (designers) point of view and reports how the 
respon­dents experien­ced them at the workshops (see table 1).

Table 1. 	 Evaluation of the designed practi­cal work and ICT – en­vi­ron­ments.

Group Desc­ription of the desig­ned ac­tivity / Evaluation Meaning­ful
features

1

Con­cept mapping of  acid-base chemistry
The pur­po­se of the ac­ti­vi­ty is to teach pupils about con­cept mapping and deepen their 
acid-base chemistry un­derstan­ding. The ac­ti­vi­ty is plan­ned to car­ry out as group work. 
Pu­pils are divided in­to groups and sketch the first version of a con­cept map from given 
con­cepts. After mapping, groups per­form an ex­peri­men­tal part and impro­ve their maps. Fi
nally, all groups construct a lar­ge knowledge map related to­gether with the assistan­ce of 
a teacher. The ac­ti­vi­ty is designed for the upper level of comprehen­si­ve scho­ol. Con­cept 
mapping was car­ried out using Cmap to­ols 5.03 software. 
The respon­dents found con­cept maps useful when mo­deling con­ceptual frameworks and 
bin­ding them in­to lar­ger systems. They also men­tio­ned that labo­rato­ry in­struc­tions built in 
a con­cept map form in­teresting.
(R4) “Con­cept maps help vi­su­ali­zing the whole system” 

• co­o­perati­ve
• group work
• vi­suali­zation
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2

Modeling solu­bility
Group 2 combi­ned mo­lecular mo­deling and prac­ti­cal work to support un­derstan­ding of 
so­lubi­li­ty in the upper level of comprehen­si­ve scho­ol. The aim is to teach how to use mo
deling to analyze mac­rosco­pic results on a mic­rosco­pic level. 
The exer­ci­se con­sists of three phases: 
1) pupils test in the labo­rato­ry how differen­ce substan­ces dissolve, 
2) discussion from obser­vations, 
3) mo­deling the pheno­mena with computers and discussion. Used mo­deling software 
was Spar­tan student 03.  
The respon­dents felt that computer-based mo­lecular mo­deling is a vi­tal impro­vement for 
tradi­tio­nal prac­ti­cal work, but so­me of them suspec­ted that lar­ge class si­zes makes this 
kind of ac­ti­vi­ty impossible to car­ry out in real class. Study also revealed the lack of resour
ces and difficulties to buy commercial software. Some teachers did not know where or 
how to get freeware software.    
(R10) “So far, there is now good ICT resources avai­lab­le, but these help teaching”
(R23) “More in­formation from the different software.”
(R27) ”We do not have modeling software in school and they are too ex­pen­si­ve.” 
(R27) “These are far away from reali­ty. Impossib­le to carry out with a large group.”

• analyzing
• discussion
• ex­planation
• evaluation
• obser­vation 
• vi­suali­zation 

3

Animations and practical work: Dissolving sodium chloride in water
The ani­mation group made a short ani­mation for teaching the dissolving of So­dium Chlo­ri
de (NaCl) in water. They appro­ached the task by reviewing research li­terature con­cer­ning 
common miscon­ceptions related to dissolving NaCl and car­ried out a small text bo­ok 
con­tent analysis of Fin­nish upper level of comprehen­si­ve chemistry text bo­oks. They ma
de the ani­mation using ChemSense ani­mator -software. The ani­mation was build for an 
example, how easy it is to make a simple ani­mation with the students. They also presen
ted a collec­tion of In­ter­net links for the respon­dents at the presen­tation session. 
The respon­dents found ani­mations useful with prac­ti­cal work because they illustrate mo­le
cular level. They appreciated ChemSense software because of its free and seemed easy 
to use. Teachers discussed, for example how students could easi­ly downlo­ad it to ho­me 
computer and ex­plo­re chemistry ani­mations after scho­ol. Ac­cor­ding to teachers, making 
ani­mations would be mo­ti­vating for students. The respon­dents also valued the link collec
tion because they can use them in their work as such.
(R4) “Ani­mations are easi­ly con­nected to practi­cal work and they gi­ve an image from a 
molecu­lar level.”
(R26) “For stu­dents, it easy to pictu­re molecu­lar level if it is seen with own eyes.” 

