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ABSTRACT

Systemic chemical education reform [SCER] has gained a great importance
internationally due to the competitive job market and global market economy which create
global challenges and stresses on our current educational system. SCER is a dynamic procegs
that requires constant communication, evaluation and has implications for curriculum,
instruction, assessment, and professional development. It occurs in all aspects and levels o[
education process those impacts in all stake holders. The present work presents the systemjc
view of CER which means the change of our chemistry educational system from linearity to
systemic in which we design the chemistry curricula and write the contents systemically. Also
the content was taught by using SATL strategy on the light of systemic standards and objectives
which are measured by systemic assessment. In this paper we will shed light on systemig
curriculum design [SCD], systemic content [SC], and systemic assessment [SA] in the frame of
Systemic Chemical Education RefofAJCE 4(1), January 2014]
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INTRODUCTION

On reaching the 21century and with the development of communication media and the
ease of information flow, the world seemed to be living in a small village full of developed and
complicated information. The new century generation has challenges that are difficult and
numerous, either to find its place in this universe or the international flood of science and
knowledge will take him/her away. So it is a must to make a revolution in our educational
systems so that to create a generation that is able to see the whole and not to miss some parts
it. To connect facts and concepts in a global contextwant as we live in 21st century to reach
by our educational system from linearity to systemic. So we searched for an educational system
growing the systemic way of thinking of our students that is one of the most important
characteristics of Global Era.

Here is the systemic education reform which means the change of our educational systenm
from linearity to systemic in which we design the curriculum and write content systemically,
which presented by SATL strategy on the light of systemic standards, objectives and assesses 4

systemic assessment.
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Fig.1: Systemic Education [SE]

Systemic diagram in fig -1 shows the components of systemic education. By Systemic
Education [SE] it means (i) education in the higher learning levels [Synthesis-Analysis-
Evaluation-then Creativity], (ii) education leads to highly ordered cognitive structure, (iii)
education concerned with meta-cognition rather than cognition, (iv) education concerned with
systemic thinking which is one of the important learning outcomes of SATL and necessary for
preparation of citizen live in the global Era.

It was stated previously that systemic education reform was based on changes in content
pedagogy and assessment. However, we present here a new looking for SER which mean
reform of all the above components of the SE. This means systemic reform of standards,
objective, Systemic Curriculum Design [SCD], Systemic Content [SC], Systemic teaching

strategy [SATL] (1-3) and Systemic Assessment [SA] (4-7).
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In this paper we will shed light dBCD - SC- SAn the frame of Systemic Chemical Education

Reform [SCER].

I- SYSTEMIC CURRICULUM DESIGN [SCD]
The first part of our study on systemic chemical education reform [SCER] is the

systemic curriculum design. SCD can be illustrated in the following systemic diagram Fig.2.
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Fig.2: Systemic curriculum design
The above diagram shows the interacted components of systemic curriculum. Curriculum

should be designed on the light of the university mission and vision, standards and objectives
which should be addressed on the light of local and global requirements. SCD will leads to
program, and learning outcomes which fulfill total quality management (TQM), total quality
control (TQC) and total quality assurance (TQA) of the educational systems (8).

National requirementa/ere determined by the university, cultural, social, economic and

competitive job market requirements which fulfill TQA. All these factors affect each other and

affected by other components of SC. Global requiremerte determined by global economy
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market requirement and competitive global job requirements beside the needs for preparation o
global citizens.

Learning outcomés a clear statement of that which a learner is expected to be able to do

or to know at the end of his/her program/course study in chemistry. It provides easier access tq
the chemistry curriculum by those wishing to accredit their knowledge and experience gained
outside the universityAlso help to ensure that appropriate assessment methods are adopted, and

thereby increase the potential for diagnostic assessment. Program oig@statement of that

which a student is expected to be able to do or know at the end of his/her chemistry program
course of studyProgram outcome includes statements of personal transferable skills, or key
skills in chemistry.

