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ABSTRACT. This study aimed to investigate whether pre-service science major students at a college of education possess the
inquiry competencies necessary to conduct a general chemistry laboratory class. For this purpose, a survey of students’ experi-
ences in school science, an assessment of knowledge of laboratory equipment, an assessment of science inquiry processes, and an
assessment of chemistry experiment design skills were conducted. The results indicated that science education major students had
insufficient understanding of the names and uses of chemical experiment tools, and they did not adequately perform the investiga-
tion processes required for the intended experiments. Additionally, it was shown that science education major students had inade-
quate inquiry competencies needed to conduct general chemistry experiments at the university level, such as insufficient chemistry
experiment design skills.
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Table 1. Survey of students’ experiences of school science
Number Detailed Contents Type of Response
1 Please select all chemistry-related subjects you completed in high school Multiple Choice
2 How often were experiments conducted in the first year of high school single response
3 How often were experiments conducted in the second year of high school single response
4 How often were experiments conducted in the third year of high school single response
5 Do you find chemistry experiment interesting? scale
6 Are you confident in conducting experiment interesting? scale
7 Please share your feelings about taking the class of chemistry experiments. open-type
Table 2. Assessment of knowledge of laboratory equipment
Number Cheméstr}./ Laboratory Textbook Number Chemlstr}./ Laboratory Textbook
quipment Equipment
1 Weighing paper Science 1, 2 & Chemistry 1,2 9 Volumetric flask Chemistry 1
2 Erlenmeyer flask Science 1~3 & Chemistry 1, 2 10 Pipette Chemistry 1, 2
Science 1~3, Integrated Science . .
3 Beaker & Chemistry 1,2 11 Pipet filler Chemistry 1, 2
Science 1~3, Integrated Science .
4 Test tube & Chemistry 1,2 12 Burette Chemistry 1
5 Funnel Science 2 & Chemistry 1, 2 13 Laboratory stand Science 1, 2 & Chemistry 1
.. Science 2, 3, Integrated Science . Science 1~3, Integrated Science
6 Digital scale & Chemistry 1,2 14 Heating tools & Chemistry 1,2
Science 1~3, Integrated Science Erlenmeyer flask .
7 Dropper & Chemistry 1, 2 15 with branch Science 2
8 Graduated cylinder Science 2, Integrated Science 16 Separatory funnel Science 2

