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ABSTRACT

Systemic diagrams are the key to creating units of study for the method described as the
Systemic Approach to Teaching and Learning (SATL). Here we present a detailed description of
the generation of systemics. The general approach is first discussed to establish the basic ideas of
SATL. The general method is then specifically applied to a portion of the aromatic chemistry of

benzene and its simpler derivatives. Finally, examples of SATL-oriented questions for student
assessment are presented. [AJCE, 1(1), January 2011]
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INTRODUCTION
In a previous paper (1) we have described the intellectual antecedents of the Systemic

Approach to Teaching and Learning (SATL) techniques, namely, the constructivist theory (2),
and concept maps (3) as well as our observation that a part of the success of the methods appears
to mimic the current ideas of general brain function. Here we present the details of constructing
and using systemic units for teaching and learning.

The key teaching device in the SATL technique is the Systemic Diagram (SD) which is a
two-dimensional representation of the concepts that are to be taught to, or learned by the students
in a class. As we described earlier (1), a systemic diagram can be thought of as a “closed concept
map cluster” (Fig. 1). The person (teacher) who created the Systemic Diagram (Fig. 1B) has
decided that not all of the concepts 1-6 displayed in Fig. 1A could be effectively incorporated in
the Systemic Diagram, Fig. 1B. Apparently concept 4 will be picked up in another systemic
diagram when it will, ultimately, be reunited with the other concepts. The minor excursion into

creating a systemic diagram illustrates the flexibility of creating systemic diagrams.

Concept 1 Concept 1

Concept 5

Concept 2 I

)

Concept 3

)
Concept 6 ' Concept 3 4@

(A) (B)

Fig. 1. A comparison of a concept map (A) and a systemic diagram (B).
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Any unit to be taught using SATL methods involves the building of a systemic diagram
(SDy) that has been determined as the starting point of the unit; SD¢ incorporates the prerequisite
concepts. Recall that Ausubel has suggested (2) that, in order to teach effectively, a teacher
should start with what the students know and build upon this. The SDy unit assures that all
students will have the same starting point as they progress through the entire set of systemic
diagrams. The unit ends with a final systemic diagram (SDy) in which all the relationships
between concepts in the unit that have been taught to the student are known (Fig. 2). From SDy
through SDy we encounter several smaller systemics with known and unknown relationships

(SDy, SD», etc.).

(Maximum Unknown (All chemical relations are known)
Chemical relation)

Fig. 2. Systemic teaching strategy

BUILDING UNITS
The strategy of building SATL units is to convert the linearly based approach most often

used to teach chemistry (and other subjects) into systemically-based units according to the
following process;
1. The general systemic aims and the operational objectives for the unit should be defined.
2. The prerequisites needed for teaching the unit from previous studies (concepts, facts and

skills) should be tabulated into a list.
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3. The organization of the linearly-based list of materials (see step 2 above) into concepts,
facts, laws, relations, skills, and affective issues should be established.
4. Draw a diagram (Fig. 3) illustrating linear relations among the concepts collected in step

3 above.

Fig 3. Linear relations between concepts

Consider the concepts X, Y, Z, E, F, G, and H that are contained in the teaching unit in
question with its relevant facts and skills etc. Generally these concepts would be addressed
linearly as shown in Fig. 3. We put a check (\) on the relationships that are known (by the
student) from previous studies, see Fig. 4. In this example, assume the linear relations (X-E), (X-
7), (X-Y) are known to the students from previous work, then the remaining linear relations (X-
F), (X-G), and (X-H) are unknown to the student and are indicated by the question mark symbol
(Fig. 4). In other words, the student knows the checked (V) relationships and the point of the unit
work is to learn the “unknown” (?) relationships. So the diagram in Fig. 3 will be modified as

shown in Fig. 4.
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Fig. 4. Showing linear relations between concepts after
defining the known from the unknown ones.

Notice in Fig. 4 that linear relations (1-3) are known and are indicated by the sign (),

and the heads of arrows are defined (—), those “known relationships: represent the previous

knowledge upon which the systemic diagram will be built. In other words, these relationships are

assured or known to be within the knowledge structure of the students who will learn from

systemics. The relationships (4-6) are undefined and indicated by the sign (?) and the heads of

arrows are not defined («<»); these represent the new knowledge that is to be learned by the

students using this systemic diagram. Fig. 4 is modified to a systemic diagram by adding

relationships between the concepts (H-Y), (Y-Z), (Z-E), (E-F), (F-G), and (G-H) (if such exist)

which are indicated by the numbers 7-12; the result is shown on Fig. 5 and is identified as SDy.
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Fig. 5. The systemic diagram derived from
Fig. 4. using the process described in the text.

