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Abstract

Summative assessment plays an essential role in the chemistry education. This paper presents an analysis of
Finnish chemistry matriculation examination questions according to test item format, and some examples of the
analysis and examination questions. The research data consisted of 257 chemistry questions from 28
matriculation examinations between 1996 and 2009. Qualitative approach and theory-driven content analysis
method were employed in the research. This research was guided by the following question: What kinds of test
item formats are used in chemistry matriculation examinations? The research indicates that summative
assessment was used diversely in chemistry matriculation examinations. The tests included various test item
formats, and their combinations. The majority of the test questions were constructed-response items that were
either verbal, quantitative, or laboratory-related items, symbol items, or combinations of the aforementioned.
The studied chemistry matriculation examinations seldom included selected-response items that can be either
multiple-choice, binary-choice, or matching items. The classification framework developed in the research can
be applied in chemistry and science education, and also in educational research.

Keywords: Chemistry matriculation examination questions, Classification, Constructed-response items,
Selected-response items, Test item formats

Introduction

Assessment lies at the heart of the chemistry education. Teachers teach and students
study towards success on tests (Tamir, 2003). Thus, assessment points to what is considered
relevant and ignores what is perceived to be unimportant (Doran, Lawrenz & Helgeson,
1994). Assessment in chemistry education can be divided into three main types: diagnostic,
formative and summative assessment (Black, 2004; Doran et al., 1994; Harlen, 2004). Student
assessment is often based on summative assessment that is both predictive and comparable,
and also gives an overview of students’ previous learning obtained during an instructional
unit (Black, 2004).

In general, summative assessment is implemented at the end of an instructional unit to
measure and document student achievement in proportion to other students’ performance, or
some predetermined instructional standards (Doran et al., 1994; McMillan, 2008). Various
tests and examinations are typical summative assessment tools (McMillan, 2008).

Summative test consists of test items that represent different item formats (Haladyna,
2004). All item formats have their advantages and limitations (Uusikyld & Atjonen, 2005).
They also have a didactic function because they reflect what is considered important (Salmio,
2004). For example, the test item formats used in matriculation examinations have an impact
on Finnish high-school education (Lindblom-Ylanne, 2003).
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Test items can be classified in different ways (Welch, 2006). They are often divided into
objective and subjective test items according to the grading system (Rodriquez, 2002).
Another commonly used classification method is based on the answering system of the test
items. It’s partly parallel with the aforementioned classification (Rodriquez, 2002), and the
test items are divided into two main categories: selected-response items and constructed-
response items (Hancock, 2007; Hogan & Murphy, 2007; McTighe & Ferrara, 1998;
Osterlind, 1998; Popham, 2003; Rodriquez, 2002). The terms supply item, free-response item,
or open-response item may also be used when referred to constructed-response items
(Rodriquez, 2002).

McTighe and Ferrara (1998) divided test items into two main categories: selected-
response items (multiple-choice, true-false, matching, and enhanced multiple-choice items)
and constructed-response items (brief constructed-response items, performance-based
assessment). Martinez (1999) divided test items into multiple-choice items and constructed-

response items (discrete and extended-performance constructed-response items).

Table 1. A summary of selected-response and constructed-response items*

SELECTED-RESPONSE ITEMS

CONSTRUCTED-RESPONSE ITEMS

Definition:

Selected-response items require students to select

the answer from the given options.

Advantages:

+ excellently applicable for measuring the
learning of broad areas of knowledge

+ grading process is objective and fast

+ answering process is fast

+ excellent coverage of the learning area

+ applicable for measuring broad learning at
several different cognitive levels

Limitations:

— not applicable for measuring students’ concrete
skills and products

— difficult to measure creativity and critical
thinking

— possibility of guessing

— usually differ significantly from real-life
problems

— creating of high-quality selected-response items
is challenging

Sub categories:
= Multiple-choice items
= Binary-choice items
= Matching items

Definition:

Constructed-response items require students to construct

the response by themselves.

