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Abstract: The  purpose  of  this  paper  is to find some features to develop the utilization of ICT (Information
and  Communication  Technologies)  in  practical  classes and derive some findings useful to experts, making
ICT applicable in classes. A questionnaire was developed to investigate experts’ views toward integration of
ICT in practice classroom. Twenty high school science experts were randomly selected to fill the questionnaires.
It was found that in general they highly agreed to change chemistry curriculum using ICT for accessing the
internet and other teaching-related facilities. The surveyed experts had very positive views toward ICT and their
comments were effective for changing the learning environment.

Key words: Pedagogy  ICT  Chemistry Teaching  High School

INTRODUCTION available for students and teachers for educational

Literature review showed utilization of ICT in (speed of processors, operating systems, peripherals and
chemistry teaching [1]. Use of computer has enhanced access to the internet), as well as availability of general
meaningful chemistry learning and developed learning and educational softwares [9]. In other words, availability
environment [2, 3]. Despite successful computer of ICT alone is insufficient and must be accompanied by
utilization in classroom, practices are still relatively rare. technical as well as pedagogical support [10].
Although, many countries have increased the number of More research has to be conducted in order to
computers in schools during recent years. However, still understand features of learning environments affecting
few teachers use computer in classroom practice, software student's motivation for studying chemistry and
often does not fit textbook and the curriculum pattern is enhancing their interests [11]. Although, there are number
poor [4]. Researches have shown that there is still a long of researches in the field of ICT pedagogy that have
way ahead before implementing ICT in classroom practice measured attitudes toward computers in the general sense
[5]. Some  studies have revealed that the integration of without essential features in computer use. A literature
ICT in classroom practice has been low by chemistry review shows there are few researches focusing on the
teachers around the world. Furthermore, there are barriers use of ICT during the past two decades in chemistry
integrating computer use in schools curriculum [6]. teaching.

Moreover, there are various factors that influence on From the above-described settings, there is a gap in
the use of ICT in science education: the infrastructure for the literature on chemistry teaching through ICT in
ICT in science education, the principal's views of ICT in international level. Inadequate information and lack of
the school and the external parameters affecting research based on literature constitute the present study
philosophy/practice [7]. Also, Fullen identified factors in Iran. 
such as: the characteristics of innovation (e.g. need for The important issue is to apply experts' views in
innovation and its properties), local characteristics (e.g. Iranian high schools. Though ICT use in classes is one of
chemistry teachers’ ideas, support and school context) the most important educational policies, science experts
and external factors (e.g. the national framework are recognizing how technologies can be adapted so as to
curriculum in chemistry) [8]. As stated, the most factors fit to the real situations. In the meanings described above,
contributing to the advancement of innovation is the deriving authentic findings based on real classrooms is
availability of infrastructure resources such as: hardware, important to overcome the difficulties on utilizing of ICT
in terms of the number of computers in the school in chemistry teaching in Iran. 

purposes, the quality and functioning of equipment
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Aims of this Study: In order to provide valuable insights many  approaches  in  the  literature  related to the ICT.
in utilization of ICT in high school, this study employed The mind tools approach deserves special attention due
a questionnaire to find out high school experts’ views to its frequent mention in the literature. Regarding this
toward the use of ICT in chemistry teaching. Furthermore, approach, Jonassen has described the “mind tools”
the   detailed    states    of    different   experts   about  ICT, approach as a powerful instrument with the ability to act
regarding their demographic background (gender, age, as a catalyst in the chemistry teaching.
chemistry teaching) was identified. At last, all experts' However, there are both theoretical and educational
views toward ICT and implementation of ICT in chemistry justifications as well as practical reasons for the inclusion
teaching were explored to comprehend this critical of mind tools into any curriculum development attempts
educational issue. This study will provide information of [25]. The theoretical justifications for the deployment of
experts' views about ICT and its classroom applications in mind tool in the current developed model allow learner to
Iran. It can also help policy makers understand the need construct knowledge. The educational justifications are
to ICT and its use in classroom practice. cognitive processing tools which help learner become a