• easy to use 
• free
• mo­ti­vating
• vi­suali­zation

4

Video demonstration: Chloride Mohr titration for upper secondary school
The ac­ti­vi­ty in­tro­duces mac­rosco­pic chan­ges in Mohr’s titration and is designed after pre
ser­ve-obser­ve-ex­plain-method (POE) in or­der to emphasi­ze construc­ti­vism. Group 4 saw 
vi­deos as an ex­cellent to­ol for presen­ting mac­rosco­pic demonstrations. They ar­gue that 
vi­deos are ti­me saving and suit e.g. for highlighting main points from long ex­peri­ments or 
in­tro­ducing equipments. They are a safe way to car­ry out prac­ti­cal work with inadequacy 
recour­ses, e.g. the lack of equipments, chemi­cals or a fume chamber. They also no­ti­ced 
that the quali­ty of vi­deos in the In­ter­net was di­ver­se and it is ti­me-con­suming for teachers 
to make their own Fin­nish lan­guage vi­deo demonstrations. But on­ce they are made, they 
are long lasting and easy to use through the In­ter­net.
The respon­dents found vi­deo demonstrations go­od for mo­ti­vating the students and for 
illustrating the theo­ry as an in­tro­duc­tion. They stron­gly emphasi­zed ani­mations ro­le on­ly 
as an in­tro­duc­tion. Ac­cor­ding to them, vi­deos can not replace tradi­tio­nal prac­ti­cal work. 
They were enthusiastic about ex­ploi­ting the In­ter­net as di­stri­buting chan­nel to­gether with 
stu­dents. They suggested that a video demonstration material bank classified as pheno­
mena could be in or­der.
(R14) “Vi­deos suit as a moti­vation or in­troduction element for practi­cal work, but does not 
replace it.”

• POE
• ti­me saving
• safe
• di­ver­se 
   usabi­li­ty
• easy to
  di­stri­bute
• mo­ti­vating
• construc­ti
vism

Perceptions of the effects on learning and teaching

The designed envi­ronments possible effects on learning and teaching were evalu­ated using a fi
ve-point Likert scale (1 = Stron­gly disagree, 2 = Disagree, 3 = Neither agree nor disagree, 4 = Agree 
and 5 = Stron­gly agree) (see Table 2). Teachers and stu­dents agree and stron­gly agree that practical 
work through ICT illustrates difficult concepts and phenomenon (avg = 4,4) and promotes their teaching 
(avg = 4,4) and learning (avg = 4,4). They emphasized that it enables to visu­alize the sub-microscopic 
level but it is the teachers who en­su­re their meaningful usage. 

According the respon­dents, practical work through ICT arou­ses in­terest towards chemistry 
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86 (avg = 4,1) and en­cou­rages to stu­dy chemistry further (avg = 3,8). Teachers also argu­ed that just the 
compu­ter usage is not enough to en­cou­rage further chemistry stu­dies, roles of the teacher and theory also 
are important. The respon­dents agreed (f = 15) that practical work through ICT develops research skills 
but also six of them felt neutral about it (avg = 3,7). Some replied that even if ICT supports practical 
working and teaching, development of research skills is still up to stu­dents’ motivation. The presen­ted 
claim”Practical work through ICT supports crea­tivity” divided answers the most (avg = 3,6), the respon­
dents revealed the strongest frequ­ency on di­sagreements (f = 4), six of them answered neutral, ten agreed 
and four also stron­gly agreed.

Table 2. 	 Teachers and students per­ceptions of the effects of practi­cal work through 
ICT on teaching and lear­ning. 

Claims:
Prac­tical work through ICT...

