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Abstract Resumen

The purpose of this study was to investigate the effects of pair problem solving technigjueste estudio se investigan los efectos del método de resolucion de problemas en
incorporating Polya’s problem solving strategy on undergraduate students’ performangares, junto con el método de Polya, en quimica universitaria con la participacion

in conceptual and algorithmic questions in chemistry. The subjects of this study werel8®89 estudiantes inscritos en dos cursos de la quimica general. El grupo experimen-
students enrolled from two first year chemistry classes. The experimental group waalaon 44 alumnos recibieron la metodologia propuestay el grupo de control de 45
class of 44 students who received pair problem solving technique incorporating Polyagtudiantes trabajaron solamente con estrategia de Polya. El logro de los estudiantes
problem solving strategy and the control group was a class of 45 students who receieados aspectos conceptual y algoritmico en quimica fue medida después del estudio
only Polya’s problem solving strategy. Students’ achievement of conceptual and algoriteando la prueba conceptual (CCQT) y la prueba algoritmica (ACQT); la prueba de
mic questions in chemistry was measured using as post-tests, Conceptual Chenp&nsamiento I6gico (TOLT) fue usado adicionalmente. El resultado del analisis
Question Test (CCQT) and Algorithmic Chemistry Question Test (ACQT). Test of Lagtadistico (ANCOVA) demostré que los estudiantes del grupo experimental tuvieron
cal Thinking (TOLT) was used as a covariate in this study. The results of Analysiglomejor desempefio en aspectos conceptuales y algoritmicos en quimica. El re-
Covariance (ANCOVA) showed that students in experimental group had significartlyitado de este estudio del desempefio de estudiantes en la solucién de problemas se
better performance on both conceptual and algorithmic questions in chemistry. Tésa discutiendo.

results of this study for students’ problem solving performance are discussed.
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INTRODUCTION mass calculation, writing the formula in the base of the percentage of

Problem solving has always constituted a significant part of the scie%@égems and finding the percentage of elements in the formula and in other
curriculum and has been regarded as a valuable assessment tool by edliggt and inverse numerical problems in chemistry”. They found that this
tors. (WAITE, 1978; WeinsTENN, et al, 1980; L, 1987; Breen, et d.,1994;  approach increased students’ problem solving skills, because this approach
CHen, et al, 2000; Hss and Rrkay, 1993). The term problem solving is Nelp students at three levels: analysing the content of the problem at the
defined by Rzini, et al (1989) as a method of learning as well as aReginning of.th(.e problem _solvmg situation, assisting in final analy3|$ of
outcome of learning, by &&ne (1977), as a thinking process when the'esults, and finding correction of errors. In addition, the teacher uses visual
learner needs to use previous learned concept to solve a novel prob@%gr_lthmlc-schemas as an effective tool to “show students the important
Rep and Yan (2002) stated that inappropriate chemical knowledge pré€ ations between subs.tantlve.lgno’\’/vledge of chemical theories and con-
vents students’ problem solving ability in chemistryorson (1990)  Cepts and problem solving abilities™. _
described student knowledge in terms of declarative and procedural knowlPoLYA (1957) systematized the efficient problem solving process as
edge. Declarative knowledge refers to what person knows about subjdt Stages: i) understanding the problem, ii) devising a plan, iii) carrying
which include facts, concepts and principles, while procedural knowled§et the plan, and iv) looking backinderstanding the probleiis the first
refers to skills and procedures in utilizing factual knowledge in analysidnd the most necessary step for understanding the aim and requirements of
synthesis, and process of problem solutioau@2001) stated that “con- the problem before trying to solve it. Many studies emphasize students
ceptual understanding refers to declarative knowledge while algorithnfifderstanding of the problem as the most crucial step in solving the prob-
problem solving skills refer to procedural knowledge” (p. 21) and problet§M- It is important to establish a classroom environment in which lan-
solving requires declarative and procedural knowledge. guage is being used, shared, and understood by students. “What is given in
There are different approaches in the literature to identify whether sifie problem?”, “What are the data?’, and “what are the conditions?" are
dents are algorithmic or conceptual problem solvers in chemistry. THEEStiONS that students should ask to themselves before devising plan. The
most common one is asking students pairs of algorithmic and conceptp@fond stage idevising a planAfter defining what is required, using all
questions. Svrev (1990), NkHLen and MrcreL (1993), Msow, et al. N ormation and conditions may lead to finding a technique or a method to
(1997), Naz (1995), and Gu (2001) asked students two questions resolve the problem. At this step, students always have to keep in mind what
lated to the same topic. One question requires conceptual understandfi§y Want to find and which units they need to implement the plan. The
while the other requires algorithmic skills. A second approach is problefiifd stage iscarrying out the planAfter a plan is devised, it must be
solving networks in chemistry. Frazer ancsS (1984) and Armorg, et carried out systematically to check for a solution. At this step, students may
al. (1979) asked students to solve one main problem and its related St different strategies for solving the problem. Students should carry out
problems. In this approach, students who cannot solve the main prob@?ﬁh step carefully before moving to the next step. Common questions that