The systemic diagram, SD, (Fig. 5) has the following features:

a) Because the relationships (1-3) are known the heads of arrows are defined (—) and the
relationships are indicated by the check mark (V).

b) The known relationship between two concepts may go in both directions as indicated by
double-headed arrows (<>), but, to simplify in this case, we consider the relationships
between concepts to have one direction (—).

c) The relationships from 4-12 are not yet defined and are indicated by the question mark
(?) and the double-headed arrows («»>). These will be refined during the study of the unit.

d) The systemic diagram shown as Fig. 5 is called the starting systemic diagram (SDy)
because it contains relationships 1, 2, and 3 that are previously known to the student.

In the scenario for teaching this unit we start by teaching the relationships (7, 8, and 9), then

all relationships are known to the student.
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Fig. 6 (SDy)

In the systemic diagram, SD; (Fig. 6) the relationships 7, 8, and 9 have become defined—
known by the student—and the arrow directions determined (—), but the remaining
relationships, 4, 5, 6, 10, 11, and 12, are still unknown to the students and will be defined later
during the study of the remaining parts of the unit. The student in the first stage of this study of
unit has identified the relationships 7, 8, and 9; connecting them with the formerly studied
relationships 1, 2, 3 and those that will be studied in the remaining parts of the unit.

In this stage of the study of this unit we can ask the students to build the systemic
diagrams showing the relations between the concepts of X, Y, Z, and E during the systemic
assessment.

In the next stage of the study, the student can study the relationships 4, 5, 10, and 11 and
add them to SD;, (Fig. 6), to obtain SD,, (Fig. 7). In this systemic diagram all the relationships
became known except 6 and 12, which will be identified in the later stage of the study of this
unit. At this stage of the study, the student could study the relationships of 4, 5, 10, and 11 in

view of the previously studied relationships followed by those that will be studied, namely, 6 and
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12. Finally, the student can build several systemic diagrams showing the systemic relations in the

systemic assessment (vide infra).

Fig. 7 SD,

In the last stage of the study of this unit, the student studies the two remaining

relationships, 6 and 12, based on the previously studied relationships, then the student adds them

to SD; to obtain SDs (Fig. 8) which is the end of the systemic teaching and learning of this unit.

Fig. 8. SDy

All the relationships between concepts 1 — 12 have become known in SDs (Fig. 8); and

SDs is the terminal systemic diagram for teaching this unit.
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From the scenario of teaching this unit, we extract the following general observations.

We started teaching the unit using the systemic diagram SDy, that has been determined by the
teacher as the starting point of the unit, and we ended with the systemic diagram SDs that defined

the terminal point of the unit; between the two systemics we pass through the diagrams SD; and
SD;.

The systemic diagrams involved using the approach to study are similar except that the
number of known relationships (V) and the unknown ones (?). As we proceed in teaching the
unit, the unknown relationships become diminished while the known ones increase until we
reach the end where all the relationships become known as indicated in Fig. 2. The systemic
diagrams are used in the related processes of teaching and learning, but not as summaries for
memorization. It is the process of building (constructing) the overall diagram that helps both
teacher and student; it helps the teacher to teach and the student to learn and the process can be
utilized from the beginning to the end of teaching material in the unit. In a sense, the terminal
systemic diagram is a summary of the unit contents, but the important aspect of SATL
techniques is the process.

In our experience, students become aware of the characteristic pathways of teaching the
unit from its beginning to its end, which can raise their motivation and can help them to
interconnect the knowledge they study at any of the teaching stages with the past and the next
concepts in the unit. Repeating this process appears to help students to build a richer cognitive
structure of the subject of study.

At the end of their study, students could be asked to build numerous systemic diagrams
that show the relationships between 3, 4, 5, or 6 concepts. The results can indicate the extent of

student achievement of the unit objectives through the final systemic assessment (vide infra).
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SATL—Aromatic Chemistry: a specific example

It is often difficult to employ a detailed, but generalized approach of a new
teaching/learning paradigm. We present here a specific chemically-related example of the
application of SATL methods. We use, namely, aromatic chemistry—the chemistry of
benzene—to illustrate how a subject can be organized systemically, to help students to fit new
concepts into their own cognitive structure.

The details of the transformation of the linear approach usually used to teach students
about aromatic chemistry such as the separate chemical relationships among benzene and other
related compounds are shown in Fig. 9, which is a representation of a linear approach to
teaching. The corresponding systemic diagram SD, appears in Fig. 10.

The chemical relationships between benzene and benzene derivatives (toluene,
bromobenzene, phenol, nitrobenzene, benzenesulphonic acid, etc.) are summarized in the
diagram shown in Fig. 9, which looks like a series of linear relationships are connected by
benzene. Fig. 9 looks a bit like it may have started to be a concept map, but the person generating
it gave up. In effect, Fig. 9 is a summary of the individual reactions that makeup the chemistry of

benzene, but it has very little use as a teaching device.
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(Benzenedl fum m é / (Benzyl chlorlde)

(Toluene)
HsPO, / Cu 9 CH,O
— CH(H /HC
HNO,/H2S04 A1C13 CO/HC
(Nitrobshzene) H,SO, ' (Barzaldehyde)
H \ | | /A1C13 - CuCl OOH
Zn dust/ Soda lime
A [CaO/N aOH
(PRenol) BenZene (Ben C acid)
CH3CH2 Br/ A1C13 CH CH3

/
400 - 500°C S
_— 80?>\\\
3CH=CH / |
H,S04/ SO5- Br, / Fe CH3COC1
AlCly (Ethyrgenzene)

HZO/ 180°C
%Oﬁl ‘ COCH3
(Benzenesulphonic acid) @ (Acetop enone)
(Bromobenzene)

Fig. 9. Linear chemical relationships between benzene and related compounds.