Theoretical Overview of Ict in Chemistry: The role of ICT one of the most useful mind tools, with a strong
in education is commonly associated with a process of theoretical and research background is concept mapping
"educational innovation", educational uses of ICT in which belongs to a category of computer tools that is
chemistry teaching mind tools and tools [12- 14]. These designed especially for learning.
abilities were considered less importantly in the school
curriculum before [15]. Schools cannot ignore the impact Conceptual Framework: Conceptual framework of this
of technology and the changing face of the curriculum. study, as developed from the literature, shows the relation
Furthermore, ICT addresses the actual changes that must between the conceptual framework and the two areas of
take place to apply technology in order to create some concern, identified for investigation in this study as:
modifications in curriculum design and start the alteration
to Symonds as "High Tech High" [16, 17]. Pedagogical; and

Bennett has suggested urgent changes in the roles Technological features.
of teachers, students and computers, so that students
would interact collaboratively with teachers and The two category of concern are important
technology [16]. Harris has noted that educators have to benchmarks for assessing the overall progress and
accept changes in their interactions with students and achievement of ICT in Iranian schools as examined by
have to support students as their roles changes [18]. experts.
Those who have researched on application of technology Description of the conceptual framework: Figure 1
in science and its effects on high school are able to see shows the conceptual framework of this study that has
vast changes occurring in this field. In particular, it been developed from the review of literature about the
provides new opportunities for chemistry teaching and features' impact on utilization of ICT in chemistry
opportunities for interaction and communication [19, 20]. teaching, the interactive effects of a large number of

Studies showed that use of technology and suitable variables  and  contextualized  methodologies. According
environment  has  improved  the  students'  skills) [21]. to this framework, the impact of information and
The assumption here is that the use of ICT has changed communication technology can be examined in chemistry
the pedagogical roles of teachers and a compelling teaching-learning process. 
rationale  for  using  ICT  in schools is its potential to act The impact of ICT is mediated by a complex
as a catalyst in transforming the teaching and learning interaction of the attitudes, capabilities and practices
process [22]. ICT can support pedagogical practice when among the major leadership of the school under the
new directions are carefully planned, staff and support influence of the contexts and environment. Educational
systems are prepared and resources for implementation innovations that have been launched with pedagogical
and maintenance are provided [23]. practice will act on the leadership of the school and the

Furthermore, it has been founded that infrastructure environment they interact with each other to produce
facilities  and  resources,  ICT  team  and  teacher's  ICT effects (positive or negative). The effects will manifest
skills would of course provide a learning climate and themselves as they will in turn be fed back to influence of
environment rich in authentic interaction [24]. There are the ICT, as indicated by the feedback line in Figure 1.

more self-reliant thinker and problem-solver. Eventually,
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Fig. 1: An overview of conceptual framework

The  outcomes  are   some   observable   attributes Research Objective and Research Methodology: Our
that characterize the effects of ICT in education. The
ultimate  outcomes of the educational innovations must
be students’ cognition and effective learning outcomes.

As explained in the literature, the cognitive and
effective  learning  outcomes of students are influenced
by  a  complex interaction of behaviors and attitude from
a range of leadership. This leadership includes school
principals, ICT teams, teachers, students and other
external community of the school. The last category
includes policy makers, education and ICT-related
associations of the government. The lines and arrows in
Figure 1 indicate the complexity of these interactions.
These interactions  are  also  influenced by the context
and environment in which they occur that includes school
IT infrastructure, school culture and the community [26].
This critical interaction is illustrated in more details in
Figure 1.

Research Questions: Based on the objectives and scope
of study, the literature review and the conceptual
framework, research question have been formulated and
used as a guide to develop the pedagogical and
technological features and evaluative model for data
analysis. The question was "What are the essential
features for the development of teaching chemistry with
the aid of computer to the Iranian high school?"

research  was  designed  to  investigate  a  naturalistic
case in chemistry teaching [27]. Delphi technique was
implemented to gain holistic expert's vision [28]. For this
purpose, data collection was conducted through an
interview. The necessary data were collected from
classroom practices (e.g., tool use, pedagogy, practice)
and resources (e.g., concepts implemented, tools).
Finally, the obtained data were modeled based on Delphi
method [29].