but who can solve all its component of sub-problems are called ::1Igorithr»‘%:hers should ask are as follows: “Is the answer sensible?” “Can you see

problem solver; students who can solve the main problem and its relatggt this step is correct?”, and “Can you prove that this step is correct?".

sub-problems are called conceptual problem solver. A third approach ui‘ last stage #woking back|t is very important to revise and to reflect on
a test which includes M-Demand of different items of content of generé)é Method of how problems are solved and strategies are employed for
chemistry topics. 3aparuss, et al. (1998), Naz (1988), Naz (1987), and subsequent use. After solving the problem, it can be very fruitful that
Niaz (1989) used a test which includes different numbers of steps to soffdents rethink the whole solution process. Teacher might ask the follow-
problems. In this approach, students who can solve one, two or three-df§pguestions to help them reflect on their findings: “Can you check the
problems are called algorithmic problem solvers and students who d&3ult(s)?”, “Can you justfy your argument(s)?”, and “Can you use the
solve four or more-step problems are called conceptual problem solvéRSult or the method to solve some other problems?”. .
JorinsTone (2001) also reported that students who can solve ‘familiar prob- There is no one proper approach that teacher can use for any subject
lem’ are called algorithmic problem solvers and students who can sofpgtter. Different subjects require different kinds of approaches. If teachers
‘unfamiliar problem’ are called conceptual problem solvers. There are 1 aware of different aspects of the subject matter, they can make adjust-
main findings of the above-mentioned research: (1) students find difficill€nts based on given guidelines. Problem solving task has significant
ties for solving conceptual problems in chemistry, and (2) the ability &ff€cts on problem solving performance. It is very important to devise
students for solving algorithmic problems is not the major factor in préPpropriate tasks to relay certain concepts and accomplish effective teach-
dicting their success on solving conceptual problems. According {89- SOme tasks may also be closely monitored to get or to provide feed-
JornsTonE (2001), the most common obstacle to problem solving is tHRACk about students’ actions. The main advantage of this approach is after
lack of conceptual understanding of subjects when students try to soffidble students to think systematically, employ implicit planning and re-
novel problems. Therefore, conceptual understanding is important. StgCct explicitly on their problem solving behaviors. .
ence instruction, chemistry instruction in particular, should motivate sty- Currently, the conceptual understanding of chemistry by students is an
dents to construct a conceptual understanding of scientific phenomdRgortant issue. Brouisir and Heikkinen (1990) indicated that it is impor-
rather than applying algorithms to problems\é& and Bince, 1994). tant to provide students vylth opportunities to verbalize their ideas, and
One of the goals of science education is to develop learers’ ability f}!S, 0 promote students’ conceptual understanding and remediate their
acquire knowledge in specific subjects and to improve their problem sofiiSapplication of concepts. As pointed out by many research studies,
ing skills. Problem solving requires overcoming all impediments in reacRoOPerative learning provides an instructional learning environment in
ing an objective. Many researchers showed that problem solving is one\éﬁT‘Ch students discuss the material, share ideas, listen and consider ideas
the most important goals and desired outcomes of learning chemis l¥lothers, and clarify their thinking through verbal interaction with each
(Pzziv, et al., 1989; Hrron 1996; GeeL and Bince, 1994). Hence, it is  Other (Wess, 1982, Gien, 1994; Warson and MarsHaLL, 1995; LONNING,
essential to help students to understand the pre-requisite knowledge 49@3)- Hence, it is necessary to develop new learning environments incor-
skills for problem solving and avoid applying memorized skills in rot@orating instructional strateglgs to enhance the learning of abstract science
fashion. Traditionally, chemistry instruction focuses on formal, lecturé&Oncepts to develop learners’ problem solving skills. .
oriented teaching and underestimates students’ understanding of undeglyEar problem solving technique is an effective way of helping students
ing concepts. Instructor presents facts and equations to be memori gk about the problem and gives them feedback on what is understood
(Booner, as cited in BLLEr, 1993; SuFT, Goopine and Sver, 1989). This and what is still unclear in their own problem solvingrkbn (1996) and
type of teaching does not enhance the development of higher-order cog¥iMBEY and LlocHHEAD (1986) emprla3|zed its effectiveness. In this tech-
tive skills; instead, it promotes lower-order cognitive skills which can b¥due, Herron (1996) reported that “one student acts as the problem solver