The following are the chemistry curriculum design procedures (8):

1. Instructional StrategiesMake chemistry courses effective, popular, and keep the course

materials at the best reading level. How to design chemistry exercises?
2. Work Plans Where to start? How to reduce chemistry course costs? How to reduce
chemistry course length? How to estimate design time?

3. Learner AnalysisWhat you need to know about chemistry learners? Where to get this

information?

4. Task Analysis What are the chemistry sources of data? How to build the chemistry
course at the learners' level? What is the best way of sequencing chemistry course
content? How to link chemistry learning to job market requirements?

5. Principles of Learning How much theory/background material to include in the

chemistry course? What is the best approach(s) used to motivate learners in the chemistry

courses? What types of indoor and outdoor activities to schedule based on time?
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6. Objectives and Test®Vhat Types of objectives? How to write objectives quickly and

easily on the light of standards? How to design performance checklists for chemistry

Labs?

7. Validation and AssessmentVhat to include in a course assessment? What assessment

forms you can use in chemistry? How to measure learning outcomes?

All the above mentioned questions should be clarified by curriculum designer team and
constitute the guidelines for the curriculum designer. Chemistry Curriculum Design Procedure
works systemically, i.e. each component strongly interrelated to the other components as §

illustrated in the systemic diagram Fig.3

Instructional
Strategies
Work Plans Principles
/ of Learning
VALIDATION
AND
ASSESSMENT
Learner Objectives
Analysis and Tests
Task Analysis

Fig.3: Systemic diagram of the Chemistry Curriculum Design Procedure
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[I-SYSTEMIIC CONTENT [SC] OF THE CHEMISTRY COURSE MATERIALS

The second part of our study about SCER is the systemic content [SC] of course
materials. In systemic chemistry education we arrange the course content materials in a systemi

way (1). This means arrangement of concepts or issues through interacted systemic in which, al

relationships between concepts and issues are clear as shown in Fig.4.

issue
or concept

issue
or
concept

issue 1ssue
or ' or
concept concept
1ssue
or
concept

Fig.4: lllustrates the idea of systemic arrangement of chemistry course materials.

However, linear presentation of chemistry course materials means arrangement of

chemistry issues and concepts in a sequential presentation as in Fig.5.
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Concept/ Concept/ Concept/ Concept/
Issue (1) Issue (2) Issue (3) Issue (4)

Fig.5: lllustrates the idea of linear arrangement of chemistry course materials.

In practice, the systemic building strategy allows the teacher to build up sequentially a
single concept map starting with prerequisite concepts required for the student before he/shg
starts on a systemic approach to learning. Figure 6 shows this strategy for building the closed
cluster of chemistry concept map (systemic; SD1-SD5) involving the five concepts entitled E, F,

X, Y, Z ().
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Figure 6. The evolution of a completed closed chemistry

concept cluster from a starting point
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The instructor has in mind the linear concept structure shown in Figure 5, which he/she
wants to develop into the closed cluster (systemic) shown as Figure 4. The prerequisites arg
simple bi-directional relationships between the concepts. Thus, initially, there are four unknown
(to the student) relationships in the final cluster of concepts (Figure 6). The full closed cluster
concept map [SD5] can be developed in four stages by sequentially introducing the (initially)
four unknown concepts. At each step, another part of the final closed concept cluster is addeg
and developed. This process clearly illustrates the systemic constructivist nature of systemic
arrangement of the course content materials. This building strategy could be used in different

branches of chemistry.

APPLICATION OF SYSTEMIC BUILDING STRATEGY IN CHEMISTRY

Systemic building strategy of course content materials was used to develop courses in|
Organic chemistry, Inorganic chemistry, physical chemistry, and analytical chemistry. Systemic
chemistry courses were produced by the Science Education Center at Ain Shams University, angl

experimentation in different university and school settings.

Pre-College Courses
SATL-Classification of Elements

We present now the details of the transformation of the usual linear building strategy
fig.5, usually used to build this subject that involves separate relationships, to the corresponding
systemic building strategy fig.4, which involves closed concept cluster (systemic) that presents

the systemic relationships (9).
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Stage-1 Linear arrangements of periodicity of the properties of elements

The periodicity of the properties within the horizontal periods is linearly arranged and

illustrated as in the diagram in Figure 7, and within the vertical groups is linearly arranged as

illustrated in the diagram in Figure 8.

