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ABSTRACT
The Systemic Assessment Questions (SAQs) is an assessment scheme proposed in the
Systemic Approach to Teaching and Learning (SATL) teaching model, aiming to a more
effective evaluation of the systemic oriented objectives articulated by this model. The goal of a
research project carried out in our department for the past five years is the development and
evaluation of a systemic assessment framework based on SAQs for the high school organid
chemistry. We initially focused on the potential of the SAQ scheme as well as its characteristics
required to achieve in capturing aspects of students’ meaningful understanding. It was found tha
SAQs’ task format, diagrams’ complexity, and cognitive demands play a significant role for this
scheme in order to efficiently assess meaningful understanding of organic reactions. Based of
these results, the SAQ scheme was then further developed and evaluated in various organif
chemistry topics. Currently, a systemic assessment orientation was also adopted by focusing o
systems thinking assessmertie SAQ scheme was found to be a valuable strategy for assessing
meaningful understanding, as well as systems thinking in organic chemistry. A significant
association was observed between students’ performance on SAQs and on objective item
designed for assessing meaningful understanding of organic chemistry concepts. This associatio
indicates that the students’ systems thinking level developed in organic chemistry is strongly
related with a deeper understanding of the relevant science cojdd@E. 4(2), Special Issue,
May 2014]
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INTRODUCTION
The development of valid and reliable assessment tools is of a great concern to sciencs

education researcheiSystemic Approach to Teaching and Learning (SAS h)teaching model

that has been developed during the past decade [1-5]. SATL originators recognize as the basif

goal of this approach the achievementm&faningful understandinigy students and suggest that

this goal can be attained through the developmensystems thinkingin a context of
constructivist and systemic oriented learning tasks (SATL techniques) [1-3, 5]. In this direction,
they have proposed new types of assessment questionSyshemic Assessment Questions
(SAQs) aiming to a more effective evaluation of the systemic oriented objectives in the SATL
model [6-7]. The SAQs are concept mapping techniques approaching assessment in a system
manner. Their construction is based on the idea that students could be facilitated to understan
meaningfully if science concepts were viewed as closed, cyclic, interacting, and evolving
systems, as meaningful dynamic wholes.

Meaningful understanding is a complex phenomenon. It goes beyond simple retention
and recall of knowledge, i.e., rote memorization of facts and algorithms. It includes a variety of
abilities, from creating links between different pieces of information up to explaining everyday
life phenomena based on the -current scientific knowledge. Accordingly, meaningful
understanding is comprised of different types of knowledge and the ability to link these
knowledge types [8]. Meaningful understanding of chemistry concepts includes the ability to link
related chemical information resulting in making judgments, creating relationships, drawing
conclusions, predicting what should happen. Meaningful understanding also includes the abilities
to draw chemical information from a chemical representation and to construct a chemical

representation using chemical information.
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Systemics is a broad term, which takes into account the fact that there is a range of
different systems approaches. Most of them offer a theory, a methodology for dealing with
systemic issues or problems, and a way of thinking as well, namely systems thinking [9.].
Cabrera et al. [10] identify four rules or patterns of thinking that characterize all systems
approaches, each of which is a special kind of relation between two elememssti(ation
(identity/other):draw distinctions between what is internal and what is external to the boundaries
of the concept or system of concepts,rédqtionship (cause/effectinter-linking one concept to
another by identifying reciprocal causes and effectssysfem (part/whole)organize parts and
wholes into alternative nested systems, anghéd3pective (subject/objecteorienting a system
of concepts by determining the focal point from which observation occurs, by attributing to a
point in the system a view of the other objects in the system. According to the Distinction-

System-Relationship-Perspective (DSRP) model, to become a systems thinker, one needs only t

O

—

understand these four conceptual patterns and apply them in the context of a formalistic approac
for systems thinking [11].