This  study  used a panel of twenty individual
experts,  here  referred  to  as   the   Delphi   Panel  [30].
The  panel  members  were  individuals  who  were  all
well-known and respected for their contributions to
identify essential features of teaching chemistry through
computer in the Iranian high schools. These experts were
selected  on  the  basis  of their educational level, their
rank in the ministry of education in Iran and/or their
position in a national university. The process was further
characterized by multiple iterations or feedback, designed
to accomplish convergence of opinion. For rounds II and
III,  a  statistical  summary  for  each  statement  in  the
form of a frequency table and a listing of all comments by
panel members encouraged reassessment of initial
judgments. Anonymity of the respondents and their
specific   comments  was  maintained   during   the   study.
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E-mail  was chosen as the quickest and most convenient RESULTS AND DISCUSSION
method of approaching experts as the vast majority of
them used to manage their communication through e-mail
regularly.

Instrumentaton: According to Helmer, it may be
necessary to begin a Delphi study with an open-ended
question designed to define and identify potential subject
matter to be included in subsequent questionnaires [31].
The first round in the current study (see Appendix A)
consisted of a brief survey, designed to collect some
demographic data on the participants and one open-
ended question. The survey was sent out to participants
via  electronic  mail.  Respondents  were asked to return
the survey by e-mail. The developed instrument for the
first round of this modified Delphi study collected
demographic information about the panel participants and
led to the development of a list of statements for the
teaching of chemistry. Face and content validity of the
initial instrument were assured through the use of a
content validity panel. Given the nature of the Delphi
technique, additional types of validity and reliability
estimates  were  not appropriate for the instrument [32].
For second  and  third round, Likert’s five-point type
scale was used to rank and rate the elicited/reflected
responses in this study. Expert system was going to be
measured  by  statements, which were categorized into
five criteria, where “5” indicating "critical, strongly agree"
and “0” indicating "no opinion/know" and closed-ended
questions.

For the second round, the participants were sent a
list of 55 statements, compiled by one of the researchers
from the results of the first round in which they were
asked to rate their agreement or disagreement with each
statement on a Likert-type scale. In the third and the final
round,  based  on  suggestions  from  the  Delphi  Panel,
32 statements remained. Participants were given the mean
rating of each statement and were asked once again to
rate each statement. 

Descriptive statistic measures were calculated for the
second and the third rounds. Following Rounds II and III,
the statistics of central tendency and variability were
calculated for all statements on which consensus had
been reached. The mean was used to describe the level of
importance of the statement to identify essential features
of teaching chemistry through computer in the Iranian
high schools as determined by consensus of the Delphi
Panel.

The results of the study represent the collective
opinion of the experts participating in the Delphi Panel at
a single point in time and cannot be construed to be
representative of any other population or situation. The
whole procedure was divided into three rounds in which,
round one was intended to collect demographic data and
the distribution of the one open-ended questionnaire. For
the second round, fifty-five statements were collected
which represented the assumed consensus in this round.
The number of statements was reduced to 32 in the third
round. Consensus was achieved on 32 statements which
were identified as having moderately high agreement to
critical importance for teaching chemistry through
computer in the Iranian high schools.

Teaching of Chemistry: Teaching of chemistry is
comprised of inputs and processes. Inputs, the existing
starting conditions affecting teaching activities, could be
further classified into two areas: pedagogical and
technological features, which in this particular research,
were determined by the Delphi Panel. However, an input
of critical importance to use computer in teaching
chemistry was the recognition of international studies.
Inputs are related to the resource base that supports
teaching of chemistry, as well as the processes. These
inputs are identified and countries have achieved
awareness and experiences in an international context
which has led to improvement in teaching of chemistry.