By increasing
the atomic
number in
periods

Fig.7: Linear arrangement of periodicity of properties of the elements within the periods.
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Fig.8: Linear arrangement of periodicity of properties of the elements within the groups.
The previous diagrams of periods and groups represent linear arrangement of properties
with separated chemical relations between the atomic number and Atomic radius — lonization

energy - electron affinity - electro negativity - metallic and non-metallic properties - basic and

acidic properties.

Stage-2 Systemic arrangement of periodicity of the properties of elements

The periodicity of the properties through the periods can be arranged systemically by

changing the linear arrangement in the linear diagram Figure (7) to systemic arrangement ag

illustrated in the systemic diagram (SD1-P) Figure (9).
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Fig.9: Systemic Diagram (SD1 - P) for the periodicity of properties of elements within periods.
Also the periodicity of the properties within groups can be illustrated systemically by

By increasing
atemic number
within the

changing linear arrangement in Figure 8 to systemic arrangement in systemic diagram (SD1-G

Figure 10.

Figure (10):Systemic Diagram (SP G) for the periodicity of properties of the elements within
groups.
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Stage-3: Completion of the systemic arrangement of the periodicity of properties

After we start systemic arrangement of the periodicity of physical and chemical
properties of the elements, we can introduce more relations to complete the systemic diagram b

modifying systemic diagrams (SD1-P) Figure (9) to (SD2-P) Figure (11), for periods, and (SD1-

G) Figure (10), to (SD2-G) Figure (12) for Groups.

lonization
energy

Non-metallic
property

: Metallic
(7 (1) ‘ﬂ‘ 10 property
By increasing

atomic number
within the periods g Q 17

Amphoteric
property

The oxidation number
for element in its oxide

Figure (11): Systemic Diagram ($D- P) for the complete systemic arrangement of

Periodicity of the properties of the elements within periods.
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Figure (12): Systemic Diagram (2D G) for complete systemic arrangement of the periodicity
of the properties of elements within-groups.

The above mentioned content was experimented in Egyptian secondary schools. Fifteen
systemic content based lessons in inorganic chemistry taught by SATL method over a three -
week period were presented to a total 130 students (9). The achievement of these students was

then compared with 79 students taught the same material using standard (linear arrangement

and traditional teaching method.
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The results of experimentation
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Figure 13: Percent of students in the experimental groups who succeeded (achieved at a 50% qr
higher level). The bars indicate a 50% or greater achievement rate before and after the systemif
70 .

intervention period.
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Figure 14: Percent of students in the control groups who succeeded (achieved at a 50% or highg
level). The bars indicate a 50% or greater achievement rate before and after the linean
intervention period.
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The results from the pre-university experiment point to the following conclusions:
» Teachers’ feedbacks indicated that the systemic content taught by systemic approach
seemed to be beneficial when the students in the experimental group returned to learning
using the conventional linear approach.
» Students used systemic content and taught systematically improved their scores
significantly after being taught by using SATL techniques.
University Courses
We have three university courses prepared on the basis of systemic arrangement of
content. SATL-Aliphatic chemistry, SATL-Aromatic Chemistry and SATL-Heterocyclic
chemistry. A sample of this work will be discuses in this work.
SATL-Heterocyclic chemistry: [e.g. SATL-Furan Chemistry]
We use heterocyclic chemistry to illustrate, again, how a subject can be organized
systemically, to help students to fit the new concepts to their own mental framework (10).

