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ABSTRACT

This research aimed to explore the photosynthesis conceptions held by thirty eight senior high school
(Grades 10-12), Level 4 students at a Bangkok suburban high school in Thailand.  The study was conducted
during the 2002 academic year, before the science education reform was mandated in the 2003 academic
year.  A concept test was adapted from Barkerûs study (1985), comprising open-ended questions and multiple
choices including explanations to identify the student conceptions about photosynthesis connected with plants
and their food, chlorophyll, electron roles, energy sources and photosynthesis and plant respiration.  The results
of this study showed that, in Level 4, the students have little understanding about photosynthesis conceptions,
especially the relationship between photosynthesis process and plant respiration, chlorophyll roles and electron
roles in photosynthesis process.
Key words:  science conceptions, upper secondary students
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µÕπª≈“¬¡’·π«§‘¥§≈“¥‡§≈◊ËÕπ®“°·π«§‘¥‡™‘ß

«‘∑¬“»“ µ√å‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß ‚¥¬‡©æ“–

·π«§‘¥‡°’Ë¬«°—∫§«“¡ —¡æ—π∏å√–À«à“ß°“√ —ß‡§√“–Àå

¥â«¬· ß°—∫°“√À“¬„®¢Õßæ◊™ ∫∑∫“∑¢Õß§≈Õ‚√øï≈≈å

·≈–∫∑∫“∑¢ÕßÕ‘ ‡ ≈Á °µ√Õπ„πªØ‘°‘ √‘ ¬ “°“√

 —ß‡§√“–Àå¥â«¬· ß

∫∑π”

·π«§‘¥‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß‡ªìπ·π«§‘¥

æ◊Èπ∞“π∑’Ë ”§—≠µàÕ°“√ √â“ß§«“¡‡¢â“„®‡°’Ë¬«°—∫

ª√“°Ø°“√≥åµà“ß Ê ∑“ß™’«¿“æ ‡™àπ °“√∂à“¬‡∑æ≈—ßß“π

°“√„™âæ≈—ßß“π ·≈–À≈—°°“√‡°’Ë¬«°—∫π‘‡«»«‘∑¬“

(Lumpe and Staver, 1995) °√–∫«π°“√ —ß‡§√“–Àå

¥â«¬· ß∫Õ°∂÷ß ‡√◊Ë Õß√“«¢Õßæ◊™∑’Ë “¡“√∂„™â

§“√å∫Õπ‰¥ÕÕ°‰´¥å πÈ” ·≈–æ≈—ßß“π· ß„π°“√

 √â“ßÕ“À“√À√◊ÕπÈ”µ“≈„Àâ°—∫æ◊™‡Õß·≈–ª≈àÕ¬

ÕÕ°´‘‡®πÕÕ°¡“‡ªìπº≈æ≈Õ¬‰¥â„Àâ°—∫ ‘Ëß¡’™’«‘µ∑’ËÕ¬Ÿà

∫π‚≈°„∫π’È ¥—ßπ—Èπ°“√ —ß‡§√“–Àå¥â«¬· ß®÷ß®—¥«à“

‡ªìπ°√–∫«π°“√∑“ß™’«¿“æ∑’Ë ”§—≠§«√·°à°“√»÷°…“

(  «∑, 2545; AAAS, 2001)

®“°°“√ªØ‘√Ÿª°“√»÷°…“«‘∑¬“»“ µ√åµ“¡æ√–

√“™∫—≠≠—µ‘°“√»÷°…“ æ.». 2542 ·≈–À≈—° Ÿµ√°“√

»÷°…“¢—Èπæ◊Èπ∞“π æ.». 2544 ∑“ß ∂“∫—π àß‡ √‘¡

°“√ Õπ«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’ (  «∑., 2545)