The SAQs is a novel assessment scheme which incorporates a concept map|

}2

representation which is called a “systemic diagram” and represents a conceptual system having

closed, cyclic form. In systemic diagrams all concepts are interrelated, directly or indirectly,

>

creating a closed conceptual structure which emphasizes the interactions between concepts. |
the SAQ scheme, the valid analysis, construction, or completion of a novel systemic diagram
with unique characteristics is required from the examinees. For accomplishing these tasks,
students should be able to think in a systemic manner having developed important thinking
skills, like the abilities of making distinctions, taking multiple perspectives, and creating

relationships in order to organize a conceptual system, namely, to analyze the system to itg
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fundamental components (concepts and links) and to synthesize these components intg
interconnected subsystems constituting a coherent whole.

The goal of a research project carried out in our department for the past five years was
the development and evaluation of a systemic assessment framework based on SAQs for the hig
school organic chemistry. The project has been carried out in two phases. Initially, the focus was
on the potential of the SAQ scheme as well as its characteristics required to achieve in capturing
aspects of students’ meaningful understanding [12]. Based on the results of this study, the SAQ
scheme was then further developed and evaluated in various organic chemistry topics. Al
systemic assessment approach was also adopted by focusing on systems thinking assessms

[13]. The methods used and the results of the project are outlined herein.

THE RESEARCH PROJECT

The First Research Phase

In this study, we preliminarily investigated if specific SAQs’ forms are potentially valid
and reliable tools for assessing 11th grade high school students’ meaningful understanding o

organic reactions.

Methodology

We evaluated only the type of SAQs requiring the completion of semi-completed and
structured systemic diagrams (“fill-in-the blanks” SAQs) with missing components not provided
[12]. This type of SAQs has a constrained task format and we selected it considering that it is
more consistent with the conventional objective questions often used for assessment in high

school, and thus more familiar to the students. We had to detettimirvbaracteristics of SAQs
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under study. Firstly, we had to select the number of concepts in SAQs’ systemic diagrams. Therg
is no logical constraint on the number of concepts in these diagrams. Thus, we decided tg
comparatively evaluate two SAQs including systemic diagrams with quite a different number of
concepts: the first SAQ consisting of six concepts, and the second SAQ consisting of eleven|
concepts. For this purpose, and given that data collection would be subsumed under the formg
Greek high school two-semester assessment, we were oriented towards the construction of twg
tests (Al and B1) each containing one of the two compared SAQs, along with some conventiona
items. These items, requiring just recall of knowledge, would allow us to collect evidence for the
“meaningful-rote” character of SAQs under study.

Secondly, we had to select the amount of what would be provided to and what would be
required from the examinees. Once again, we selected different amounts of provided features anfl
requirements for each of the two SAQs, with the second SAQ being more demanding for the
examinees. Moreover, the second SAQ was constructed to be more “less-directed” compareq
with the first one. Our next concern was to estalaistear scoring methddr SAQs’ items. In a
SAQ’s systemic diagram, the various components of the diagram are all interrelated, directly or

indirectly, constructing a meaningful whole, i.e. an interconnected conceptual system, with a

174

non-hierarchical structure. We consider that each of these components equally contributes to the¢
creation of this conceptual whole. Therefore, we suggested a 1 point score for each valid
component filled-in. The SAQ, as well as one of the conventional questions (CQs), from each of

the two tests, A1 and B1, are presented in Figures 1 and 2, respectively.
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1) In the following diagram:

a. Fill-in the blank squares with the chemical formulas of the proper compounds.
b. Fill-in the blanks on the arrows with the names/types of the reactions.
c. Two more chemical reactions can be filled-in between compounds in the diagram. Draw the

Arrow s
corresponding to these two reactions and complete on the arrows the names/types of the reg

ctions.

| CICH ,CH ,ClI |

bromine
addition

CH,=CH, HC=CH

(one stage)

catalytic
hydrogenation

acrylonitrile

2) Fill-in the blanks in the following propositions:

a.By the addition of water in acetylene in the presence ¢88,/HgSQ,, the final stable product ig

. is the product from the trimerism of acetylene.