Stage-1: Linear arrangement of Furan chemidgtigure 15 summarizes all the significant linear

separate chemical reactions of furan, the model heterocyclic compound.
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o i) DMF, POCL, [ | H 0; ‘H
‘( ii) agq Ma, CO, o . || I
“ I - VIal eic / + . o CH,
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II‘T D‘_ CH,N, -
v [ ]L . E
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< Tony N T
) AcONO, / ) R CONRyPOCI,
- hY
ii) pyridine Br,/dioxan ii) ag. Na,CO,
s i) C.HIN S0,
0°C N \
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(8 Br
o SO,H

Figure 15. The classic linear arrangement of Furan chemistry
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Stage-2 Systemic arrangement of the Furan chemistry:

The Furan chemistry can be arranged systemically by changing the linear arrangement in

the linear diagram (Figure 15) to systemic arrangement as illustrated in the systemic diagram

(SD1) as in Figure 16.
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Figurel6: Systemic arrangement [SD1] of the furan chemistry

Stage-3: Completion of the systemic arrangement of Furan chemistry:

After we start systemic arrangement of Furan chemical properties, we can add more

relations to complete the systemic diagram SD-1 to give SD-2 as in Fig.17.
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Figure 17. Complete systemic arrangement [SD-2] of Furan chemistry

The above mentioned content was experimented as part of heterocyclic chemistry courssg
taught by using the SATL technique to the 3rd year students at Ain Shams University. A portion
of the one-semester course (10 lectures, 20 hours) was taught to students during the academjc
years 1999-2000 (10).

The data summarized in Table 1 below shows that students use of systemic content werg
significantly improved after being taught by using SATL techniques.

Table -1: Percent increase in student scores
Before intervention After intervention

Linear questions: 37.32 % 49.53 %
Systemic questions: 21.19% 90.29%
Total: 32.52% 69.1%

These results are statistically significant at the 0.01 level.
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Systemic to Laboratory Instruction
Applying Systemic arrangement to laboratory instruction reveals the following
advantages, which constitute the principles of benign analysis (11):
* Smaller amounts of Chemicals are used
* Recycling of Chemicals
» Experiments are done with fewer hazards and more safety
» Experiments are done more rapidly
» Students easily acquire a working sense of the principles of green chemistry
Classical laboratory-oriented subject of qualitative analysis involves the application of
linearly obtained chemical information to an unknown solution in a linear way. In contrast to the
linear approach of learning chemistry of cations from a laboratory experience, a systemic
approach has been developed that focuses attention on individual species (Figdyephshg
this approach to laboratory instruction allows students to experience the colors of chemical

species, their solubility characteristics, and their redox behavior.

Exp. 4 /[ AN
Exp. 1

(”
O I
E‘w{ AL ] ) Exp. 2

xp. 3

Figure 18: Systemic Investigation of specié{®\-Plane)

This diagram shows the systemic arrangement Investigation Plane [SI-Plane] for
qualitative investigation of the species JAthe preparation of (A compounds and the

conversion of the species.

37




AJCE, 2014, 4(1) ISSN 2227-5835

Example-[A]: Systemic Investigation of [P5*] (SI-1): Lead Cycle
The students follow the plane (SI-1) to investigaté{(Pib a series of experiments (1-4)
in a single test tube on a small sample of lead nitrate (0.5 ml), then they recycle the product off

(Exp. 4) to Pb (NO3)2 (Cf. SI — Final).

Pbh++
. - Exp.l HNO, - Na. 0y
HNO, ‘\ 5 N
— RN R“-“l"'.% —— (h
Nitrate Salt S Nitrate Salt Y
(Yellow ppt) (White ppt.) (Yellow ppt) (White ppt.)
Lead iodide Lead Lead iodide Lead
Oxalate Oxalate
2y | Exp4 ?) [Exp.2 4y | D
)| Exp ¢y Exp Y THNOS
i) K1
(White ppt) (White ppt) (White ppt) (White ppt)

Lead
hydroxide

Lead
hydroxide

Lead

carbonate

Lead

carbonate

i) HNO;
i) Na,C'O;4

(SI -1 - Plane) {SI -1 - Final)