Advantages:

+ excellently applicable for assessing students’ concrete
skills and products

+ may give better information on students’
understanding and learning compared to selected-
response items

+ applicable for assessing individuality, creativity and
originality

+ possibility of guessing is minimal

+ creating constructed-response items is usually easy

+ may resemble real-life problems

Limitations:

— grading process is usually subjective, arduous,
challenging and expensive, and it always requires
developing of a consistent grading model

— answering process is usually time-consuming

— covering broad areas of learning effectively is
challenging

Sub categories:
= Short-answer items
= Performance assessments

*e.g: Downing, 2002, 2003, 2006; Hogan & Murphy, 2007; Holt & Kysilka, 2005; Leuenberger, 2001; McTighe & Ferrara,
1998; Pelton & Pelton, 2006; Plake, 2005; Popham, 2003; Quellmalz & Hoskyn, 1997; Scheerens et al., 2003; Stiggins &

Erter, 2004.
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Hogan and Murphy (2007) divided test items into selected-response items (multiple-
choice, true-false, and matching items) and constructed-response items (performance
assessments, portfolios). A summary of selected-response and constructed-response items is
shown in Table 1.

Selected-response items are widely used in chemistry assessment. They include a stem
(e.g. question, problem) and a series of response alternatives (Hogan & Murphy, 2007;
McTighe & Ferrara, 1998). The items require students to select the answer from the given
alternatives (Downing, 2006; Kraska, 2008; Hogan & Murphy, 2007; McTighe & Ferrara,
1998; Osterlind, 1998).

Selected-response items can be used effectively to get broad information on students’
chemistry learning (Downing, 2006; McTighe & Ferrara, 1998). They are fast to answer, so
it’s possible to include several items in each test. Therefore, it’s possible to cover a broad area
of learning, such as high school chemistry contents, comprehensively. (McTighe & Ferrara,
1998; Stiggins & Erter, 2004)

The grading process of selected-response items is fast and objective and the items are
generally machine-scorable (Downing, 2006). This is a significant advantage, especially in
large-scale assessments such as matriculation examinations.

Selected-response items are particularly useful in measuring the learning of broad areas
of knowledge at a wide range of cognitive levels (Downing, 2006). They provide broad
information on students’ learning of factual knowledge (Holt & Kysilka, 2005; Stiggins &
Erter, 2004; Quellmalz & Hoskyn, 1997), concepts and principles, and application of basic
skills (McTighe & Ferrara, 1998). Selected-response items can also be used in assessing
students’ higher-order cognitive skills.

Selected-response items have limitations. They’re not applicable for assessing concrete
skills or products (Downing, 2006; Stiggins & Erter, 2004). It’s also very challenging to
measure students’ critical thinking and creativity with them. Selected-response items require
students to identify the correct answer from the given alternatives, so they differ significantly
from the real- life problems that usually have several correct answers. Therefore, their
excessive use can lead to a distortion of students’ understanding of the nature of knowledge
and learning. (McTighe & Ferrara, 1998) There’s always a possibility of guessing related to
using of selected-response items as an assessment tool. However, its impact on the overall
assessment results is usually not significant (Downing, 2003).

The very demanding creating process is one of the biggest challenges pertaining to the
use of selected-response items in assessment (Downing, 2006). Creating of high-quality items
is a time-consuming process that requires good resources and expertise (Downing, 2006;
Pelton & Pelton, 2006).

Multiple-choice items are the best known and most widely used form of selected-
response items (Hogan & Murphy, 2007; McTighe & Ferrara, 1998). They are versatile items,
which are applicable for assessment of complex learning outcomes better than other types of
selected-response items (Miller et al., 2008). A typical multiple-choice item contains a stem
and several response alternatives (Haladyna, 2004; Nitko & Brookhart, 2007; Popham, 2003;
Wakeford, 2003). Students must select the correct or best answer from the given options
(Haladyna, 2004).