´÷Ëß√—∫º‘¥™Õ∫µàÕ°“√ª√—∫ª√ÿß·≈–æ—≤π“À≈—° Ÿµ√

«‘∑¬“»“ µ√å¢Õßª√–‡∑» ‰¥â°”Àπ¥„Àâ°“√

 —ß‡§√“–Àå¥â«¬· ß‡ªìπ “√–Àπ÷Ëß„π°≈ÿà¡ “√–°“√

‡√’¬π√Ÿâ«‘∑¬“»“ µ√å ¢Õßπ—°‡√’¬π„π∑ÿ°√–¥—∫°“√»÷°…“

‰¥â·°à ™à«ß™—Èπ∑’Ë 1 §◊Õ ™—Èπª√–∂¡»÷°…“ªï∑’Ë 1 ∂÷ß™—Èπ

ª√–∂¡»÷°…“ªï∑’Ë 3 ™à«ß™—Èπ∑’Ë 2 §◊Õ ™—Èπª√–∂¡»÷°…“ªï∑’Ë

4 ∂÷ß™—Èπª√–∂¡»÷°…“ªï∑’Ë 6 ™à«ß™—Èπ∑’Ë 3 §◊Õ ™—Èπ

¡—∏¬¡»÷°…“ªï∑’Ë 1 ∂÷ß™—Èπ¡—∏¬¡»÷°…“ªï∑’Ë 3 ·≈–™à«ß

™—Èπ∑’Ë 4 §◊Õ ™—Èπ¡—∏¬¡»÷°…“ªï∑’Ë 4 ∂÷ß™—Èπ¡—∏¬¡»÷°…“

ªï∑’Ë 6

·π«§‘¥‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß„π™à«ß™—Èπ∑’Ë

1 π—°‡√’¬π®–‰¥â»÷°…“‚§√ß √â“ß·≈–Àπâ“∑’Ë¢Õß

‚§√ß √â“ßµà“ß Ê ¢Õßæ◊™ „π™à«ß™—Èπ∑’Ë 2 π—°‡√’¬π

®–‰¥â»÷°…“∂÷ßªí®®—¬∫“ßª√–°“√∑’Ë®”‡ªìπµàÕ°“√‡®√‘≠

‡µ‘∫‚µ·≈–°“√ —ß‡§√“–Àå¥â«¬· ß¢Õßæ◊™  ”À√—∫„π

™à«ß™—Èπ∑’Ë 3 π—°‡√’¬π®–‰¥â»÷°…“‡°’Ë¬«°—∫‚§√ß √â“ß

·≈–Àπâ“∑’Ë¢Õßæ◊™ «—µ∂ÿ¥‘∫∑’Ëæ◊™„™â„π°“√ —ß‡§√“–Àå

¥â«¬· ß ·≈–§«“¡ —¡æ—π∏å√–À«à“ß°“√ —ß‡§√“–Àå

¥â«¬· ß°—∫√–∫∫π‘‡«» ´÷Ëß§«“¡√Ÿâ„π™à«ß™—Èπ∑’Ë 3 π’È

®—¥‡ªìπ§«“¡√Ÿâæ◊Èπ∞“π¢Õß°“√ —ß‡§√“–Àå¥â«¬· ß

 ”À√—∫π—°‡√’¬π„π™à«ß™—Èπ∑’Ë 4 ´÷Ëß®–»÷°…“°“√

 —ß‡§√“–Àå¥â«¬· ß∑’Ë§√Õ∫§≈ÿ¡∂÷ß°“√»÷°…“ “√„π

√–¥—∫™’«‡§¡’‚¡‡≈°ÿ≈ °“√‡ª≈’Ë¬π·ª≈ßæ≈—ßß“π ™’«¿“æ

æ—π∏–‡§¡’ ·≈– ªØ‘°‘√‘¬“∑’Ë ‡°‘¥¢÷Èπ¢≥–∑’Ëæ◊™

 —ß‡§√“–Àå¥â«¬· ß

° “ √µ √ –Àπ— ° ∂÷ ß § « “¡ ”§— ≠¢Õ ß° “ √

 —ß‡§√“–Àå¥â«¬· ß¡‘‰¥â®”°—¥Õ¬Ÿà‡æ’¬ß·§à„πª√–‡∑»

‰∑¬‡∑à“π—Èπ „πµà“ßª√–‡∑»‰¥â„Àâ§«“¡ ”§—≠„π°“√

»÷°…“·π«§‘¥ ‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß¥â«¬‡™àπ°—π

µ—«Õ¬à“ß‡™àπ  À√—∞Õ‡¡√‘°“ ÕÕ ‡µ√‡≈’¬ Õ‘ √“‡Õ≈ ·≈–

π‘« ’́·≈π¥å ´÷Ëß®“°º≈°“√«‘®—¬»÷°…“·π«§‘¥‡√◊ËÕß°“√

 —ß‡§√“–Àå¥â«¬· ß¢Õßπ—°‡√’¬π æ∫«à“ π—°‡√’¬π¡’