Figure 1: Two questions (SAQ and CQ) included in the test Al.
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1) In the following diagram:

a. Define the direction of the undirected linking lines (4 lines).

b. Fill-in the 5 blank squares with the chemical formulas of the proper compounds.

c.Fill-in the 5 blanks on the arrows with the reagents/conditions of the reactions.

d. Fill-in two more chemical reactions between compounds in the diagram (draw the two arrows
corresponding to these reactions and complete on the arrows the names/types of the reactions).

CHGCHCH Na
OH

oxidation

CH3CH,COOCH,CH,CH3

dehydration

CH3CH,CH,OH

CH3CH,COOH

Fehling
reagent

oxidation

2) Choose the right answer for each of the following propositions:

a. It shows acid character:
i. ethanal

ii. 1-propanol iii. butanone iv. propanone
b. It can be detected with addition of a carbonate salt:
i. 2-butanol ii. butanal

iii. butanoic acid iv. ethanol

Figure 2: Two questions (SAQ and CQ) included in the test B1.

Although conventional questions were purposefully constructed to be closer to the “rote”
edge of the learning continuum, we were also interested in observing the influence of some othe
variables on their “meaningful-rote” character. One of these variables was the “sequential’ form

of organic reactions. Our experience in teaching high school organic chemistry, as well as
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literature report [14] suggest that students are often incapable of relating individual reactions in

sequential reaction schemes. Therefore, we included in the tests some conventional question

)

having a “sequential reaction” format. Furthermore, some of the employed conventional
guestions included organic compounds which were not exactly the same with those presented if
the textbook. This variable is related with transfer of knowledge and was expected to enhance
more or less, the questions’ “meaningful” character.

Seventy-two 11th grade students from a public suburban high school in the Athens area
participated in this study. The study was conducted over a five months period and in two stages
In the first stage, the chemistry of hydrocarbons was taught. One chemistry teacher carried ou
the course using the traditional approach (lectures including presentations and discussions) in 1§
teaching hours. Students were provided with worksheets including various types of conventional
objective questions as well as some linear questions. The latter had a similar format with SAQs,
but different diagrams’ forms including concepts in a linear arrangement. These linear questions|
were used in order the students to become familiar with the symbolic representation of organic
reactions used in SAQs. Afterwards, students were provided with worksheets including some

authentic SAQs. At the end of this stage the test A1 was administered. In the second stage, th

19

chemistry of alcohols and carboxylic acids were taught. The course was carried out in 12
teaching hours by the same chemistry teacher, using two series of systemic diagrams
corresponding to the two topics under study. Based on the preliminary diagram from each series
the students, guided and supported by their teacher, using a step-by-step approach constructgd
the final full diagram for each topic. In addition, students were provided with worksheets

including various SAQs’ formats and some conventional questions. The last step of this stage]

was the administration of the test B1.
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Results from the first research phase and discussion

The evidence of items’ validity was calculated with “item-total score” correlations using
the Pearson’s correlation coefficient (r) and the results indicated that all items contribute to the
validity of the tests. The reliability for each test was calculated by Cronbach’s alpha, which was
found 0.76 for the first test and 0.83 for the second test, showing that the scales have ar
acceptable reliability.

The hypothesis of the two dimensions (“meaningful” - “rote”) was tested using

exploratory factor analysis. For both tests (A1 and B1) the appropriateness of the factor modell

was indicated by the Bartlett’'s test of sphericity and the Kaiser-Meyer-Olkin measure of
sampling adequacy. Principal component analysis using Kaiser’s criterion [15] and scree-plot
resulted in two common factors, which were subjected to a varimax rotation. A minimum factor-
loading criterion of 0.40 was adopted for the final interpretation of the results [16]. Taking under
consideration the items’ content and requirements, the more reasonable explanation is that th
one principal factor is the “rote” factor, while the other is the “meaningful” one. For the test Al,
the fact that two of the three items of the SAQ-A1 (1a and 1b, Figure 1) were strongly loaded on
the “rote” factor indicates that the characteristics of this SAQ are not suitable for assessing
meaningful learning. For the test B1, all the items of the SAQ-B1 (Figure 2) were strongly to
moderately loaded on the “meaningful” factor. This result indicates that the characteristics of the
SAQ-B1 are more suitable for assessing meaningful learning compared to the SAQ-AL. A logic
conclusion is that, the more “less-directed” SAQ including a more complex systemic diagram
and with higher demands from the examinees, was found to be more appropriate for capturing