Binary-choice items and matching items are commonly used subtypes of selected-
response items (Kraska, 2008; Quellmalz & Hoskyn, 1997), although they may also be
considered as variations of multiple-choice items (Downing, 2006; Hogan & Murphy, 2007).
Binary-choice items (e.g. true-false items) require students to select the correct answer from
two response alternatives (Haladyna, 2004). It’s typically easier to create binary-choice items
than multiple-choice items (Scheerens et al., 2003), and they’re also very time-efficient items
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(Haladyna, 2004; Woolfolk, 2007). However, the possibility of guessing is more significant in
binary-choice items compared to multiple-choice items because there’re only two response
alternatives (Haladyna, 2004; Miller et al., 2008). One of the major limitations pertaining to
binary-choice items is the fact that they often require students to only recognize the wrong
answer instead of knowing the correct answer (Miller et al., 2008).

Matching items typically contain two lists, which contain the premises and possible
answers of the item. The purpose is to match the items of these two lists according to the
criteria described in the stem of the item. (Nitko & Brookhart, 2007) Matching item can be
regarded as an effective series of multiple-choice items (McMahon et al., 2006), in which
each premise forms a separate item (Nitko & Brookhart, 2007). Thus, they are very compact
tasks (Haladyna, 2004; Nitko & Brookhart, 2007).

Matching items are usually easier to create than the regular multiple-choice items
(Haladyna, 2004; Scheerens et al., 2003). On the other hand, it’s required that the assessed
learning area contains adequately homogeneous material that can be used as the basis of the
premises and answers (Miller et al., 2008). One other limitation of the matching items when
comparing with other selected-response items is the possibility to eliminate the response
alternatives during the solution process (Woolfolk, 2007).

Constructed-response items are widely used in the chemistry assessment. They are test
items that require students to construct the response by themselves instead of selecting it from
the given options (Bennett, 1993; Downing, 2002; Hancock, 2007; Hogan & Murphy, 2007;
Osterlind, 1998). The category of constructed-response items is very broad, and it includes a
variety of tasks (Bennett, 1993; Martinez, 1999). The chemistry constructed-response items
may, for example, require students to make calculations, construct graphic presentations or
extended essays, or write and balance chemical equations (Tarendash, 2006).

Constructed-response items have many advantages. They are usually easier to create
than multiple-choice items (Downing, 2002). The impact of the possibility of guessing on the
assessment results is also insignificant (Plake, 2005). Constructing the response is clearly a
more demanding and authentic task for the students than simply recognizing the correct
answer from the given alternatives (Downing, 2002; Popham, 2003). Usually, students need
to use both conceptual and strategic knowledge when formulating the response instead of
simply memorizing the facts (Holt & Kysilka, 2005).

Constructed-response items may possibly give better information on students’
understanding and learning than selected-response items (Leuenberger, 2001). They can also
be used in assessing students’ individuality and originality, and their ability to apply
knowledge and skills (McTighe and Ferrara, 1998). Constructed-response items also have
limitations. The grading process is usually challenging, time-consuming, inefficient, and
expensive (Downing, 2002), and it always requires developing of a consistent and explicit
grading model (Scheerens et al., 2003). Complex constructed-response items may be
particularly arduous to assess (Popham, 2003). On the other hand, it’s difficult to cover broad
areas of knowledge comprehensively with constructed-response items due to the long
response time (Downing, 2002; Scheerens et al., 2003).

Constructed-response items may be classified in different ways (cf. Hogan & Murphy,
2007; Martinez, 1999; McTighe & Ferrara, 1998). Some typical sub categories of the
chemistry constructed-response items are represented in the following. Short-answer items
can be defined as questions that require a limited (max 1 page) written response (Wakeford,
2003). CUSE (1997) define short-answer items as questions, which require a response of one
or two sentences or a short paragraph at most. Short-answer items may also be defined as
questions, which require a response of a word, sentence, number, or a symbol (Miller et al.,
2008; Nitko & Brookhart, 2007).
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Short-answer items may be used to obtain information on the learning of terminology,
facts, symbols, principles, classifications, and methods (Miller et al., 2008; Nitko &
Brookhart, 2007). On the other hand, they can be used to measure students' ability to make
simple interpretations of numerical or graphical data (Miller et al., 2008). Short-answer items
may be science problems, and they may require students to manipulate symbols, or balance
chemical equations (Nitko & Brookhart, 2007).