§«“¡‡¢â“„®§≈“¥‡§≈◊ËÕπ‡°’Ë¬«°—∫°“√ —ß‡§√“–Àå¥â«¬· ß

‡™àπ π—°‡√’¬π§‘¥«à“ ç°“√ —ß‡§√“–Àå¥â«¬· ß§◊Õ°“√

À“¬„®¢Õßæ◊™...é (Amir and Tamir, 1995: 7) ç¥‘π

§◊Õ Õ“À“√ [¢Õßæ◊™]...é (Wandersee, 1985: 587)

çæ◊™À“¬„®‡©æ“–µÕπ°≈“ß§◊π æ◊™ —ß‡§√“–Àå¥â«¬

· ß‡©æ“–µÕπ°≈“ß«—πé (Haslam and Treagust,

1987: 206) ‡ªìπµâπ

Gunstone ‰¥â°≈à“«∂÷ß “‡ÀµÿÀπ÷Ëß¢Õß°“√¡’

·π«§‘¥∑’Ë§≈“¥‡§≈◊ËÕπ‰«â„π The Australian Science

Teachers Journal ‡¡◊ËÕªï §.». 1990 «à“ °“√¡’·π«§‘¥∑’Ë

§ ≈ “¥ ‡ §≈◊Ë Õπ ‡ªì πº≈¡“® “°° “√¡’ ∑— »π–∑“ ß

«‘∑¬“»“ µ√å∑’Ë‰¡à∂Ÿ°µâÕß ́ ÷Ëß ç∑—»π–∑“ß«‘∑¬“»“ µ√åé

(scientific views) π’ÈÀ¡“¬∂÷ß §«“¡‡™◊ËÕ‡¥‘¡∑’Ë‡°‘¥®“°

°“√µ’§«“¡À¡“¬ª√– ∫°“√≥åµà“ß Ê ∑’Ëπ—°‡√’¬π‰¥â

æ∫‡ªìπª√–®”∑—Èß„π·≈–πÕ°ÀâÕß‡√’¬π ¥—ßπ—Èπ Õ“®
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‡ªìπ‰ª‰¥â«à“ À“°π—°‡√’¬π¡’§«“¡‡™◊ËÕ‡¥‘¡∑’Ëº‘¥À√◊Õ¢—¥

·¬âßµàÕ°“√ √â“ß·π«§‘¥„À¡à∑’Ë∂Ÿ°µâÕß π—°‡√’¬πÕ“®

‰¡à “¡“√∂·°â‰¢·π«§‘¥∑’Ë§≈“¥‡§≈◊ËÕπ¢Õßµπ‰¥â ´÷Ëß

„πª√–‡¥Áππ’È Hazel and Prosser (1994: 4) ‰¥â

‡ πÕ·π–‰«â«à“ °“√ ”√«®·π«§‘¥¢Õßπ—°‡√’¬π°àÕπ

°“√‡√’¬π πà“®–‡ªìπ ‘Ëß ”§—≠∑’Ë®–™à«¬„Àâ§√ŸºŸâ Õπ√Ÿâ

«à“π—°‡√’¬π°”≈—ß¡’·π«§‘¥∑’Ë§≈“¥‡§≈◊ËÕπ‡°’Ë¬«°—∫‡√◊ËÕß

π—Èπ Ê Õ¬à“ß‰√ ·≈–§√Ÿ “¡“√∂π”¢âÕ¡Ÿ≈∑’Ë‰¥âπ’È‰ª„™â

æ—≤π“°“√ Õπ‰¥âµ√ß°—∫ ¿“æ®√‘ß¢Õßπ—°‡√’¬π

Õ¬à“ß‰√°Áµ“¡ ®“°°“√»÷°…“ß“π«‘®—¬¿“¬„π

ª√–‡∑»‰∑¬ æ∫«à“ ¡’ß“π«‘®—¬®”π«ππâÕ¬¡“° ∑’Ë

»÷°…“·π«§‘¥‡√◊ËÕß°“√ —ß ‡§√“–Àå¥â«¬· ß¢Õß

π—°‡√’¬π™à«ß™—Èπ∑’Ë 4 µ—«Õ¬à“ß‡™àπ ∞‘µ‘¡“ (2531)