Results: The Delphi Panel identified the results of the
outputs. The results were accomplished through the
application of inputs and processes that could be divided
into two areas: pedagogical and technological features,
which support the teaching of chemistry through
computer. In this section, research findings acquired from
the sample of the population as well as the findings
obtained from the measurement instruments for both the
pedagogical and the technological features across the
research experts are investigated. The data analysis was
carried out using the indicators of descriptive statistics
and descriptive analysis. Descriptive statistics presented
are frequency, percentage, means and standard deviations
for the purpose of the current research.

Round 1: Demographic and Open-ended Questionnaire:
The research panel represented a range of different types
of  organizations.  The  panelists  had   a    minimum  of
five   years    public    organizations    years      of   service.
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Fig. 1: Round two, consensuses on strongly agrees and agrees, by statement (N=20)

APPENDIX
Table 1: Demographic of Data
Items # %
Sex
Male 3 15
Female 17 85.0
Age
< 30 years 0 0
30-40 years 8 40.0
40-50 10 50.0
50-60 2 10.0
Education
Master 12 60.0
Ph-D 8 40.0
Position
University 8 40.0
Chemistry Department 8 40.0
Schools 4 20.0
Tenure
5-10 3 15.0
10-15 7 35.0
15-20 10 50.0
Majoring
Chemistry 20 100.0

Demographically speaking, there was a similar range of
differences in the reported size of the sample, 40%
adopted from university, 40% from chemistry department
of  ministry of education and 20% from schools. They
were selected from different sources such as faculty
members, chemistry departments, ministry of education

and schools. The descriptive statistic of the sample is
illustrated in Table 1 (see Appendix). Finally, respondents
were asked to identify the essential features of teaching
chemistry through computers in the Iranian high schools.
All members of the twenty panelists listed at least two
features in response to the open-ended question: " In
your opinion and based on your experience with
chemistry teaching through computer, what are the
essential features of a chemistry teaching through
computer?".

Round 2: Question 2: The 55 statements generated from
the open-ended questionnaire were presented to panelists
in the two categories that had emerged from the round 1:
Pedagogical and technological features. Later, the
panelists were asked to rate each statement, where 5)
represented strongly agree; 4) agree; 3) disagree; 2)
strongly disagree; and 1) no opinion/know as Likert's
choices.  The  mean,  mode,  standard  deviation  and
range were calculated for each statement, along with the
level of agreement or consensus among participants
indicating that, the statement was either "strongly agree"
or agree." In Delphi studies, consensus is generally
assumed to be reached when 60% to 80% of participants
agree with each statement [33]. In the present study, the
percentage of respondents who rate statement as
"strongly agree" or "agree" were utilized to denote
agreement or consensus.
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Table 1: Round two, analysis of expert’s consensus by studying Table 2: Round 3, analysis of expert’s consensus by studying descriptive
descriptive indicators of technological and pedagogical features