defined as abilities to recall information or simple application of knowihile the other acts as a checker. The problem solver reads the problem
theory to familiar situations by means of algorithmic processes €z, aloud and continues to talk while solving the problem. The checker moni-

1999). Therefore, students get the information without processing it; {fS What is said and may stop the solver and ask for clarification when a
other words, they cannot apply their higher-order cognitive skills. procedure is not clear” (p. 85). . .

Problem solving skills are promoted by providing a rich environment, PATE, et al (2004) and dhnson and Giune (1999) investigated the
which has potential for exploration and encourages students to reflect&fects of thinking aloud pair problem solving performance of under-
their actions (KHss and Rrkay, 1993). Guk and MkHaiLov (2001), one graduate agriculture students in a popular technology course and found
of the studies that emphasized providing a rich environment for studerjfi@t Students who participated in pair problem solving groups were more
investigated effects of visual algorithmic-schemas for solving chemistgficcessful at troubleshooting engine faults than were students in work
problems on 10 grade students’ performance on “the mass-mol and maglone control groups. According tordison and Giung (1999), pair prob-
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lem solving technique increases students’ problem solving sucesss. P taught related concepts throughout the lecture and the whole class discus-
(1993) used thinking aloud problem solving in college chemistry arsions.
found that thinking aloud problem solving class get fewer problems com- Before the treatment, students in experimental and control groups were

pletely right, but also they get fewer problems completely wrong. trained about Polya’s problem solving strategy and a worksheet which
includes detailed descriptions of Polya’s problem solving steps distributed

METHOD to all students. Students in experimental group were also trained how the
pair problem solving technique is incorporated with Polya’s problem solv-

Purpose ing strategy. A worksheet, which explains problem solver and checker

The purpose of this study was to determine effects of pair pr0b|eyrﬁsponsibility during the problem solving, was given to students. Students

solving technique incorporating Polya’s problem solving strategy on ufl experimental group were assigned as pairs and each pair students was

dergraduate students’ performance of conceptual and algorithmic qu[%c_luded one higher score student and one lower score student based on

tions in chemistry. Therefore, this study was designed to investigate égﬂtESthOf.k’gical thinkin% resugs. fh ar dl biecs i
following research questions: (1) Is there a significant difference between/\Ite! the instructor taught each part of the regular classroom subjects in

; - : . : , perimental and control groups, he presented a problem relating to con-
effects of pair problem solving technique incorporating Polya's pmble@pts which are solved based on Polya’s problem solving steps and ex-

pined each step to the whole class. In the control group, after the instructor’s
(planations, each of the students was given two problems on the worksheet
_solve problems individually based on Polya’s problem solving steps. In
e experimental group, after the instructor’s explanations, each pair of
udents was given the same problems as control group on the worksheet,
ut were asked to solve problems incorporating pair problem solving
technique with Polya’s problem solving steps. Students who have low
The Sample scores on test of logical thinking first act as problem solvers, and students