«‘ ‡§√“–Àå·π«§‘¥∑“ß™’««‘∑¬“¢Õßπ—° ‡√’¬π™—Èπ

¡—∏¬¡»÷°…“ªï∑’Ë 5 ‚¥¬„™â§à“‰§ ·§«√å (χ2 - test) ´÷Ëß

æ∫«à“π—°‡√’¬π¡’·π«§‘¥§≈“¥‡§≈◊ËÕπ‡°’Ë¬«°—∫Àπâ“∑’Ë

· ≈ – ∫∑∫ “ ∑ ¢ Õ ß πÈ” „ π ° “ √ ‡ ªì π «— µ ∂ÿ ¥‘ ∫ „ π

°√–∫«π°“√ —ß‡§√“–Àå¥â«¬· ß π—°‡√’¬π¡’·π«§‘¥«à“

πÈ”¡’Àπâ“∑’Ë‡ªìπµ—«∑”≈–≈“¬·≈–¡’∫∑∫“∑„π°“√≈”

‡≈’¬ß¿“¬„πæ◊™ πÕ°®“°π’È °√–∑√«ß»÷°…“∏‘°“√ (2532)

¬—ß‰¥â«‘‡§√“–Àå·π«§‘¥∑“ß™’««‘∑¬“¢Õßπ—°‡√’¬π™—Èπ

¡—∏¬¡»÷°…“ªï∑’Ë 6 ‚¥¬°“√§”π«≥√âÕ¬≈–¢Õß®”π«π

π—°‡√’¬π∑—ÈßÀ¡¥ æ∫«à“‰¡à¡’π—°‡√’¬π§π„¥ “¡“√∂

Õ∏‘∫“¬°“√‡°‘¥·°ä ÕÕ°´‘ ‡®π„π°√–∫«π°“√

 —ß‡§√“–Àå¥â«¬· ß‰¥â ·≈–π—°‡√’¬π¡“°°«à“√âÕ¬≈– 80

¡’ ·π«§‘¥∑’Ë §≈“¥ ‡§≈◊Ë Õπ ‡°’Ë ¬ «°—∫∫∑∫“∑¢Õß

§≈Õ‚√øï≈≈å·≈–§≈Õ‚√æ≈“ µå ‡ªìπµâπ

«—µ∂ÿª√– ß§å°“√«‘®—¬

1.  ”√«®·π«§‘¥‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß

µ“¡À≈—° Ÿµ√ “√–°“√‡√’¬π√Ÿâ«‘∑¬“»“ µ√å¢Õß

π—°‡√’¬π™à«ß™—Èπ∑’Ë 4

2. ‡ª√’¬∫‡∑’¬∫·π«§‘¥¢Õßπ—°‡√’¬π™à«ß™—Èπ∑’Ë 4

°—∫·π«§‘¥‡™‘ß«‘∑¬“»“ µ√å‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß

ª√–‚¬™πå∑’Ë§“¥«à“®–‰¥â√—∫

1. §√ŸºŸâ Õπ«‘™“™’««‘∑¬“ “¡“√∂π”¢âÕ¡Ÿ≈º≈

°“√ ”√«®π’È‰ªæ—≤π“°“√®—¥°“√‡√’¬π°“√ Õπ ‡æ◊ËÕ

 àß‡ √‘¡„Àâπ—°‡√’¬π¡’·π«§‘¥‡™‘ß«‘∑¬“»“ µ√å‡√◊ËÕß°“√

 —ß‡§√“–Àå¥â«¬· ß‰¥â¥’¬‘Ëß¢÷Èπ