students’ meaningful understanding of organic reactions. Regarding CQs in both tests, most of
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them were strongly loaded on “rote” factor as was expected. However, the items having a
“sequential reaction” format or requiring a degree of knowledge transfer showed a relatively
increased “meaningful” character.

This investigation indicated that SAQs under study have acceptable psychometric
properties and are suitable to be used as assessment tools in high school. Exploratory factd
analysis revealed that the characteristics of SAQs seem to play a significant role as for thein
effectiveness for assessing meaningful learning. Between the two compared “fill-in-the blanks”
SAQs, the more “less-directed” and demanding which incorporates a more complex systemic
diagram was found to be more suitable for this purpose. Concerning the conventional questions
constructed to assess simple recall of knowledge, their “sequential reactions” format as well asg
the incorporation of “not included in the textbook” compounds seem to enhance their

“meaningful” character.

The Second Research Phase

In this phase, the SAQ scheme was investigated as a strategy for capturing students
systems thinking skills in organic chemistry. Various types of objective questions were also
developed and evaluated for assessing meaningful understanding. Moreover, the relationshij

between students’ responses on the applied assessment schemes was explored.

Methodology

Two achievement tests, the test A2 and the test B2, were designed for the purposes of the

current study. The test A2 assessed students’ knowledge about basic organic chemistry topics

such as the classification of organic compounds, the IUPAC nomenclature for aliphatic
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compounds, and the constitutional isomerism of organic compounds. The test B2 assesse§l
students’ knowledge about aliphatic hydrocarbons, with an emphasis on their chemistry. Both
tests were constituted by two assessment schemes: the objective items and the SAQ items. THe
tests were subsumed under the formal high school summative assessment.

To develop a coherent systems thinking assessment tool, we used the assessment triangje
framework articulated in Pellegrino, et al [17]. According to this framework, there are three key
elements underlying any assessment: a model of stadgnitionand learning, a set of beliefs
about the kinds obbservationghat will provide the evidence of students’ competencies, and an
interpretationprocess for making sense of the evidence. Trying to articulate the systems thinking
construct, we focused on Cabrera’s et al [10] approach. Systems-thinking seems to be inherentl
related with the ability to analyze a system to its fundamental components/subsystems and td
synthesize these components into a meaningful whole, namely, to organize a system of interes{.
According to the DSRP model, these tasks are accomplished by repeatedly making distinctiong
between systems’ components, taking multiple perspectives within the system, and identifying
the relationships between the parts of the system.

On this basis, we conceptualize the systems thinking construct as a three-step cognitive
procedure, characterized by the repeated, step-by-step, implementation of the DSRP processing
rules [13]. In a first step, some individual and conceptually unrelated concepts and/or links are
identified within the defined conceptual system. In a second step, two or more components arg
recognized which are connected with a particular relationship, formulating a larger conceptual
subsystem that is a part of the whole system. In a final step, all the interconnected larger|

parts/subsystems constituting a meaningful whole are recognized.
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Fill-in-the blank SAQ items were designed to tap high school students’ systems thinking
and were included in both tests. SAQs’ characteristics were selected based on the results of the
first research phase. Both SAQs had a similar format and characteristics. However, the content of
the test-B2 SAQ concerns chemical equations, namely, a specific symbolic representation off
organic reactions. In contrast, the content of the test-A2 SAQ is more linguistic requiring less
representational competence from students. This difference between SAQs could reveal somg

preliminary evidence regarding the potential of a more general and extensive use of the propose