The sample of this study were 89 students (17-19 year olds; mean=18flp have high scores on test of logical thinking first act as checkers.
enrolled from two classes of general chemistry course offered to the fiR§oblem solver reads the problem aloud, follows each of Polya’s problem
year students by the Department of Elementary Education at Abant Izgetving steps, and writes each steps’ requirement on the proper place on
baysal University in Turkey. General chemistry course is a compulsdifje worksheet to solve the problem. Problem checker thinks along with the
course for all students to attend 3 hour lecture per-week in first year sprifjver and does not directly participate in the problem solving, but encour-
semester at the Department of Elementary Education. This course cowges the solver to verbalize his or her thoughts by frequently asking for in-
the nature of the matter, atomic models, chemical bonds, moles, chemié@pth explanations. When pairs completed their works for each question,
reactions, solutions, molarity and gas concepts. One class was randofffy instructor asked some pairs to explain their findings for the whole
assigned to the experimental group (n=44; 19 male and 25 fmale) while @h@sroom. During this period, the instructor helped students having diffi-
other group formed the control group (n=45; 21 male and 24 fmal&ulty in finding relationships between concepts. After each problem is
Students in the experimental group were instructed with pair problesflved, the problem solver and the checker roles are switched.
solving technique incorporating Polya’s problem solving strategy whil ESULTS
students in control group were instructed with Polya’s problem solvi
strategy. All students were taught by the same instructor. During a sevenDescriptive statistics of TOLT, CCQT, and ACQT for experimental and
week period, each group received equal amount of instructional time arhtrol groups were found and given in Table I, II and Ill, respectively.
was provided with the same materials.

dergraduate students’ conceptual questions in chemistry when their L
cal Thinking (TOLT) scores are used as a covariate? (2) Is there a sig
cant difference between effects of pair problem solving technique incor
rating Polya’s problem solving strategy and using only Polya’s proble
solving strategy on students’ algorithmic questions in chemistry wh
their TOLT scores are used as a covariate?

Instrument o o Table | )

In order to address research questions asked in this study, Conceptuaqesc”pt've statistics of TOLT rsgsris for experimental and control
and Algorithmic Questions Tests and Test of Logical Thinking were used. group
Conceptual and Algorithmic Questions Test is divided into two parts each - . -
of which has 6 items. The part which has six conceptual questions is caffgep n X SD Mode Median  Min-Max
as Conceptual Chemistry Question Test (CCQT), and the part which has
six algorithmic questions is called as Algorithmic Chemistry Question TeSG 45 5978 2,641 6,000 6,000 1-10
(ACQT). All of the test items were taken from previous studiesgiheern ~ EG 44 6,000 2,215 6,000 6,000 2-10

and Rekering (1987), NwHLEH and MrcHeLL (1993), Naz (1995), Swrey . , o )
(1990), and Gu (2001). All of the test items were multiple-choice, except It is seen that students’ mean scores of TOLT were similar for experi-
items 6A and 6B. Each of the correct answers were scored 1 point. TR@ntal and control groups. Prior to treatment, an independent t-test was
Cronbach’s alpha reliability coefficient of the test was found to be 0.65 f§Mployed to determine whether a statistically significant mean difference
conceptual questions and 0.75 for algorithmic questions. The test is givefisted between control and experimental groups with respect to TOLT
in Appendix A. scores. No statistically significant mean difference between the two groups
Test of Logical Thinking (TOLT) was developed bpsT and Geie ~ Was found with respect to TOLT scores (t = 0.129, df = 87, p > 0.05),
(1980). It is a two-tier multiple-choice instrument designed to assess cf%-"ca“”g that students in experimental and control groups were similar
nitive development of students. It contains ten items. Students were slip-this variable.
posed to respond correctly to both parts of an item to get a credit from it. An Table I
item was marked as correct only if both the answer and the reason werBescriptive statistics of ACQT scores for experimental and control

correct. The Cronbach’s alpha reliability coefficient of the logical thinking groups
skills test was found to be 0.74.

Treatment Group n X SD Mode Median ~ Min-Max
This study was conducted over a 7-week period. In this study, th i
were two groups of students: one experimental group and one conetE ﬁ i’ggg 11’5106203 2’388 2’888 ;_g
group, instructed by the same instructor. Experimental and control groups ' ' ' ;

were given TOLT as a pre-test at the beginning of the study and CCQT and Table 1l