2. °√–µÿâπ„Àâ§√ŸºŸâ Õπ‡ÀÁπ§«“¡ ”§—≠¢Õß

°“√»÷°…“·π«§‘¥¢Õßπ—°‡√’¬π ‡æ◊ËÕ°“√‡µ√’¬¡§«“¡

æ√âÕ¡„π°“√®—¥°“√‡√’¬π°“√ Õπµ“¡À≈—° Ÿµ√ “√–

°“√‡√’¬π√Ÿâ«‘∑¬“»“ µ√åµàÕ‰ª

¢Õ∫‡¢µ¢Õß°“√«‘®—¬

ß“π«‘®—¬π’È»÷°…“·π«§‘¥‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬

· ß¢Õßπ—°‡√’¬π∑’Ë‡√’¬π‡πâπÀπ—°∑“ß«‘∑¬“»“ µ√å

™à«ß™—Èπ∑’Ë 4 ´÷Ëßª√–°Õ∫¥â«¬π—°‡√’¬π√–¥—∫™—Èπ

¡—∏¬¡»÷°…“ªï∑’Ë 4 › 6 ®—ßÀ«—¥ππ∑∫ÿ√’ „π™à«ß‡¥◊Õπ

°√°Æ“§¡ ¿“§µâπ ªï°“√»÷°…“ 2545

«‘∏’¥”‡π‘π°“√«‘®—¬

√–‡∫’¬∫«‘∏’«‘®—¬

ß“π«‘®—¬π’È‡ªìπß“π«‘®—¬‡™‘ß ”√«® ´÷ËßºŸâ«‘®—¬‰¥â

§—¥‡≈◊Õ°‚√ß‡√’¬π¡—∏¬¡»÷°…“∑’Ë¡’§«“¡ π„®„π°“√

æ—≤π“°“√‡√’¬π°“√ Õπ«‘™“™’««‘∑¬“ ‚¥¬µ‘¥µàÕºà“π

§√ŸºŸâ Õπ«‘™“™’««‘∑¬“·≈â«®÷ß¥”‡π‘π°“√¢ÕÕπÿ≠“µ

‚√ß‡√’¬π‡æ◊ËÕ¥”‡π‘π°“√«‘®—¬µàÕ‰ª

ª√–™“°√·≈–°≈ÿà¡µ—«Õ¬à“ß

1. ª√–™“°√

π—°‡√’¬π™à«ß™—Èπ∑’Ë 4 ®“°‚√ß‡√’¬π¡—∏¬¡»÷°…“

¥—ß°≈à“«¡“¢â“ßµâπ

2. °≈ÿà¡µ—«Õ¬à“ß

π—°‡√’¬π™—Èπ¡—∏¬¡»÷°…“ªï∑’Ë 4 (¡.4) ®”π«π 15

§π π—°‡√’¬π™—Èπ¡—∏¬¡»÷°…“ªï∑’Ë 5 (¡.5) ®”π«π 13 §π

·≈– π—°‡√’¬π™—Èπ¡—∏¬¡»÷°…“ªï∑’Ë 6 (¡.6) ®”π«π 10

§π √«¡∑—Èß ‘Èπ 38 §π ´÷Ëß°≈ÿà¡µ—«Õ¬à“ßπ’È‰¥â¡“®“°

°“√ ÿà¡µ—«Õ¬à“ß·∫∫ßà“¬®“°π—°‡√’¬π·µà≈–√–¥—∫™—Èπ
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„π™à«ß™—Èπ∑’Ë 4