We can illustrate the linear chemical relationships that appear in Fig. 9 in the following

systemic diagram, shown as Fig. 10 (SDy).
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Fig. 10. SDy represents some of the major reactions of benzene and benzene derivatives.

In the systemic diagram SD, (Fig. 10.) some of the chemical relationships are defined

(known to the student) whereas others are undefined (to be learned by the student). The known

relationships have to be carefully defined by the teacher. They may be based on prior knowledge,
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or they will be discussed initially in some detail. The undefined relationships are developed
systematically.

After using the diagram shown in Fig. 10 as the basis for the study of the synthesis and
reactions of alkyl benzene, we can modify this systemic diagram (SD, in Fig. 10) to
accommodate other chemistries of benzene and alkyl benzenes as shown in SDy, Fig. 11.

We can modify the SDy to SD; by adding the defined chemical relations of 1-6 and 18.
But we still have undefined chemical relationships of 7-17 besides the other four unknown

chemical relationships, 19 - 22.
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Fig. 11. SD; represents some of the major chemistries of benzene and alkyl benzene.

After studying synthesis and chemical reactions of halogen derivatives of benzene, we

can modify this systemic diagram, SD; (Fig. 11), to accommodate other chemistries of halo

benzene as shown in SD,, Fig. 12.

75




AJCE, 2011, 1(1)

CH

CH3C1/
AICl

Ml’l02/
H,SO,

H3P02

u CH,0 /HCI

Zn Cl,

ConcHNO»/
H,SO,

Nitrobenzene

CO/HCI

(CHy)6Ny/
A.
Ethanol

K2Cr207/

aq Na2C03

CHO

N32CO3 a.
AICI; - CuCl
benzaldehyde

Soda lime, A

Zn dust
A

|

Benzene

H,S0,/SO3 ‘
SO;H Br, /
Iy
4,_/ HzO / Fe

A
l CH; COCl/

A

____—180°C
@ CN
NaOH/ A
A

AICl

Br

Bromobenzene

l Mg/ether

g Br

COCH,

CH=CH,
Oxidation

HCH,

_/‘ \ZnO/

KOH  600°c
\ K2cr207/

CH,CH;
H, SO,

0,/Mn(OAc),
150°¢

(Zn-Hg)

—— HCI

COOH

Benzoic
acid

benzene.

Fig. 12. SD; represents some of the major chemistries of benzene, alkyl benzene, and halo

In SD,, Fig. 12, we still have undefined chemical relationships between 7-10 besides the

four other relationships, 14, 16, 17,and 19. These will be clarified after studying the remainder of
the course.
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A course on aromatic chemistry using the SATL technique was organized and taught to
2nd year students at Menoufia University [4]. The one-semester course (16 lectures, 32 hours)

was taught successfully to 28 students during the academic year 2000/2001.

SYSTEMIC ASSESSMENT ON [ SD; AND SD5] IN THE AROMATIC CHEMISTRY
UNIT

Assessment of student learning using SATL methods can be made as in the case of any
teaching/learning paradigm. The following illustrate the kinds of questions that have been used

successfully for assessment purposes.

) Draw systemic diagrams illustrating chemical relationships between the compounds

of each of the following sets.

CH,CHg COCHg
COOH CH,CHg
b.
, , (Clockwise)
COOH CH,CHg COCH;
1 ] ]
Br CHs
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1)) Complete the following systemic diagrams.

a.
CH,CH;
Cl,/ hv R
! Alc.
..... l o
) Oxid.
b. CH,CH,
WHZBH e
AICI, / .......
c. CHs

Cly/ hv

v
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Correct the following systemic diagrams.

COOH
Soda lime
A
KzCI'207/ CH3COC|/
H,SO, AICl3
COCH3 CH2CH3
@ _ [zn-Hg] / HCI1
b. COOH CH,CH,4
@ Cly/hy
K2Cr207/ Alc.
H,SO, KOH
CH=CH, CI-CH-CHj;

chr207/
< H an

IV)  Convert the following SD into the equivalent chemical equations.
COCHs

CH,COCI/
AICl,
Val Red.
Soda lime, A CH,CHs

COOH / /D [Zzllgg]/
) CH=CH, CI-CHCHj,
Oxid. Cly/hv
alc.
KOH
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