Statement Mean Median Mode S.D Range
Global ICT websites and materials 4.050 4.000 4.00 1.099 4
Curriculum website 3.950 4.000 4.00 1.050 4
Computer lab 4.200 5.000 5.00 1.056 3
Chat room 3.700 4.000 4.00 0.656 3
Increased access to hardware 3.700 4.000 5.00 1.260 4
Technical support 3.550 4.000 4.00 1.234 4
Support from school management 3.750 4.000 4.00 1.069 3
IT advisors 4.250 4.000 5.00 0.850 3
ICT coordinator 4.350 5.000 5.00 0.933 3
Courseware 4.150 4.500 5.00 1.089 4
Educational software 4.100 4.000 5.00 1.119 4
Better search function to
find documents 3.900 4.000 4.00 1.020 4
Putting up samples of
completed project 4.150 4.000 4.00 0.745 2
Research reports 4.300 4.000 5.00 0.732 2
Storing and sharing information 4.100 4.000 4.00 0.788 2
Accessing work-related resources 4.150 4.000 4.00 0.670 2
Online support 4.100 4.000 5.00 0.911 3
Access to computers at home 4.400 5.000 5.00 0.882 3
Video projection 4.100 4.000 4.00 0.788 2
LCD 4.200 4.500 5.00 0.951 3
Scanner 4.300 4.000 4.00 0.801 3
Network 4.250 4.000 5.00 0.850 3
School net 3.900 4.000 4.00 1.119 4
Digital camera 3.850 4.000 5.00 1.039 3
List of web sites for topic areas 4.150 4.000 4.00 0.933 3
Internet sites 4.300 5.000 5.00 0.923 3
Printer 3.750 4.000 3.00 1.118 4
Intranet access 4.400 5.000 5.00 0.820 3
Internet access 4.300 4.000 5.00 0.732 2
Video camera 3.950 4.000 4.00 0.998 3
Laptop computer 4.050 4.000 5.00 1.099 4
Data projector 4.050 4.000 5.00 1.050 4
Supports diverse 4.100 4.000 4.00 1.020 4
Incorporates appropriate
information technology 4.000 4.000 5.00 1.025 3
Large screen computer monitor 3.650 3.500 3.00 1.039 4
Includes active 3.850 4.000 5.00 1.136 4
Responds to multiple learning style 3.800 4.000 4.00 1.056 3
Supports student-centered learning 3.850 4.000 4.00 1.182 4
Constructivism 4.600 5.000 5.00 0.502 1
Behaviorism 4.450 4.500 5.00 0.604 2
Learn new pedagogical skills 3.750 4.000 4.00 0.444 1
Student engagement in learning 3.850 4.000 4.00 0.812 3
Focus on original sources 4.100 4.000 4.00 0.718 3
Students develop confidence 4.100 4.000 4.00 0.911 4
Learning occurs outside classroom 4.050 4.000 5.00 1.050 4
Development different learning 4.150 4.000 5.00 0.988 3
Problem- based approach 3.950 4.000 4.00 0.944 4
Inquiry approach 4.300 5.000 5.00 1.080 4
Task based approach 3. 850 4.000 4.00 0.875 4
Expository approach 3.750 4.000 4.00 0.966 4
Resource-based Inductive 3.550 4.000 4.00 1.099 4
Accreditation with examinations 3.850 4.000 4.00 1.039 4
Instructional emph. on. relation.
inqui and invention 4.050 4.000 5.00 0.944 3
Time for planning and
collaboration with school 3.900 4.000 4.00 1.071 4
Using subject-specific learning 3.850 4.000 4.00 0.988 3
Note. S.D=Standard Deviation.

indicators technological and pedagogical features
Statement Mean Median Mode S.D Range
Global ICT websites and material 4.550 5.000 5.00 .510 1
Computer lab 4.800 5.000 5.00 .410 1
IT advisors 4.400 4.500 5.00 . 680 2
ICT coordinator 4.800 5.000 5.00 . 410 1
Courseware 4.4500 5.000 5.00 .686 2
Educational software 4.600 5.000 5.00 .598 2
Putting up samples 4.550 5.000 5.00 .604 2
Research reports 4.600 5.000 5.00 .502 2
Storing and sharing information 4.400 4.500 5.00 .680 2
Accessing work-related resource 4.500 5.000 5.00 .688 2
Online support 4.600 5.000 5.00 .502 1
Access to computers at home 4.900 5.000 5.00 .307 1
Video projection 4.150 4.000 5.00 .812 2
LCD 4.550 5.000 5.00 .510 1
Scanner 4.500 4.500 4.00 .512 1
Network 4.600 5.000 5.00 .598 2
List of web sites for topic areas 4.550 5.000 5.00 .510 1
Internet sites 4.600 5.000 5.00 .502 1
Intranet 5.000 5.000 5.00 .000 0
Internet access 4.400 4.000 4.00 .502 1
Laptop 4.150 4.000 4.00 .587 2
Data projector 4.250 4.000 4.00 .550 2
Supports student-centered learning 4.450 5.000 5.00 .686 2
Incorporate appropriate
information tech 4.450 5.000 5.00 .686 2
Constructivism 4.800 5.000 5.00 .410 1
Behaviorism 4.000 4.000 4.00 .648 2
Focus on original sources 4.550 5.000 5.00 .686 2
Students develop confidence 4.500 4.500 4.00 .512 1
Learning occurs outside classroom 4.300 4.000 4.00 .656 2
Development different learning 4.350 4.000 4.00 .587 2
Inquiry approach 4.950 5.000 5.00 .223 1
Instructional emphasis on
relationship inquiry and invention 4.450 4.000 4.00 .510 1