ACQT as a post-test after instruction. One week before the treatment, the o o )
instructor was trained about Polya’s problem solving strategy, pair prob-Descriptive statistics of CCQT scores for experimental and control

lem solving technique, and the researcher’s prepared materials. It was groups

explained to him that special emphasis was given to assigning students_in _

pairs and incorporating pair problem solving technique into Polya’s proroup n X SD Mode Median  Min-Max
lem solving strategy. While the researcher prepared problem solutions

according to Polya’s problem solving strategy, he benefited mostly froogc 45 1,711 1,255 2,00 2,000 0-5
Holt Chemistry (2004). In the regular classroom instruction, the instructes 44 3,114 1,224 4,00 3,000 0-5
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It can be observed from table Il and Ill that students in experimentaéptual and algorithmic questions in chemistry. Results revealed that stu-
group have higher performance on ACQT and CCQT scores than studefgats who were instructed in pair problem solving technique incorporating
in control group. Also, students’ performance in experimental and contiblya’s problem solving strategy perform better on conceptual and algo-
groups on ACQT scores was higher than their CCQT scores. rithmic questions in chemistry than students who were instructed in Polya’s

In order to investigate effects of pair problem solving technique incoproblem solving strategy. This study showed similar results with the stud-
porating Polya’s problem solving strategy, ANCOVA was run separatelgs conducted to examine the effects of think-aloud problem solving tech-
on post-ACQT and CCQT and TOLT scores used as a covariate to statisjue (drnson and Giung, 1999; RrE, et al., 2004). Based on this result,
tically control initial group differences. Before conducting the analysis df can be concluded that pair problem solving technique incorporating
ANCOVA, the covariate was examined. According to Weinfurt (1995Qolya’s problem solving strategy is one of the effective teaching strategies
covariate should be used only if there is a statistically significant linetor develop students’ conceptual and algorithmic problem solving skills.
relationship between the covariate and dependent variables. Therefore,Rag problem solving technique allowed students to act as active problem
condition has been tested with Pearson correlation between predetermemders and problem checkers.
confounding variable (TOLT) and each dependent variables, ACQT andThis process increases students’ social interaction. In this approach,
CCQT. TOLT scores have significant correlation with ACQT score (r = students work in pairs and each student works the problem with a partner
0.787, N = 89, p < 0.01) and CCQT score (r = + 0.442, N = 89, p < 0.08ho does not directly participate in the problem solving but acts as the
Hence, TOLT scores were used as a covariate. problem checker and forces the problem solver to verbalize all thought

Levene’s test was used to check the assumption that error varianceraicesses.adinsonand dHnson (1986) stated that students who talk through
dependent variables is equal across experimental and control groups.mdterial with peers learn it in a more effective way and retention of infor-
significant values for dependent variables, ACQT scores (F (1,87) = 1,2058ation is enhanced in cooperative work because students who work in
p>0.05) and CCQT scores (F (1,87) = 2,000; p > 0.05), were greater tlmoperative relationship are more likely to develop a conscious strategy for
0.05, which means that equality of variances assumption was not violatedw they got to the answer. Tasks which require social interaction will

Table IV contains the summary of ANCOVA comparing the mean scoretimulate learning and will enable students to recognize that actions should
of the performance of students both experimental and control groups wlith taken with reference to others. Polya’s problem solving steps and the

respect to post-ACQT scores. episodes of pair problem solving technique promote active participation,
evidence gathering, interaction between students, discussion, and critical
Table IV thinking. Thus, according to this study, the combination of pair problem

solving technique and Polya’s problem solving strategy increases the level

Summary of ANCOVA comparing the mean post-ACQT scores of f . h .
of performance of students on conceptual and algorithmic questions in

students in experimental and control groups chemistry.
Sources df Mean square F P CONCLUSIONS
Most previous studies of problem solving skills have emphasized iden-
Treatment 1 37.89 65.289 0.000 tification of students’ performance of conceptual and algorithmic ques-
TOLT 1 109.98 189.528 0.000 tions in chemistry. In this study, effects of pair problem solving technique
Error 86 0.580 incorporating with Polya’s problem solving strategy on undergraduate
o students’ performance of conceptual and algorithmic questions in chemis-
"Significant at p < 0.05. try were investigated. According to this study, first year university stu-