—

systems thinking assessment framework, regardless of the topic or the subject matter to bg

assessed. The two SAQs developed in the second research phase are presented in Figures 3 &

G

To successfully complete the SAQ diagrams, a three-step identification procedure should
be carried out. By implementing analysis and synthesis procedures, students should first identify
the engaged concepts and links, i.e., the fundamental components of the conceptual system q@f
interest. If some of these components are connected with a particular relationship (interrelated)
then the corresponding conceptual subsystem, which is part of the whole system, will have beer
identified. The most desirable outcome will be the recognition of all the interconnected
subsystems, namely, the identification of the whole system under study. In each of these
identification steps, students should repeatedly implement all the DSRP rules. The items were
pilot tested with a small group of students for overall clarity, accessibilityc@ngatibility with

the teaching content.
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In the following diagram(a) Fill in the blanks in eight squargd) Fill in the six blanks on the
arrows with the proper words or phras@y,Define the direction of théve undirected linking
lines, (d) Fill in two more relationships (draw two arrows corresponding to those relationghips
and label the arrows with the proper words or phrases).

------------------------- The compound iIS@ ..ccovireineneene. COMpound
/’\ CH3C|::CH$|ZCH3 because its
4 - methyl - CH; O molecules contain a
B I 2 double bond
N
PR

this compound
belongs to the if this bond
chemical class was single
CgH... O the compoun

would be

which

is called thisis a
) and it would have the
......................... isomér
ofthecompound | N\ i
4-methyl- with structural formul formula
pent-an-al

they have a

“group with
the formula

and it would have the,
structural formula

they have th

| | formula .......... and it would

L belong to the
C 9 C homologous serie
% ’

this group is also included
in the compounds of
the homologous series

Figure 3:The SAQ included in the test A2.

Based on the above mentioned conceptualization, we consider the systems thinking
construct as a cognitive procedure that progressively distinguishes three identification steps
which include five levels of skills in total, from the “no-connection” level (scored as 1) to system
level (scored as 5). The levels “partial connection” (scored as 2), “full connection” level (scored
as 3), and “complex connection” (scored as 4) depict the identification of unrelated concepts and
links, of one subsystem, and of two or more subsystems respectively [12]. A more practical “one

point for each correct component filled-in” scoring scheme, which is more accessible to a teache
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in the context of a classroom assessment, was also used for SAQs. The correlation between tHe
two scoring schemes was examined.

Regarding the objective item scheme, the items should provide opportunities for students
to link chemistry information and to translate and construct chemical representations.
Advantages of different type items (fill-in-the blank, multiple choice, true-false, and matching
guestions) are utilized. All the fill-in-the blank questions were scored 1 point for each correct
component filled-in. The multiple-choice, the true-false, and the matching questions, were also
scored 1 point for each correct response. When a justification was required, the response wap
taken as correct only if the corresponding explanation was also correct. Two simple recall
(questions 1 and 2) as well as a tiered objective question (question 3) used in this study, ar¢

presented in Figure 5.
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In the following diagramia) Fill in the six blank squares with the chemical formulas of the

proper compoundghb) Fill in the six blanks on the arrows with the reagents and conditigns of
the reactions(c) Define the direction of thsix undirected linking lines(d) Fill in two more
chemical reactions (draw the two arrows corresponding to those reactions and label the arrows

with the reagents and conditions of the reactions).

CO, + H,0

--------------- polymerization

CH4CH=0

HCI

Hz
catalyst

CH3CH,0H

HCI

Cl,/ CCl,

Figure 4:The SAQ included in the test B2.