Results obtained from table 1 show that participants
highly agreed with "constructivism", where the mean of
the rating was 4.60 and its standard deviation was 0.502.
Therefore, the median and mode for these data set and
observed range were 45 and 1, respectively. The lowest
mean for the rating of the statements "technical support"
was 3.550 and standard deviation was calculated to be
1.234. The median and the mode of these statements were
4.000 and the range was observed to be 4. 

Figure 1 shows that more than 71% of the
respondents strongly agreed on "learning new
pedagogical skills." Between 60-70% of the respondents
strongly agreed or agreed on chat room, focus on original
sources and task-based approach. Approximately 50%-
60% of the respondents agreed on computer lab,
accessing work-related resource, access to computer at
home, internet sites, intranet access, constructivism,
student develop confidence, problem- based approach,
ICT coordinator and inquiry approach.
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Table 3: Analysis of means scores among round 2 and round 3 Table 4: Results for technological features
Means scores round 2 Mean scores round 3
3.73 3.94
4.75 4.50
4.45 4.38
4.11 4.41
4.96 4.38
4.16 4.44
4.18 4.78
3.98 4.88
4.36 4.91
3.87 4.91
2.89 4.28
4.18 4.09
4.35 4.88
2.56 4.22
4.16 4.00
4.20 4.69
3.98 4.16
3.64 5.00
3.73 4.72
4.38 4.91

Round 3: Question 3: In determining which of the
statements should be maintained for the third round, three
criteria were employed: 1) statements that had a mean of
4.0 or higher, 2) statements that had a mode of either 4.0
or 5.5 and 3) statements that had an agreement level of
60% or higher but were not included because had mean
scores of less than 4.0.

The 32 statements were presented in the two
categories and participants were again asked to rate the
agreement of each statement.

Table 2 indicates that, the highest mean achieved
after rating was for the necessity of “intranet" with the
value of 5.000 and a standard deviation of zero
representing the fact that the raters have agreed on the
necessity and usefulness of intranet. The other
descriptive measures for this item were the median and
mode colliding on 5 and the range which was zero. The
lowest mean achieved for this rating was for "video
projection and laptop" which was 4.150 and the standard
deviation was 0.812-0.587. Median and mode of these
statements were 4.00-5.00 and 4.00-4.00, respectively and
the  range  was  two.  An  analysis  of  mean  scores
among rounds 2 and round 3 was performed, as depicted
in Table 3.

Table 3 shows that mean scores between round two
and round three were changed. These changes were
significant.

Analysis by Category: For further analysis of the
obtained results, each category of features was
considered separately and the final questionnaire in this

Mean Mean Range Range
Statement  s.1  s.2  s.1 s.2
Global ICT websites and material 4.050 4.550 4 1
Computer lab 4.200 4.800 3 1
It advisor 4.250 4.400 3 2
ICT coordinator 4.350 4.800 3 1
Courseware 4.150 4.500 4 2
Educational software 4.100 4.600 4 2
Putting samples 4.150 4.550 2 2
Research reports 4.300 4.600 2 1
Storing and sharing information 4.100 4.400 2 2
Accessing work related resource 4.150 4.500 2 2
Online support 4.100 4.600 3 1
Access to computer at home 4.400 4.900 3 1
Video projection 4.100 4.150 2 2
LCD 4.200 4.550 3 1
Scanner 4.300 4.500 3 1
Network 4.250 4.600 3 2
List of web sites 4.150 4.550 3 1
Internet sites 4.300 4.600 3 1
Intranet access 4.400 5.00 3 0
Laptop 4.050 4.150 4 2
Data projector 4.050 4.250 4 2
Supports student centered learning 4.100 4.450 4 2
Internet access 4.300 4.400 2 1
Incorporate appropriate
information technology 4.000 4.450 3 2