) o dents of the Department of Elementary Education enrolled in general chem-
The analysis showed that students’ TOLT scores have significant effegty course improved their performance on conceptual and algorithmic
on their post-ACQT scores (F(1, 86) = 189.528, p < 0.05). The resuligestions using either polya’s problem solving strategy or pair problem
also indicated significant treatment effect F(1, 86) = 65.289, p < 0.05. Thelving technique incorporating with Polya’s problem solving strategy
students in the experimental group who were instructed in pair problesger a seven-week treatment period. It is indicated that a combination of
solving technique incorporating with Polya’s problem solving strategyair problem solving technique and Polya’s problem solving strategy is
demonstrated better performance (adjusted mean = 4.649) on algorithfisre effective in improving problem solving skills in conceptual and algo-
questions in chemistry over the control group students who were instrucigHmic questions in chemistry. In addition, students in both experimental
in only Polya’s problem solving strategy (adjusted mean = 3.344).  and control groups have higher performance in algorithmic questions than
Table V contains the summary of ANCOVA comparing the mean scorgs conceptual questions. Further studies should take into consideration that
of the performance of students both experimental and control groups Wiir problem solving technique based on different problem solving strate-
respect to post-CCQT scores. gies could be employed to investigate students’ performance on conceptual

and algorithmic question in chemistry.
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Niaz, M. (1988). Manipulation of M-demand of chemistry problems and its effect oa) 0, 1 mol Q,
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7

culture students in a power technology coudsernal of Agricultural Education ~ A) 10,76 B) 27,34 C) 21,53 D) 64,60 H),55
45, 1-11.
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PoLva, G. (1957).How to solve itGarden City, NY: Doubleday and Co., Inc. filled with hydrogen gas at 20 and 3 atm. pressure. The dots represent the distribution
Rep, N. & Yang, M.J. (2002). The solving of problems in chemistry: the more openef all the hydrogen molecules in the tank.

ended problems®Research in Science & Technological Educat2®, 83-98. =
Sawrey, B. (1990). Concept learning vs. problem solving: Revisifedirnal of I.”;_':b-l

Chemical Education§7, 253-254. Qx. :?:;

Swift, J.N.; Gooding, C.T. & Swift, P.R. (1989)sing research to improve the
quality of classroom discussiaf$ARST Research Matters, Occasional Publica-Which of the following diagrams illustrate the most probable distribution of molecules
tions to the Science Teacher, 20. of hydrogen gas in the sealed steel tank if the temperature is lowered®@? {The

TosiN, K.C. & Carig, W. (1980).The development and validation of a group test ofboiling point of hydrogen is — 252@).
logical thinking.Paper presented at the American Educational Research Associa-
tion Meeting, Boston, MA.

TsararLis, G.; KausaTHANA, M. & Niaz, M. (1998). Molecular-equilibrium prob-
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dents performancé&cience Educatiqrd2, 437-454.
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A) Niobium B) Rubidium C) Molybdenum D) They all have the same density. E) Nd8) Chemical formulas show the ratios of atoms in a molecule.
enough information is given

3B). The reaction of element X[ with element Y (O) is represented in the following D) Chemical formulas show the spatial arrangement of atoms in a molecule.

diagram. Which of the equations best describes this reaction?

4B). Two moles of Hgas are known to combine with one mole gfgas to form two
moles of a substance called water, which we write #3. MiVhich of the following
concepts is not associated with understanding this statement?

A) Chemical reactions involve the breaking and rearranging of chemical bonds.

106

A) 3X + 8Y —————— XY,
B) 3X + 6Y —————» X.Y,
C) X +2Y —— XY,

D) 3X + 8 ——— > 3XY, + 2Y

E)X+4Y — » XY,
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C) The moles of K O, and HO are proportionally related to each other.

E) The number of moles of water formed are determined by the number of moles of
H, and Q.

5B). Any quantity of Cu in excess of one mole will always react with two moles of

AgNO, to produce one mol of Cu(Np and two moles of Ag. Therefore we know that

1,5 moles of Cu will react with two moles of Agh@ produce 215,74 grams of Ag.

Which of the following concepts is the only concept not associated with these state-
ments?

Cu + 2AgNQ Cu(NQ + 2Ag

A) Chemical reactions involve the rearrangement of atoms about one another.

B) In an ordinary chemical reaction mass is not created or destroyed.

C) Identical compounds are always composed of the same elements in the same
proportion by mass.

D) Moles of chemical compounds are always conserved in balanced equations.

E) The number of moles of products formed in this case are determined by the number
of grams of AgNQ available.

6B). How many moles of the atoms of B (boron) are present in a sample havinfj 2X10
molecules of BH, .