Short-answer items are usually fairly easy and quick to create and grade (Wakeford,
2003). On the other hand, the questions are quite fast to answer, so several items can be
included in each test. Therefore, a broad learning area can be covered with the items.
(Popham, 2003) The impact of guessing on the assessment results is also quite insignificant
(Miller et al., 2008; Nitko & Brookhart, 2007). Short-answer items have limitations. They are
often ambiguous, which makes it difficult to grade them objectively (Nitko & Brookhart,
2007; Popham, 2003). Creating of the items that measure higher-order cognitive levels is also
challenging (Wakeford, 2003). Therefore, short-answer items are not particularly well suited
for measuring complex learning (Woolfolk, 2007), but they are often used to assess
memorization of factual knowledge (Miller et al., 2008; Popham, 2003).

Short-answer items may, however, give also information on students’ deeper
understanding and problem-solving skills. The questions requiring interpretation of diagrams,
graphs, charts, and images are examples of more demanding short-answer items. (Miller et al.,
2008)

Essay is a well-established summative test item in chemistry assessment. It requires
students to construct an extended written response to a question or problem (Brooks &
Crippen, 2006; Nitko & Brookhart, 2007; Wakeford, 2003).

Essay items have many advantages. They’re fairly easy and fast to create (Wakeford,
2003). Essays are also applicable for assessing students’ higher-order cognitive skills
(Wakeford, 2003), thinking processes, and creativity (Woolfolk, 2007). They may give
information on students’ understanding and ability to apply knowledge in novel situations
(CUSE, 1997).

Essay items have limitations. The grading system is fairly subjective (Heinonen &
Viljanen, 1980; Miller et al., 2008; Woolfolk, 2007), and student’s linguistic talent and
handwriting may have an impact on the assessment (Heinonen & Viljanen, 1980). Essay
items are also very arduous to grade (Woolfolk, 2007). One of the biggest limitations of
essays is their lack of coverage because each test may include only a couple of essay items at
most. Therefore, they are not suitable for measuring an overall learning of broad areas of
learning. (Wakeford, 2003; Miller et al., 2008; Nitko & Brookhart, 2007).

Quantitative problems are widely used in chemistry assessment. Most of the questions
are closed and well-defined routine exercises that typically have only one correct solution and
include all the information needed in the solution process (Reid & Yang, 2002). Generally,
students only need to apply simple and familiar algorithms (Bennett, 2008). However, real
problems that emphasize conceptual understanding and application skills should also be used
in the chemistry assessment (Halakova & Proksa, 2007; Phelps, 1996). The problems should
also be contextually meaningful and related to students’ everyday life (Murphy &
McCormick, 2006).

Laboratory experiments play a key role in chemistry education and assessment (Doran
et al., 1994; Lunetta et al., 2007). The process skills pertaining to laboratory work can be
assessed both with written and practical performance tasks. Written tasks may require
constructing of different kinds of products such as research reports (Ferrer, 2008). They may
also require students to design experimental methods (Huffman, 2002), or construct and
interpret graphic presentations (Temiz et al., 2006). Process skills can also be assessed with
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multiple-choice items. For example, they may include a research question on the basis of
which students must select the most suitable research method. (Huffman, 2002)

Practical performance tasks have several advantages. They may give different kind of
information on students’ chemistry learning than written tests (Doran et al., 1994). On the
other hand, practical tasks may increase students’ interest towards chemistry, improve their
understanding of the nature of chemistry, and support the construction of the conceptual and
procedural knowledge of chemistry (Lunetta et al., 2007).