Frequencies
avg NStrongly 

disag­ree Disag­ree Neither ag­ree 
nor disag­ree Ag­ree Strongly 

Ag­ree
illustrates difficult con­cepts and 
pheno­menon. 0 0 1 12 12 4,4 25

pro­mo­tes teaching con­cepts and 
pheno­menon. 0 0 0 14 11 4,4 25

pro­mo­tes lear­ning con­cepts and 
pheno­menon. 0 0 1 12 12 4,4 25

arouses in­terest to­wards che
mistry. 0 0 4 11 7 4,1 22

en­courages to study chemistry 
further. 0 3 4 9 6 3,8 22

develops research skills. 0 2 6 15 2 3,7 25

supports creati­vi­ty. 0 4 6 10 4 3,6 24

(R6) 	 “Especially molecular modeling and anima­tions bring out the sub-microscopic level, which 
sometimes remain unclear. Concept maps cla­rifies conceptual fra­meworks” 

(R8)	 “ICT and practical work is a modern approach in chemistry educa­tion, but sometimes limi­
ted abilities of the softwa­re reduces crea­tivity.”

(R24)	 “Practical work through ICT supports teaching and learning especially, but research skills 
depend on students. Computers alone are not enough to encoura­ge further chemistry stu­
dies, the role of the teacher and theory are crucial in it.”

Conclusions and Discussion

As a result of the first phase of this design research, four prac­ti­cal work ac­ti­vi­ties through ICT lear
ning en­viron­ments were created. ICT types that were inclu­ded in design were con­cept maps, molecu­lar 
modeling, animations and videos. 

The stu­dy showed that the need for meaningful practical work through ICT -learning en­viron­ments 
is substan­tial. 46 % of the teachers carried out practical work often with stu­dents and the use of ICT in ge­
neral is ordinary, but combining them is rare. On­ly 8% uses practical work and ICT often together. Main 
reasons for rare use are lack of skills, software or time. Common desire is to use them more together in 
the fu­tu­re, but in order to accomplish that, teachers wish to have more support in a form of edu­cation and 
material. Results correlates with Aksela and Karjalainen (2008) and Aksela and Lun­dell (2008), which 
stu­died the use of molecu­lar modeling and chemistry teaching in general in Fin­land.

According to the designers, teachers and stu­dents, meaningful characteristics of practical working 
through ICT are i) cooperative, ii) constructivist, iii) motivating, and iv) time saving and safe, In addi­
tion, they visu­alize chemical phenomenon and processes at macro and molecu­lar levels. Similar results 
have been reported in several stu­dies (e.g. Aksela & Lun­dell, 2008; Jonassen, 1999; Kiliç et al., 2004; 
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Laroche et al., 2003; Özmen et al., 2009). It is remarkable that the designers did not use con­textu­al or in­
qui­ry-based approach more, which is a common meaningful featu­re for prac­ti­cal working (Millar, 2004; 
Nakhleh et al., 2002). 

According to chemistry teachers and stu­dents perceptions, combination of practical work through 
different kind of ICT vi­su­ali­zation techni­qu­es promote teaching and learning difficult chemi­cal concepts 
(e.g. Aksela & Lundell, 2008; Kozma & Russell, 2005; Tasker & Dalton, 2006; Velázqu­ez-Marcano, et 
al., 2004; Vermaat et al., 2003). It also arou­ses in­terest towards chemistry (e.g. Aksela & Lun­dell; Kiliç 
et al., 2004) and develops research skills (e.g. Hofstein & Lu­netta, 2004). 

Work with this project con­tinu­es at the spring 2010, when the second phase of this design research 
will be execu­ted. The aim of the second phase is to develop these learning en­viron­ments in a more con­tex­
tu­al and inqui­ry-based form and stu­dy how prac­ti­cal work through ICT effect on chemistry learning. The 
effect on learning will be tested on comprehen­sive school stu­dents using pre- and post measu­rements. At 
this point, the results have been en­cou­raging, but in order to transfer practical work through ICT to scho­
ols, more materials, in­formation and edu­cation on the possibilities of compu­ter assisted visu­alization in 
laboratory en­viron­ment are needed. 
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