Example - [B]: Systemic Investigation of [Ad] (SI-2): Silver Cycle
The students follow the plane (SI-2) to investigate jAg a series of experiments (1-3),

then recycle the product of (Exp.3) to AgNQCf. SI-2-Final).
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Ag* Exp.1 ‘ (Whiteppt) [f|~  Ag’ Na,S0; (White ppt.)
Silver ) 1  Silver Silver ‘ ) 7 Silver
nitrate. sulphite. nitrate. sulphite.
Recyding ; e
) —— . = iy HNO, .
HNO; fxp-2 [ HNO; ii) Naa (05 ch
(White ppt.) Exp.3 (White ppt.) (White ppt.) (+) [ (White ppt.)
Silver . 5 Silver Silver < Silver
phosphate J ) t carbonate ._phosphate ‘ iy HNO, l carbonate
i) NazFPO,

(SI-2 Plane)

Results of Experimentation

The experimentation results showed that the benign scheme based on systemig

arrangement of investigation experiments reduces the consumption of chemicals in comparisor

(SI-2 Final)

with the classical scheme as shown in table (2). This means low cost, and less pollution (11).

Table 2: Amount of salts needed for experimental groBpnign schenmeand reference group

(Classic schene

Salts Amountrequired (gm / 50 Students)
Classic Scheme Benign Scheine
Solid- (2) 0. 1IN Solution (12 liter)
PhNO,), 100 16.5
AKNO, ), 240 11.0
CrCly 6H,O 200 13.5
NiC'l,.6H,0 200 12.0
C'o(NO,),.6H,O 2040 15.0
'dC1, SH,O 150 13.5
BaCl,.2H,O 200 12.0
MgSO, TH,O 201 12.0

The results, of experimentation indicate that a greater fraction of students use the

systemic content and exposed to systemic techniques in the experimental group, achieved at
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higher learning level than did the control group taught by the linear content and classical

approach.

[II-SYSTEMIC ASSESSMENT [SA]

The third part of our study about systemic chemistry education reform [SCER] is the
systemic assessment [SA] to assess student achievement in chemistry. By SA we actually
measure the change in cognitive structure of student after each learning process.

We have proposed systemic assessment (SA) of learners, aiming to a more efficient
evaluation of the systemic-oriented objectives in the SATL model and effective tool for
assessing students' meaningful understanding of systemic chemistry topics in secondary angl
tertiary levels (4-7). Systemic assessment is the key component in the systemic curttaglum

used during the systemic course to monitor the student progress (formative) and at the end of th

U

course to monitor the progress of students’ cognitive structures (summative).
Students answering systemic assessment questions (SAQs) are able to (i) connect severgl

concepts at once, applying them in a new situation, and synthesize them to create &

comprehensive meaningful conceptual structure, (ii) select specific concepts that fit the particular

item and combine them into integrated meaning in their systemic cognitive structure, (iii)

illustrate systemic meaningful understanding of scientific concepts.

Why Systemic Assessment (SA) in chemistry?

Systemic assessment (SA) has the following advantages:

1. It measures the cognitive structure from the cumulative (quantitative) to the interactive and

tuned (qualitative)
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2. Assess students higher-order thinking skills in which students are required to analyze, synthes
and evaluate

3. Measures the students’ ability to correlate between chemistry concepts

4. Enables the students to discover new relation between chemistry concepts

5. Gives the students rapid feedback during the term about how well they understand the chem
course material

6. Assess the students in a wide range of chemistry concepts in the course unites

7. Measures the systemic ILOs, beside separate Linear ILOs

8. Develop the ability to think systemically, critically and creatively, and solve problems

9. Very easily scored

10. Being objective, realistic and valid.

Types Systemic Assessment Questions [SAQS]

SAQs are the building questions of any systemic objective test [SOT] namely Systemic
Multiple Choice Questions [SMCQs], Systemic True, False Questions [STFQs], Systemic
Matching Questions [SMQs], Systemic Sequencing Questions [SSQs],Systemic Synthesis
Questions [SSynQs]. Different examples from different branches of chemistry were previously
published (4-7).

Systemic assessment questions forms are valid and reliable tools for assessing students

achievements, treated by systemic content [SC], and SATL at higher learning levels.
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