Practical tasks are particularly suitable for assessing students’ process and problem-
solving skills (Doran et al.,, 1994; Huffman, 2002). Including them in the chemistry
assessment may also increase the use of experimental methods in chemistry education (Tamir,
2003; Temiz et al., 2006). Practical tasks have limitations. They’re often expensive, time-
consuming and difficult to create, and it’s challenging to guarantee the high reliability and
validity of the assessment. (Doran et al., 1994; Tamir, 2003)

The matriculation examination is the dominant summative assessment tool in Finnish
high schools. It consists of at least four tests in different subjects. Chemistry test is one of the
optional tests. The matriculation examination is a very traditional institution that has a great
impact on both teaching and learning of chemistry in Finnish high schools (Aksela & Juvonen
1999). Therefore, it is very important to find a detailed answer to the following question:
What kinds of test item formats are used in chemistry matriculation examinations?

Methodology

Chemistry matriculation examination questions are classified according to the item
format in this research. The research data consisted of 257 chemistry questions from 28
matriculation examinations between 1996 and 2009. Qualitative approach and theory-driven
content analysis method were employed in the research (Cohen et al., 2007).

There are several phases in the research. In the first phase, chemistry matriculation
examination questions are classified into two main categories: 1) the test items that include
only one item format, and 2) the test items that include several item formats. The test items of
category 1 are then classified into sub items according to the classification framework shown
in Figure 1.

[ Chemistry examination questions]

[ Selected-response items ] [ Constructed-response items ]

( short-answer items | [ Performance items |

\ /

*Theoretical 'Laboratu ry-related *Theoretical *Laboratory-related
short ~answer lterns sl!ort—aﬂswer items performance items performance items

[\

Multiple-choice Binary-choice Matchmg ’S\rmbo! verhal Qua_ntil:atiue
items items items items items items tems

Figure 1. The classification framework of the research.

The classification framework has been constructed on the basis of what is discussed in
the research literature. The analyzed research data has also been taken into account when
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creating the framework. The categories formed on the basis of the research data have been
marked with asterisk (*) (see Figure 1). The definitions of the test items employed in the
research are shown in Table 2.

Table 2. The test item definitions employed in the research.

SELECTED-RESPONSE ITEMS  Multiple-choice items
* Selected-response items require = Multiple-choice items require students to select the answer from at least
students to select the answer three given alternatives.
from the given alternatives. Binary-choice items
* Binary-choice items require student to select the answer from two given
alternatives.
Matching items
» Matching items require students to match premises and possible answers
according to the criteria described in the stem of the item.

CONSTRUCTED-RESPONSE Symbol items

ITEMS » Symbol items are theoretical short-answer items that are not related to
* Constructed-response items laboratory work, and are answered in symbols.

require students to construct the ~ Verbal items

response by themselves. » Verbal items are theoretical short-answer items that are not related to
* They may also require concrete laboratory work, and are answered in words or a few sentences.

performances. Laboratory-related short-answer items

* Laboratory-related short-answer items measure students’ knowledge
and/or skills related to practical laboratory work.

*  They may include theoretical symbol or verbal sub items.

* They require students to plan or describe an experiment or laboratory
method, and/or measure their knowledge of practical laboratory work.
Quantitative items

» Quantitative items are theoretical performance items that are not related to
laboratory work, and require students to make calculations.

Essay items

» Essay items are theoretical performance items that are not related to
laboratory work, and require students to construct an extended written
response to a question or problem.

Laboratory-related performance items

* Laboratory-related performance items measure students’ knowledge
and/or skills related to practical laboratory work.

*  They may include theoretical sub items.

* They require students to plan, describe, explain, or conduct experiments
or laboratory methods, and/or require them to interpret or manipulate
experimental data quantitatively, or construct graphic representations based
on experimental data.

* These items may also measure students’ knowledge of practical
laboratory work.