‡§√◊ËÕß¡◊Õ«‘®—¬

‡§√◊ËÕß¡◊Õ∑’Ë„™â„πß“π«‘®—¬π’È §◊Õ ·∫∫ ”√«® ∑’Ë

ª√–°Õ∫¥â«¬§”∂“¡ª≈“¬‡ªî¥·∫∫¡’µ—«‡≈◊Õ°·≈–∑’Ë

«à“ß„ÀâÕ∏‘∫“¬‡Àµÿº≈ ®”π«π 14 ¢âÕ ´÷Ëß§√Õ∫§≈ÿ¡

·π«§‘¥‡°’Ë¬«°—∫°“√ —ß‡§√“–Àå¥â«¬· ß ‰¥â·°à æ◊™

·≈–Õ“À“√¢Õßæ◊™ §≈Õ‚√øï≈≈å ∫∑∫“∑¢ÕßÕ‘‡≈Á°µ√Õπ

·À≈àßæ≈—ßß“π ·≈– ªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå¥â«¬· ß

°—∫°“√À“¬„®¢Õßæ◊™ ·∫∫ ”√«®π’Èæ—≤π“¡“®“°

°“√π”·∫∫ ”√«®·π«§‘¥‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬

· ß¢Õß Barker (1985) ¡“ª√—∫ª√ÿß‚¥¬°“√ª√—∫¿“…“

√Ÿª·∫∫§”∂“¡ ·≈– √â“ß§”∂“¡‡æ‘Ë¡‡µ‘¡‡æ◊ËÕ„Àâ

§√Õ∫§≈ÿ¡·π«§‘¥‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ßµ“¡

À≈—° Ÿµ√¢Õßª√–‡∑»‰∑¬ ®“°π—Èπ‰¥âπ”‰ªµ√«®

 Õ∫§«“¡µ√ßµ“¡‡π◊ÈÕÀ“ ¿“…“‡¢’¬π °“√ ◊ËÕ§«“¡

À¡“¬‚¥¬ºŸâ‡™’Ë¬«™“≠ ·≈–∑¥≈Õß„™â°—∫°≈ÿà¡µ—«Õ¬à“ß

¢π“¥‡≈Á°∑’Ë¡’≈—°…≥–‡¥’¬«°—∫°≈ÿà¡µ—«Õ¬à“ß®√‘ß‡æ◊ËÕ

ª√—∫ª√ÿß·°â‰¢°àÕππ”‰ª„™â‡°Á∫¢âÕ¡Ÿ≈

«‘∏’‡°Á∫√«¡√«¡¢âÕ¡Ÿ≈

1. µ‘¥µàÕ‚√ß‡√’¬π‡æ◊ËÕ¢Õ ”√«®·π«§‘¥‡√◊ËÕß

°“√ —ß‡§√“–Àå¥â«¬· ß¢Õßπ—°‡√’¬π™à«ß™—Èπ∑’Ë 4 „π

‡¥◊Õπ°√°Æ“§¡ ¿“§µâπ ªï°“√»÷°…“ 2545

2.  ÿà¡µ—«Õ¬à“ß·∫∫ßà“¬®“°π—°‡√’¬π·µà≈–

√–¥—∫™—Èπ„π™à«ß™—Èπ∑’Ë 4 ®“°π—Èπµ‘¥µàÕ„Àâ§√ŸºŸâ Õπ

¥”‡π‘π°“√π—¥À¡“¬π—°‡√’¬π°≈ÿà¡µ—«Õ¬à“ß≈à«ßÀπâ“

‡ªìπ‡«≈“ 1  —ª¥“Àå

3. π—°‡√’¬π°≈ÿà¡µ—«Õ¬à“ß∑”·∫∫ ”√«®æ√âÕ¡

°—π∑ÿ°§π„π§“∫°‘®°√√¡™ÿ¡πÿ¡ ‡ªìπ‡«≈“ 50 π“∑’

«‘∏’«‘‡§√“–Àå¢âÕ¡Ÿ≈

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√¥”‡π‘π°“√«‘®—¬

„™â°“√«‘‡§√“–Àå‡π◊ÈÕÀ“ ´÷Ëß¡’¢—ÈπµÕπ¥—ßµàÕ‰ªπ’È

1. Õà“π§”µÕ∫·≈–°“√Õ∏‘∫“¬‡Àµÿº≈¢Õß

π—°‡√’¬π∑ÿ°§π„π·µà≈–§”∂“¡‡æ◊ËÕ¥Ÿ¿“æ√«¡¢Õß§”

µÕ∫∑’Ë‡ªìπ‰ª‰¥â∑—ÈßÀ¡¥

2. π”§”µÕ∫·≈–§”Õ∏‘∫“¬¢Õßπ—°‡√’¬π¡“µ’