Table 5: Results for pedagogical features
Mean Mean Range Range

Statement  s.1  s.2  s.1 s.2
Constructivism 4.600 4.800 1 1
Behaviorism 4.450 4.000 2 2
Focus on original sources 4.100 4.550 3 2
Student develop confidence 4.100 4.500 4 1
Learning occurs outside the class 4.050 4.300 4 2
Development different learning style 4.150 4.350 3 2
Inquiry approach 4.300 4.950 4 1
Instructional emphasis on relationship
inquiry and invention 4.050 4.450 3 1

study was ended with one open-ended question posed to
the participants. That question was worded as follows:

The curriculum has changed in the past few decades
in the department of the ministry of education and has
caused an increase in utilizing computer to teach
chemistry. In your opinion, will this change continue over
the next decade? Why or why not?

Technological Features: Table 4 shows that the mean of
technological features has increased to strongly agreed
from 4.400 to 5.000 and the range increased from 1 to 0.

Pedagogical Features: Table 5 Shows that the mean
scores of pedagogical features have highly increased
from  4.300  to  4.950  and  the  range  has  increased from
4 to 1.
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Fig. 2: A comparison of expert's consensuses in Round 2&Round 3

Nineteen panelists answered the last question. Figure  2  shows  that  there  is   a  movement from
Sixteen of them had answered "yes, the change will
continue" and two were not sure. All of the panelists gave
detailed answers to back up their opinions. Because the
study  participants  were   high   school   professionals
and experts on learning programs, their answers were
based on both knowledge and experience and were
worthy for analysis as we try to learn more about the
change in learning chemistry and the learning
environment. Interestingly, all panelists agreed that
teaching chemistry through computers would be
developed. A comparison of experts’ consensuses in
round 2 and 3 is shows in Figure 2.

low  to strongly  agree  in   round  2  up  to  strongly
agree  in  round 3  of  the  statements,    all   of  which
agree  on  the  pedagogical development and
technological    features    for   learning    chemistry
through  computer.  It  is believed that this could be a
catalyst  for  the   conception of views and policies that
will contribute to shape the future. This study can start a
process, which are a joint of thinking about the strategy
and the implementation of ICT in Iranian schools.
However, experts expressed their interest for the use of
computers in education.
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CONCLUSION REFERENCES

The Delphi method was successfully utilized in this
study to identify experts’ opinions about the essential
features in teaching chemistry through computer. Based
on the results of this study, teaching chemistry through
computer requires improvement in technological and
pedagogical features. The absence of any one of these
features would mean that the chemistry teaching through
computers could not be effective in national level and
definitely could not be considered to compete at
international level. In national level all features that were
discussed are evident and need immediate concern. 

Implications and Recommendations: The current study
has identified pedagogical and technological features of
teaching chemistry through computer. However, the
Delphi Panel has been able to establish the relative
importance of these features. The results will provide
other researchers, as well as leaders of educational system
of Iran with a clearer understanding of the state of
teaching chemistry through computers and a starting
point for further research, debates and discussions. It
must be attended that studies the show the ICT classroom
implementation has been rare by chemistry teachers
around the world [34]. The Identified essential features
can assist policy makers in improving context and
focusing on resources, as well as, processes where the
greatest impact or change can be realized. Policy and
resource providing support for the teaching of chemistry
through computer are urgent. The implementation
strategies need to be thought out. Moreover, the findings
show that the move is slow and needs a faster pace. 

Limitations and Delimitations: A threatening limitation of
the current research was the fact that only a few chemistry
experts had participated in this research. Furthermore, the
method of data collection was largely confined to
interviews. Moreover, this study was based on data
analysis and applying the Delphi technique which might
be deemed to be inefficient for the purposes of drawing
credible conclusions. The researchers had also faced
some delimitation in their research such as the time factor
which was extended over two months by participants who
answered the questions quickly. The additional
opportunity for discussion in a Delphi study was
important to clarify the statements that participants were
asked to rate. Unfortunately this study lacks such
opportunities. Finally, there was some overlap in the
statements that may have caused confusion in this
research.
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