The chemistry examination questions that include only one item format are classified
into two main categories: selected-response and constructed-response items, which are then
classified into sub items according to the classification framework. Examples of the
classification process are shown in Table 3.
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Table 3. Examples of the classification process of the examination questions that contain only
one item format.

Question 1. (Verbal item)

Explain the following concepts: a) element b) chemical compound, c) molecule, d) zwitter ion,

e) azeotrope, f) rasemic mixture.

Classification process: constructed-response item — short-answer item — theoretical short-answer item —
verbal item

Question 2. (Symbol item)

Construct the structural formula for the following compounds: a) 2-penthanone, b) ethylmethylamine,

c) cyclohexanol, d) 1,3-butadiene, e) 1,4-dihydroxybenzene, f) trans-2,3-dichloro-2-buthen.

Classification process: constructed-response item — short-answer item — theoretical short-answer item —
symbol item

Question 3. (Multiple-choice item)

See below for the periodic table and select from it

a) a semiconductor b) an element that shows allotropy

c) an element, which is an alkaline oxide

d) the first transition element

e) the most powerful oxidant f) the elements whose density is lower than the density of air (NTP).

I 18
,'1 2 13 14 15 16 17 l—fe
g‘? 4 6|7 )| 8| 9|10
L | Be C|N|O| F|Ne
1| 12 13 1516 | 17| 18
".\',. ;MB 3 4 5 6 7 8 9 10 11 12 .M P S cl Ar |
19 {20 |21 | 22 26 | 27 | 28 | 20 | 30 | 31 34 | 35 | 36 |
K |Ca|Sc|Ti Fe | Co | Ni | Cu|2Zn|Ga ] Se | Br | ke
37 | 38 | 39 | 40 44 | 45 | 46 [ 47 | 48 | 49 | 50 52 53 | 54
Rb| S| Y | Zr Ru|Rh | Pd|Ag|Cd|In|Sn| | 1 | Xe

Classification process:

selected-response item — multiple choice item

Question 4. (Essay item)

The isomerism of organic compounds.

Classification process: constructed-response item — performance item — theoretical performance item —
essay item

Question 5. (Laboratory-related performance item)

An aqueous solution contains an unknown amount of hydrochloride. Design an experimental method which
can be used to find out the amount of hydrochloride in solution accurately. Describe the method in detail, its
chemical basis, and the necessary laboratory arrangements.

Classification process: constructed-response item — performance item — laboratory-related performance

item

In the next phase of the research, the chemistry examination questions that include
several item formats are classified into sub items according to the classification framework
(see Figure 1). Examples of the classification process are shown in Table 4.
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Table 4. Examples of the classification process of the examination questions that contain
several item formats.

Question 1 (Matching item + Symbol item)

Listed below are a number of compounds and some chemical concepts. Which of these can be combined with
each other? Construct the structural formula for each compound, and represent all the related concepts by
using the given numbering system.

a) ethyne 1) planar structure

b)1,1- dichloroethene 2) cis-trans-isomerism

c) benzene 3) polar molecule

d) pyridine 4) optical isomerism

e) 2-butanol 5) linear (rod-shaped) structure
f) 2,2-dimethylpropane 6) aromatic hydrocarbon

7) heterocyclic compound
8) tetraedric carbon atom

Explanation: This item is a matching item because it requires students to match compounds and chemical
concepts. It’s also a symbol item because students have to write structural formula.

Question 2 (Quantitative item + Verbal item)
Equilibrium occurs in the saturated aqueous solution of calcium fluoride

CaF,(s) = Ca’* (ag) + 2F (aq); K| =39-107"

(mol /1)®

a) Calculate the fluoride ion concentration of a saturated aqueous solution of calcium fluoride.

b) How does the fluoride ion concentration change when a small amount of solid calcium chloride is added to
the saturated aqueous solution of calcium fluoride? Explain your answer.

