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In the last nine years, we have designed, implement, and evaluated the systemic
approach to teaching and learning chemistry (SATLC)[1-4]. In continuing this work,
we have designed a new kind of objective test based on systemics, which is presented
here.

The questions in objective tests require a very short answer. The questions are
related to facts (thus, objective) which have unequivocal answers. Objective questions
can be multiple choice, true/false, and fill in the blank. The scoring procedure for an
objective test is completely specified enabling agreement among different scorers.
Traditional objective tests are usually good instruments examining the recall of
information and the application of terms, but they cannot assess learning beyond
comprehension. However, systemic objective tests can challenge students and
potentially can test higher learning levels (e.g., analysis, synthesis, and evaluation in
Bloom’s taxonomy [5,6]).

We illustrate here examples of systemic multiple choice questions that can form
the basis of conventional objective tests and which require a choice from a list of
possible systemic-related answers. Each systemic choice represents three to five
physical, or chemical relations, between concepts, atoms, or molecules.

Various types of systemic multiple choice questions from the fields of general,

organic, heterocyclic, and physical, chemistry are presented here.



Type (I): Choices from among triangular systemics:
General Description:

Which of the following systemic diagrams represents the correct relations
between (A—C)? Indicate the correct systemic diagram by a (V):

(A, B, C) are concepts, atoms, or compounds.

(X, Y, Z) are physical or chemical relations.

Correct answer (V) is (a)
Specific Examples:
Q1. Which systemic diagram represents the correct chemical relations between

iron and its compounds?

b)

il H,SO,

Correct answer (V) is (c)



Q2. Which systemic diagram represents the correct chemical relations between

sodium and its compounds?

a) Na b) Na
electrolygfs O,/ burn CO, O,/ burn
HCl H,0

NacCl Na,O NaOH Na,O

H,O

| Na,CO NaOH

Correct answer is (V) (a)

Q3. Which systemic diagram represents the correct chemical relations between
ethylene, ethanol, ethyl bromide?

a)
alco. KOH, )
dil/H,S0, A dil/H,S0,
CH;CH,Br | «g————CH,CH,0H CH3CH, - Br CHs- CH,OH
(CPPPTR ) [CPPPYPP )
c)
alco. KOH,
Conc./H,SO, Conc./H,SO,
CH3CHzBr CH3CH20H CHSCHZ' Br b CH3;- CH,OH

Correct answer (V) is (b)



Q4. Which systemic diagram represents the correct chemical relations between
benzene/ chlorobenzene, and phenol?

y© ? O
H,0, I,/Fe ZH}U}/ I,/hv

OH Cl OH Cl
NaOH NaOH
fusion fusion
[ ) [ )
e Y O
Zn dust/
A ly/Fe Z“){U}/ lo/Fe
OH Cl OH Cl
N3O ag. NaOH
fusion
[ ) [, )

Correct answer is (V) (c)

Q5. Which systemic diagram represents the correct chemical relations between
pyrrole and its related compounds?

heat 2960 1 INOME/ POC4
ll) ay. Na2CO3 /Pd
aq. alk. | | ] i) CH;MgBr |
11) hydro.
cooy KMnO, N~ CHO N )by N~ CH;
H H H
(G ) [C )
¢) d) U |
N
v N CoH
ap. yhase Nitragfon
heatR00°C
| ‘ Conc. HNO; | |
-
~mso, [ ]
N~ “CH,OH N N N
H H 0, H
[ )

Correct answer (V) is (a)



Type (I1): Choices from among quadrilateral systemics:

Q1. Which systemic diagram represents the correct relations between (A—D)
Indicate the correct systemic diagram by a (V):
(A, B, C,D) are concepts, atoms, or compounds.
(X,Y, Z,E) are relations.

® = ® ® -~ ®
a) E 'Y() b) Z 'Y()
® -— © ® - ©
® ——~ ® ® — = ®
¢ E .‘1<) 4 Y Zo()
© -—x © ® -+ ©

Correct answer (V) is (a)
Specific Examples:

Q1. Which systemic diagram represents the correct chemical relations between

iron and its compounds?

e |-Cone HCL ey, Fe |-HCless [y,
(@) b Air/
Mg HCI (b) Mg o
Conc. Conc.
Fe (SOy)4f FeCly ) R
©2(504); H,S0, e Fey(SOy); S0, ek
) )
HCI gas
Fe H4C1Agas__ FeCl, Fe A FeCl;
. Air/
(¢c) Cu Air/ A (d) Mg heat
i Conc. H,SO,
Fez(SO4)3M FeCl; Fes(SO4)s«———2 FeCl,
)

)

Correct answer (V) is (b)




Q2. Which systemic diagram

(a)

(b)

(d)

properties?