& Chemistry 1,2
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Table 3. Assessment of chemistry experiment design skills
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Number Detailed Contents Textbook
1 Separation of Water and Cooking Oil Mixture Science 2
2 Separation of Ethanol and Water Mixture Science 2
3 Separation of Salt and Sand Mixture Science 2
4 To prepare 1L of 0.1M NaOH(aq) solution using solid NaOH(s) as the reagent Chemistry 1
5 To dilute a 12M HCl(aq) solution to a 0.1M HCl(aq) solution Chemistry 1
6 Measuring the Concentration of Acetic Acid in Vinegar Using 0.1M NaOH(aq) Standard Solution Chemistry 1
7 Gas Collection Experiment from the Reaction between Mg(s) and HCl(aq) Chemistry 2
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Table 4. Inquiry competency assessment framework
Assessment Element Detailed Contents Score
- Unable to design experiments at all 0
Assessment of - Attempts are made, but variables are not identified 2
Chemistry Experimental * Some variables are identified, but overall experiment is not designed 4
Experiment Design - Identifies independent and dependent variables and designs a qualitative experiment 6
Design Skills - Controls variables and designs the overall experiment, but some aspects are incomplete 8
- Controls variables, provides specific experimental procedures, and selects appropriate apparatuses 10
- Does not collect any data 0
- Presents only qualitative data, such as the mass of vinegar and the volume of sodium hydroxide 5
solution consumed
* Quantitatively presents the_ ma.ss.of vinegar and the volume of sodium hydroxide solution 4
Collecting consumed, but data collection is inaccurate
data - Quantitatively presents the mass of .vin.egar and the volurpe of sodium hydroxide solution 6
consumed, but the collected data's significant figures are inaccurate
- Presents quantitatively the mass of vinegar and the volume of sodium hydroxide solution 8
consumed, considering significant figures
- Presents quantit'ativgly the mass of vinegar and the volume of sodium hydroxide solution 10
consumed, considering significant figures, and performs repeated measurements
- The data is not converted into a table, and the molar concentration of acetic acid is not determined 0
- The data is not converted into a table, and the molar concentration of acetic acid is inaccurately 5
determined
- The data is converted into a table, but the molar concentration of acetic acid is not determined 4
Data Conversi_on - The data is not converted into a table, but the molar concentration of acetic acid in vinegar is 6
and Interpretation determined
- The data is presented in tabular form, but it is not appropriate. However, the molar concentration 8
Assessment of of acetic acid in vinegar is determined
Science Inquiry - The da.ta in the table is accurately labeled, and the molar concentration of acetic acid in vinegar is 10
Processuiry determined
Processuiry - Does not draw any conclusions 0
Process * Simply lists the experimental result data without drawing any conclusions 2
- Attempts to determine the percentage concentration of acetic acid from the molar concentration 4
of vinegar but is inaccurate
Drawing : Atte;mpts to determine the percentage concentration of acetic acid from the molar concentration 6
Conclusions  Of vinegar but does not show the process
: Determit.les the percentage concentration of acetic acid from the molar concentration of vinegar 3
and provides a detailed process
* Determines the percentage concentration of acetic acid from the molar concentration of vinegar,
provides a detailed process, and calculates the error between the value obtained from the 10
experiment and the actual value
- Does not recognize shortcomings 0
- Only reviews certain aspects such as experimental design, data collection, and result analysis 2
- Reviews experimental design, data collection, result analysis, etc., but fails to identify any 4
shortcomings
Reflection - Systematically reviews experimental design, data collection, result analysis, etc., to identify 6
shortcomings, but the assessment is inaccurate
- To identify the root causes of the issues, reviews experimental design, data collection, result 8
analysis, etc., and figure out specific shortcomings
- Provides suggestions for improvement 10
dhero 2 gpstas AAlEg 1ol BAL AXSAL, o131 A1}
It HhAR 17 o] EAE Ako] Ao thsto]
Astlow, JA Aol oA 2pol7t = A5 =9 S uFAHUM M = i ZE
e oo & HHS AR Atoll ot spetu kel Eefals 13Hd S
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Table 5. Chemistry-related subjects taken in high school
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Table 6. Frequency of laboratory classes in high school
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At least twice a Once a 2to 3 times a Once a Once or twice Not performed
Grade
week week month month per semester at all
First 1 3 3 1 10 20
Second 0 2 3 2 12 19
Third 0 2 0 1 5 30
Sum 1(0.9%) 7(6.1%) 6(5.3%) 4(3.5%) 27(23.7%) 69(60.5%)
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Table 7. Interest and confidence in chemistry experiments

AQBE] B3} BT

o 24 AuSke AF SUS FHOR 281

Detailed Contents Strongly Disagree ~ Disagree Neutral Agree Strongly Agree
Do you find chemistry experiment interesting? 1(2.8%) 2(5.6%) 7(19.4%) 14(38.9%) 12(33.3%)
Are you confident in conducting chemistry experiment? 6(13.9%) 10(27.8%) 15(44.4%) 3(8.3%) 2(5.6%)
o, RO S 8% S Urokch wh BHSLAE & o] BFFAIE 7] ol fat ols|E obry] $1siA Al
o Azl Yir}r S Bl AR F40%7k £H Bk} Y BT ols) Bolo] E Setms 15 A B
BRI A Y TRA oS o908 TS i 139 S5 A Tl 3f Tk
SHE 14%gth AT Holdt Qusket AW £AS A 8k} AW BT of3] WA B BA A 14,
4517 A S RS ARsgons setAdel tat =T AR el te Wak 2dow dud FHe 3
ool BYe FEstmoA o ARo| wiEo] WA Holth B Wevt 140 e eR mae] WYL o
HAoe By AR 24 A7) setns el Ba T AR me) ALg whol] gt ol Rt
LET 15hE PSS St Hstel FulE 7] AL ojudth sfstm gl 1shd o] sfet A7 = ol
2 SR ARS8 e ok <Al 2 e kel R Wi A 93930lm, e ot
oA Ubehd Hhek o TEetm wbgolAlel Y 49 H AAWE 6¥olgith B MR Avnw /e mae)
Aol HE AT R G A0 mlth ANE AW ANAL, Aol ol ¥ Holgor) 1 9lo)
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mj 2ol thstalofl A o A =<dofl gtk 71dhgto] of & 27 & Hlgo] 2 =45 AuEy dAAAEw 7t
mjof] thgk 34 o] A YEhd 2o ® Bl vt LA 7F 24H2F T83%E 7Y =L, JAtha AXEO|ER
9, Fule AN SFeA S Hol sjEA] ¢Ft7] uiE 56.5%0] Atk 37HA] =S Al QR Y A] EqtaS A
of stetAe 3 T FFof et Aoz W& A4l AHE &5 SHIEA & B2 25 50% w|Rko] i