¢) How does the solubility of a salt change when a small amount of hydrochloride is added to the saturated
aqueous solution of calcium fluoride? Explain your answer.

Explanation: This item is a quantitative item because it requires students to calculate in the sub item a). It’s
also a verbal item because the sub items b) and c) are answered verbally.

Question 3 (Quantitative item + Symbol item)

An organic compound contains 34,3 mass % of carbon, 6,7 mass % of hydrogen, 13,3 mass % of nitrogen,
and 45,7 mass % of oxygen.

a) Find the empirical formula (ratio formula) for the compound.

b) What is the molecular formula for the compound when its relative molecular mass is 105?

¢) Construct a possible structural formula for the compound when we know it’s a natural amino acid.

Explanation: This item is a quantitative item because it requires students to calculate in the sub items a) and
b). It’s also a symbol item because students have to construct a structural formula in the sub item c).

Peer review was used to guarantee the reliability of the results. 10% of the examination
questions were picked at random and analyzed by a research scientist specialized in the field
of chemistry education. The value of Cohen’s kappa coefficient was calculated based on the
peer review results.

The Cohen’s kappa value for the classification was 0,877. The high kappa value
indicates an excellent inter-rater agreement between the raters, and thus high reliability for the
research.
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Results

The majority (62%) of the chemistry matriculation examination questions included only
one item format in 1996-2009. The rest of the questions (38%) were different kinds of
combination items. Almost all the analyzed questions were either constructed-response items,
or combination items that required at least one constructed-response sub item. The
distribution of the examination questions is shown in Table 5. The percentages are rounded to
the nearest whole percent.

Table 5. Distribution of the chemistry matriculation examination questions (N=257) in 1996—
20009.

Multiple-choice items

1
0,
SELECTED -RESPONSE . (<r11 %)
ITEMS - 2 Binary-c 10|ce items
0,
(1%) (<1 %)
Matching items
0
(0 %)
Theoretical short-answer Symbo(lggzr)ns -15
Short-answer items - 58 ?fén (;) )_ 50 Verbal items - 35
(23 %) (14 %)
CONSTRUCTED - Laboratory-related short-answer items - 8
RESPONSE ITEMS -158 (3 %)
0 — -
(61 %) Theoretical performance Quantlta(ti\éeo/l: )e ms - 38
Performance items - 100 |(t3e1m ;o )78 Essay items 40
(39 %) (16 %)
Laboratory-related performance items - 22
(9 %)
COMBINATION ITEMS - 97
(38 %)

The majority (99%) of the chemistry matriculation examination questions that contained
only one item format were constructed-response items in 1996-2009. There were only two
selected-response items, one multiple-choice item and one binary-choice item, included in the
analyzed questions. Both items pertained to elements and compounds.

Most of the constructed-response items were theoretical performance items. They
required students to construct extended written responses, or solve quantitative chemistry
problems. Most essay items included information or guiding questions to help students
formulate the response. Some essay items also required interpretation of graphic
representations. The quantitative items were typically stoichiometric problems, although
several items pertained to chemical equilibrium.

The chemistry matriculation examination questions contained a significant proportion
(19%) of theoretical short-answer items. They required students to construct short verbal or
symbolic responses. Most verbal items required students to explain or compare chemical
concepts, or give a chemical explanation of different kinds of phenomena. Symbol items
typically required writing of chemical equations, or structural formula of organic compounds.

Laboratory-related constructed-response items were also included in the analyzed
examination questions. Most of them were laboratory-related performance items requiring
students to plan, describe, or explain a chemical method or experiment. Some of the items
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measured students’ knowledge of practical laboratory work, and/or their ability to interpret or
quantitatively manipulate experimental data. Constructing of graphic representations on the
basis of experimental data was also required in some laboratory-related performance items.

Some laboratory-related short-answer items were also found when analyzing the
chemistry matriculation examinations in 1996-2009. They mainly required students to
describe or explain chemical methods or experiments in a few sentences. Students’ knowledge
of laboratory safety was also often measured with these items.