Property

W N »—s

Electronegativity
Metallic property
Atomic radius

Li

1) Increases

represents the correct sequence of physical

2,3) Decreases

b

Decreases

2,3) Increases

Be

1) Increases
2,3) Decreases

1) Decreases

2,3) Increases

C

¢ 2) Increases B
. 1) Decreases
lLl 2,3) Increases Be
1) Increases 1) Decreases
2) Decreases 2,3) Increases
1) Decreases
C -~ 2,3) Increases B
. 1) Increases
%" 2,3) Decreases Be
1) Decreases 1) Increases

2,3) Decreases

1) Increases
Z,3) Decreases

B

Li

1) Decreases

2,3) Increases

Be

1) Decreases
2,3) Increases

C

1) Decreases
2,3) Increases

1) Decreases
2,3) Increases

B

Correct answer (V) is (c)



Q3. Which systemic diagram represents the correct chemical relations between

(a)

(c)

sodium and its compounds?

Na 81211/1 ~ Na,O
heat HCI
Na,COg«— &2 NaCl

()

Na PO NaOH
heat HCI
Na,COJ— 2 NaCl

C )

Correct answer (V) is (d)

(b)

(d)

0,/
Na burn = Na,O
heat H,0
CO
Na,CO3 : NaOH
)
H,O
Na 2 NaOH
Electrolysis CO,
on malten salt
HCI
NaCl C N32CO3
¢ )

Q4. Which systemic diagram represents the correct chemical relations between

(a)

(c)

calcium and its compounds?

Ca = Ca0
Electrolysis H,O
CaCl, J«— ¢l Ca(OH),
C )
Ca(OH), HCl CaCl,
A Electrolysis
CaCOs5 (CO; Ca

Correct answer (V) is (a)

(b)

(d)

H,0

CaO ~ Ca(OH),
heat CO,
CaCl, Hel CaCOs5

« )
A
CaCOy CaO
1
A HCI
Ca Electrolysis CaCl,
()



Q5. Which systemic diagram represents the reaction sequence Substitution —
Substitution — Elimination — Addition?

. _alco. KOH , [~y.=
CH;-CHj Bé/hv CH;CH,Br CH;CH,Br o) CH,=CH,
o dil/H,S0,
@ H2Ni|@ @ |aq.KOH  (b)  Bryh|@ HA0
CH,=CH Coned §1—1 CH oyﬂ CH;-CHj; S CH;CH,Ol
27 ' H2S04, 1700C 32 HI/ 1500C
) )
Cone. H,SO CH,=CH, E‘DBr CH,CH,Br
. IS _
CH;CH,OH D1700c | CH2=CH,
(d) alco. KOH| @ @ | znmct
(¢) aq. KOH|@ @ |HyNi 5
CH}CH'_)BI' CI—I_.;—CI—I3
CH;CH,Br ® CH;-CH; |:| Bry/hv l:‘
- - Brz/hv - - ( )
(G

Correct answer (V) is (a)

Q7. Which Systemic diagram represents the chemical relations between oxirane,
aziridine, ethanolamine, and ethylene?

\ / Ph,P v \ / PhCOz;H \ /
0 0)
NH;
a) Cly/H,0 H,S0, b) HNO,
H,SO \ /
NH; \ / [\ 2S04 4
HO  OH N HO  NH, N
() ()
\ / | LiAlH, CHLCIL,OH \ / Ph;P
0 0
i N3 Conc.
©) i) TSCI, H+ HyS0,/ g NH; NOCI
iii) B- 1700C
N/ /\ i) H,S0, \ /
N Nodl H,N OH 1) KOH/ N
H () / N\ 1700C H
C)

Correct answer (V) is (b)

Type (111): Choices from among pentagonal systemics:



Which systemic diagram represents the correct relations between (A—E)?

(A—E) are concepts, atoms or compounds.

(X, Y, Z,M,F) are physical or chemical relations.

Correct answer (V) is (a)
Specific Examples:

Q1. Which systemic diagram represents the correct chemical relations between

calcium and its compounds?

electrolysis



HCI

b)
Ca(OH), electrolysis
A
H,SO,
[T )
c) A
electrolysis
O,
.............. )
HCI
d
Cao electrolysis
A
H,SO,
CaCOg; Ca(OH);
[T )

Correct answer (V) is (a)
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Q2. Which systemic diagram represents the correct chemical relations between
ethylene, ethane, acetaldehyde, ethylbromide, and ethanol?

a)
Conc.H,SO,
b
HBr
H,/Ni
KMnO,/
Zn/ Conc. HCI/A Conc.HzS0,
[ COT )
c)

alco. KOH
A

dil/H2S04

Br,/ hv

Zn/ Conc. Conc.H,S04
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d) aq. KOH
CH;CH,Br

HBr

H./Ni
CHZZCHZ

Correct answer (V) is ()

dil/H,SO,

Conc. HCI/A

CONCLUSIONS

We have shown how the ubiquitous multiple choice format for questions can
be adapted to evaluate student learning using the systemic method of teaching. These
kinds of questions probe the student’s ability to make maximum connections between
classical concepts, elements, compounds, and their reactions. Additionally, students’
recognition of patterns of connection instead of the individual convictions is an
important outcome of teaching and learning. Using systemic methods are important
outcomes of that process and the evaluation technique described here probes that

characteristic.

Systemics, objective tests, evaluation
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