7ol WA LG $EE BE SutEA A 2 v)g
o] £& EIE AR B 27)(95.7%), 73 B

B g Eot 91.3%), 7HAE 9 42 Z242587.0%), F3] Fehia

Aol olgt spetu g akel Ee|wsat 13 st = (69.6%)7F ATt AL SHtE A &Il Qlont AHE &
Table 8. Assessment of knowledge of laboratory equipment

. . Chemistry Education Physics Education

Chemistry Laboratory Equipment M D M D Z p
Weighing paper(3) 1.09 1.31 1.07 0.80 -0.487 .658
Erlenmeyer flask(3) 1.26 1.14 1.33 1.11 -0.276 813
Beaker(3) 1.48 0.95 1.13 0.83 -1.221 344
Test tube(3) 0.74 1.10 0.40 091 -1.162 344
Funnel(3) 1.39 141 0.87 1.25 -1.156 .300
Digital scale(3) 2.52 0.95 247 1.13 -0.021 1.000
Dropper(3) 2.09 1.12 2.07 1.10 -0.083 953
Graduated cylinder(3) 1.43 1.27 1.00 1.20 -1.002 344
Volumetric flask(3) 0.87 1.36 0.20 0.77 -1.707 235
Pipette(3) 0.91 1.20 0.20 0.41 -1.807 129
Pipette filler(3) 0.26 0.86 0.13 0.52 -0.287 .906
Laboratory stand(3) 1.04 1.07 1.00 1.07 -0.115 .930
Burette(3) 1.22 1.13 0.80 0.94 -1.136 286
Heating tools(3) 2.65 0.71 227 1.10 -1.027 442
Erlenmeyer flask with branch(3) 0.35 0.93 0.00 0.00 -1.437 516
Separatory funnel(3) 0.09 0.42 0.00 0.00 -0.808 .836
Sum(48) 19.39 9.88 14.93 8.23 -1.227 224
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Table 9. Assessment of chemistry experiment design skills
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Chemistry Education Physics Education 7 b
M SD M SD
Solution preparation NaOH(aq)(10) 6.61 2.80 2.40 2.99 -3.326 .001:
HCl(aq)(10) 4.43 3.46 1.07 2.40 -2.779 .005
Acid-base Titration(10) 6.00 341 1.07 2.78 -3.514 .000™"
Gas Collection Experiment 235 3.19 0.13 0.34 -3.070 009"
Water and Cooking Oil(10) 2.35 222 1.73 2.05 -0.851 434
Separation of Mixture Ethanol and Water(10) 235 231 2.00 1.75 -0.293 795
Salt and Sand(10) 4.78 434 3.47 3.00 -1.051 312

**p < .01, ¥**p <.001
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Table 10. Assessment of inquiry process
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Figure 2. 2021 Official Mock Tests (September).
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Chemistry Education Physics Education 7 b
M SD M SD
Collecting data 291 2.94 2.77 1.18 -0.639 0.555
Data Conversion and Interpretation 3.00 3.00 4.15 2.77 -1.095 0.353
Drawing Conclusions 5.18 3.23 4.15 2.77 -1.554 0.139
Reflection 2.82 2.15 1.85 0.53 -1.600 0.180
Sum 11.09 8.58 11.07 7.63 -1.319 0.203
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