Ninety-one (46 males, 45 females) 11th grade students from a public urban high school in
Athens area participated in this study, which was conducted over a 3-month period. In the first
stage, some basic organic chemistry topics were taught regarding organic compounds, i.e., th
various classification schemes, the IUPAC nomenclature, and the constitutional isomerism. The

applied procedure followed the same steps as the one described in the first research phase.

v
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Results from the second research phase and discussion

Five systems thinking levels were revealed from students’ responses on A2 and B2
SAQs. The distribution of students’ responses indicates that most of the students (29 on SAQ-AZ
and 35 on SAQ-B2) demonstrated a “complex connection” level, namely they were able to
identify two or more, but not all possible, parts/subsystems of a whole/system. A large number of
students (26 on SAQ-A2 and 22 on SAQ-B2) possessed a “system” level, which enabled them td
recognize all relevant concepts and possible links that constitute a meaningful conceptual whole
In the SAQ-A2 system, 9 students were classified in the “no connection” level, 14 students were
classified in the “partial connection” level, and 13 students were classified in the “full
connection” level. In the SAQ-B2 system, 6 students’ responses demonstrated no scientific
meaning, 14 students were classified in the “no connection” level, 8 students were classified in

the “partial connection” level, and 6 students were classified in the “full connection” level.

1. Fill in the blanks in the following propositions:
(a) The organic compounds in which carbon atoms are connected only with single bonds are qalled
............... Such a compound is one that has the structural formula ...................

(b) The constitutional isomerism is divided into........................... ISOMErSM, ..oiviieiiiiieeieeenen
isomerism, and ..........ooeiiiii i isomerism.

2. Choose the right answer for each of the propositions (a) and (b) :

(a) By hydrogen addition in acetylene is formed :

i) ethane ii) ethine i) ethanol iv) ethanal
(b) Which of the following is a reaction by which alkenes are formed?

i) polymerization i) photochemical halogenation

iii) alcohol dehydration iv) hydrogen addition to alkanes

3. For two hydrocarbons, X and Y, the following information is known:
» They both decolorize a solution of bromine in tetrachloromethane.
» Hydrocarbon X reacts with sodium.
» By hydrogen addition to hydrocarbons X and Y the same compound is formed.
Accordingly, which one of the following propositions is correct?
Explain why the other three propositions are false.
() HydrocarbonX is ethene and hydrocarbon Y is ethine.
(ii) HydrocarbonX is propine and hydrocarbon Y is ethene.
(iif) HydrocarbonX is propane and hydrocarbon Y is propene.
(iv) HydrocarborX is ethine and hydrocarbon Y is ethene.

Figure 5:Three objective questions used in the second research phase.
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The Pearson’s correlation coefficient) (was calculated to determine extent of the
association between the two scoring methods used for SAQs. A very strong positive correlation|
was found between the scales=(.93 for the SAQ-A2 and .94 for the SAQ-B2, respectively). It
is obvious that, independently from the SAQ content, both scoring schemes led to almost
identical results. Consequently, the more practical numeric scoring scale was used for further
statistical analyses. Items’ construct validity was tested using exploratory factor analysis. For
both tests (A2 and B2), the values obtained from the Bartlett’s test of sphericity and the Kaiser-
Meyer-Olkin measure of sampling adequacy indicated the appropriateness of the factor models
Principal component analysis and scree- plot resulted in two common factors which were
subjected to a varimax rotation. An item analysis was also conducted for a better interpretation off
the results. For the objective items, an analysis of their meaningful understanding components
based on their content and task requirements was also conducted. The item analysis showed
acceptable difficulty and discrimination index. The “item-total score” correlations were also
calculated using the Pearson’s correlation coefficient The results indicated that all items
contribute to the validity of the tests. Moreover, the reliability of internal consistency was
calculated for each test. The Cronbactvas found to be 0.87 for the test-A2 and 0.84 for the
test-B2.