Table 6. Distribution of the chemistry matriculation examination questions that include
several item formats, and the proportions (%) of different item combinations of all the
analyzed items (N=257) in 1996-2009.

COMBINATION PROPORTION

VI + Sl 78 (30 %)
VI +Ql
VI+Ql+SI

VI +Ql +BCI

VI + BCI

VI + MCI + SI

VI + MCI

VI + Ql + MClI

VI + LSAI

VI + Ml

VI + Sl + MCI + BCI
VI+EIl+SI

VI + El

VI + LPI
VI+Ql + Sl +BClI
SI+Ql 19 (7 %)
Sl + Ml

Sl + MCI

Sl + El

SI+BCI + QI

BCI + QI

BCI + LSAI

LPI + MCI

El + LSAI

TOTAL 97 (38 %)

MCI = multiple-choice item; BCI = binary-choice item; MI = matching item; SI = symbol item;
VI = verbal item; LSAI = laboratory-related short-answer item; QI = quantitative item; El = essay item;
LPI = laboratory-related performance item

38% of the chemistry matriculation examination questions contained at least two
different item formats in 1996-2009. In total, 24 different item combinations were found.
Most of the questions included a verbal sub item. Therefore, it’s meaningful to divide the
combination items into two main categories: combination items that contain a verbal sub item
and other combination items. The distribution of the combination items is shown in Table 6.
The item formats are marked with abbreviations that are explained below the table.
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Conclusions and Discussion

The research indicates that summative assessment was used diversely in the chemistry
matriculation examinations in 1996-2009. The tests included various test item formats, and
their combinations. The majority of the examination questions (99%) were either constructed-
response items, or combination items that contained at least one constructed-response sub
item.

The studied chemistry matriculation examinations included only two selected-response
items that were multiple-choice, and binary-choice items. This result can be considered as
very uncommon due to the strong position of selected-response items both in the research
literature (e.g. Hogan & Murphy, 2007; Martinez, 1999; McTighe & Ferrara, 1998), and in
other final high school chemistry examinations such as International Baccalaureate (IB).
Therefore, this research shows that the main test item formats used in the Finnish chemistry
matriculation examinations are not aligned with the test item classifications represented in the
research literature.

The majority (62%) of the chemistry matriculation examination questions included only
one item format. The rest of the questions were different kinds of combination items. This
result shows one distinctive characteristic of the Finnish chemistry matriculation
examinations because combination items are not truly discussed in the research literature.

Most of the test items that contained only one item format were items in which students
were required to construct an extended or short written response. The combination items also
very often included a verbal sub item. A great proportion of quantitative items were also
found in the chemistry matriculation examinations. Verbal and quantitative items are widely
discussed in the research literature (CUSE, 1997; Nitko & Brookhart, 2007; Reid & Yang,
2002; Wakeford, 2003). Therefore, the Finnish chemistry matriculation examinations are well
aligned with the research literature when regarding these specific test item formats.

The research indicates that the experimental nature of chemistry has been taken into
account when creating the chemistry matriculation examinations. The examinations contained
several items, which were often similar to the verbal sections of the practical tasks described
in the research literature (Huffman, 2002). For example, in many items students were required
to plan experiments or manipulate experimental data.

The classification framework developed in the research (see Figure 1) can be considered
as one of its main results. The main categories of the framework have been constructed on the
basis of the research literature (Hogan & Murphy, 2007; Rodriquez, 2002). The sub categories
of the framework such as symbol item and laboratory-related short-answer or performance
item categories have been formed to make the framework applicable for test item analysis in
the context of chemistry and science education. The classification framework can also be
applied in educational research.

A very interesting aspect of future research in this area is a study of alignment between
test item format, and test item’s cognitive complexity. Another considerable research idea is
an analysis of some other chemistry/science examination questions, or chemistry/science
school book/classroom exercises with the classification framework developed in this research.
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