Taking under consideration the items’ content and requirements, the more reasonable
interpretation of the factor analyses results for both tests is that, the first factor is the
“meaningful” one while the second is the “rote”. In the test-A2, the objective items requiring just
recall of chemical information were strongly loaded on the “rote” factor, as expected. The
remaining objective items were strongly loaded on the “meaningful” factor. These items required

not just the recall, but also the activation of some cognitive skills that are necessary for
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successfully applying knowledge in specific situations, capturing in this way aspects of students’
meaningful understanding. For correctly answering these items students should have develoy
sufficient representational skills and they should be able to apply their conceptual knowledge on
specific examples. Regarding SAQ items, three out of four items of the SAQ-A2 (items a, b, and
d, see Figure 3) were strongly loaded on the “meaningful” factor. The item c, which asked from
students to define the direction of the undirected linking lines in the diagram, was almost equally
loaded on both factors.

In the test-B2, the multiple-choice and the true-false items, which were designed to assess
recall of knowledge, were loaded on the “rote” factor, confirming our assumptions. The
remaining questions required cognitive skills beyond simple recall, such as to draw chemical
information from symbolic chemical representations and to link chemical information in order to
make judgments, identify relationships, or draw conclusions. Three of the SAQ items (a, b, and
d, see Figure 4), and the two-tiered objective questions (see, for example, question 3 in Figure 5
requiring a brief explanation, were all strongly loaded on the “meaningful” factor. Although the
SAQ items were also moderately loaded on the “rote” factor, their loadings on the “meaningful”
factor were clearly stronger.

Finally, the Pearson’s correlation coefficienty Were calculated for the two variables,
the total SAQ and objective “meaningful” items scores in both achievement tests, and strong
positive correlations were observed (.68<77).

Overall, a variety of tests supported the validity and reliability for the two proposed
assessment schemes. The difficulty and discrimination indexes, the “item-total score”
correlations, and the calculated Cronbachalues, indicated that the two applied assessment

schemes have acceptable psychometric properties and are suitable to be used as assessment tgols
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in high school. All the factor analyses results related to the objective items under study indicate
that properly designed objective questions are valid and reliable tools for assessing students
meaningful understanding of organic chemistry concepts. The results suggest that the tiered
objective questions as well as other types of objective questions requiring from students the
application of conceptual knowledge on specific examples for interrelating organic chemistry
concepts, explaining an answer, or translating and constructing symbolic chemical
representations, were found potentially effective tools for eliciting aspects of students’

meaningful understanding in organic chemistry. This fact shows that a properly design objective
assessment scheme can be a valuable tool for both classroom assessment and research purpgses
as well [18].

Regarding SAQs, it is noticeable that, although the content of the two SAQs was different
and more representational competence is required in SAQ-B2 that involves exclusively symbolic
representations of organic reactions, similar results were obtained for the two SAQs (A2 and B2)
in factor analyses. This is preliminary evidence regarding the potential of the proposed systemg
thinking assessment framework for a more general and extensive use. A challenge for future
research would be the evaluation of SAQ items having an exclusively linguistic format, i.e., not
incorporating symbolic representations, and assessing other chemistry topics as well, as fo
example a general or inorganic chemistry topic.

The results from the factor analysis procedures showed that the SAQ items, designed td
assess students’ systems thinking skills, were mostly loaded on the same factor with the
objective items that were constructed to capture aspects of students’ meaningful understanding if
the organic chemistry domain. Moreover, strong correlations were observed between the tota

SAQ and objective “meaningful” items scores. This significant association indicates that the
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systems thinking level developed within a science domain is strongly related with a deeper
understanding of relevant science concepts. This association certainly worth further
investigation, as it may indicate new aspects concerning students’ understanding of chemistry in
relation to systems thinking.

Finally, although students’ responses on the two assessment schemes were found to b
significantly interrelated, each scheme was developed based on a different approach ang
therefore it can provide different information regarding students’ cognitive structure. A
combination of the two assessment schemes gives a potential of a more multifarious evaluation
of students’ conceptual understanding and knowledge integration. Such a multidimensional
assessment, in combination with the appropriate learning environment, should provide more

opportunities for students to develop meaningful understanding in a scientific domain.

CONCLUSIONS

The results of a research project carried out regarding the development and evaluation of
a systemic assessment framework based on SAQs, showed that the psychometric properties
this assessment scheme are acceptable. It was found that SAQs’ specific characteristics, i.e., tas
format, diagrams’ complexity, and cognitive demands, play a significant role for this scheme in
order to efficiently assess students’ meaningful understanding in organic chemistry. The SAQ
scheme was also found to be a valuable strategy for capturing students’ systems thinking skills ir

an organic chemistry context. A significant association was observed between students’

performance on SAQs and on objective items designed for assessing meaningful understanding.

This association reveals that the students’ systems thinking level developed in organic chemistry

is strongly related with a deeper understanding of the relevant science concepts. It is underlineg
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that students’ understanding of chemistry in relation to systems thinking certainly worth further

investigation.

REFERENCES

1. Fahmy, A.F.M., & Lagowski, J.J.Pure and Applied Chemistryl999, 71, 859-863.
http://media.iupac.org/publications/pac/1999/pdf&53@B59.pdf(accessed Oct 2009).

2. Fahmy, A.F.M., & Lagowski, J.J.Chemical Education International2002, 3, 1.

http://old.iupac.org/publications/cei/vol3/0301x0drtin| (accessed Oct 2009).

Fahmy, A.F.M., & Lagowski, J.JJpurnal of Chemical Educatior003, 80, 1078-1083.

Lagowski, J.JJournal of Chemical Educatio2005, 82, 211.

Lagowski, J.J., SATL, Learning Theory, and the Physiology of Learning. Paper presented at

the 20" International Conference on Chemical Educafidwgust 3-8, 2008Mauritius.

http:/Mww.satlcentral.core-conferences.htm (accessed Oct 2009).

6. Fahmy, A.F.M., & Lagowski, J.J., Using Satl Techniques to Assess Student Achievement. In
Proceedings, 18 International Conference on Chemical Education, August 3-8, 2004,
Istanbul, Turkey, S14.1

7. Fahmy, A.F.M., & Lagowski, J.J.Chemical Education International2007/08, 8, 1.
http://old.iupac.org/publications/cei/vol8/0801xFahpdf (accessed Oct 2009).

8. Nieswandt, M., & Bellomo, K.Journal of Research in Science Teachi2@09, 46, 333-356.

9. Schwaninger, M.Systems Research and Behavioral Scie2@@6, 23, 583-594.

10.Cabrera, D., Colosi, L., & Lobdell, valuation and Program Plannin@008, 31, 299-310.

11.Cabrera, D., & Colosi, LEvaluation and Program Plannin@008, 31, 311-317.

12.Vachliotis, T., Salta, K., Vasiliou, P., & Tzougraki, Qqurnal of Chemical Education
2011, 88(3), 337-345.

13.Vachliotis, T., Salta, K., & Tzougraki, CResearch in Science EducatjoR013, doi:
10.1007/s11165-013-9382-x.

14.Sket, B.; Glazar, S.A.Acta Chimica Slovenika2005, 52, 471-477http://acta.chem-
soc.si/52/52-4-471 .pdfaccessed Oct 2009).

15.Field, A. (2000)Discovering statistics using SPSS for Winddvaesndon: SAGE Publication.

16.Stevens, J.P. (2002Applied Multivariate Statistics for the Social Sciences (4th ed.).
Mahwah, NJ: Erlbaum.

17.Pellegrino, J.W., Chudowsky, N.J., & Glaser, R. (Eds.). (20Rhpwing what students
know: The science and design of educational assessment. Washington, DC: National
Academy of Sciences.

18.Smith, K.C., Nakhleh, M.B., and Bretz, S.IChemistry Education Research and Practice
2010, 11, 147-153.

o ks w

ACKNOWLEDGMENTS

This research has been co-financed by the European Union (European Social Fund
ESF) and Greek national funds through the Operational Program "Education and Lifelong
Learning" of the National Strategic Reference Framework (NSRF) - Research Funding Program:
Thales. Investing in knowledge society through the European Social Fund.

121