§«“¡À¡“¬ ·≈–®”·π°‡ªìπ°≈ÿà¡µ“¡√–¥—∫§«“¡

 Õ¥§≈âÕß°—∫·π«§‘¥‡™‘ß«‘∑¬“»“ µ√å ¥—ßπ’È

°≈ÿà¡∑’Ë¡’·π«§‘¥«‘∑¬“»“ µ√å (Scientific

understanding) À¡“¬∂÷ß π—°‡√’¬πµÕ∫‰¥â Õ¥§≈âÕß

°—∫·π«§‘¥¢Õßπ—°«‘∑¬“»“ µ√åªí®®ÿ∫—π§√∫∑ÿ°

·π«§‘¥·≈– “¡“√∂‡™◊ËÕ¡‚¬ß·π«§‘¥π—Èπ Ê ‰¥â

°≈ÿà¡∑’Ë¡’·π«§‘¥«‘∑¬“»“ µ√å∫“ß à«π (Partial

understanding) À¡“¬∂÷ß π—°‡√’¬πµÕ∫‰¥â Õ¥§≈âÕß

°—∫·π«§‘¥¢Õßπ—°«‘∑¬“»“ µ√åªí®®ÿ∫—πÕ¬à“ßπâÕ¬ 1

·π«§‘¥

°≈ÿà¡∑’Ë¡’·π«§‘¥∑’Ë§≈“¥‡§≈◊ËÕπ (Partial

understanding with misunderstanding) À¡“¬∂÷ß

π— ° ‡ √’ ¬ π µÕ∫ ‰¥â   Õ ¥§≈â Õ ß °— ∫ ·π «§‘ ¥ ¢ Õ ß

π—°«‘∑¬“»“ µ√åªí®®ÿ∫—π‡æ’¬ß∫“ß à«π ·≈–¬—ß§ß¡’

∫“ß à«π∑’Ë‰¡à Õ¥§≈âÕß

°≈ÿà¡∑’Ë‰¡à¡’·π«§‘¥«‘∑¬“»“ µ√å (Non-scientific

understanding) À¡“¬∂÷ß §”µÕ∫¢Õßπ—°‡√’¬π‰¡à

 Õ¥§≈âÕß°—∫·π«§‘¥¢Õßπ—°«‘∑¬“»“ µ√åªí®®ÿ∫—π

°≈ÿà¡∑’Ë‰¡àµÕ∫§”∂“¡ À√◊Õ µÕ∫«à“‰¡à‡¢â“„®

(No answer) À¡“¬∂÷ß π—°‡√’¬π‰¡à‰¥âµÕ∫§”∂“¡

À√◊Õ‰¡à‰¥â‡¢’¬πÕ∏‘∫“¬‡Àµÿº≈ À√◊Õ‡¢’¬πÕ∏‘∫“¬„π

≈—°…≥–∑«π§”∂“¡ À√◊ÕµÕ∫«à“‰¡à‡¢â“„®À√◊Õ®”‰¡à‰¥â

3. §”π«≥§«“¡∂’Ë¢Õß§”µÕ∫„π·µà≈–°≈ÿà¡

®“°π—Èπ§‘¥‡ªìπ√âÕ¬≈–‡∑’¬∫°—∫®”π«ππ—°‡√’¬π¢Õß

·µà≈–√–¥—∫™—Èπ ·≈–®”π«ππ—°‡√’¬π√«¡∑—ÈßÀ¡¥

4. ‡æ◊ËÕ§«“¡∂Ÿ°µâÕß„π°“√µ’§«“¡À¡“¬·≈–

®—¥°≈ÿà¡ª√–‡¿∑·π«§‘¥¢Õßπ—°‡√’¬π ºŸâ«‘®—¬‰¥â

π”‡ πÕº≈°“√«‘‡§√“–ÀåµàÕºŸâ‡™’Ë¬«™“≠ ´÷Ëß„π°√≥’∑’Ë

ºŸâ«‘®—¬·≈–ºŸâ‡™’Ë¬«™“≠¡’§«“¡§‘¥‡ÀÁπ‰¡àµ√ß°—π ºŸâ«‘®—¬

·≈–ºŸâ‡™’Ë¬«™“≠‰¥âÕ¿‘ª√“¬‡æ◊ËÕ√à«¡°—πÀ“¢âÕ √ÿª„Àâ

‰¥â„π∑’Ë ÿ¥
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º≈·≈–Õ¿‘ª√“¬º≈

®“°°“√ ”√«®·π«§‘¥¢Õßπ—°‡√’¬π™à«ß™—Èπ∑’Ë 4

‡°’Ë¬«°—∫‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß ´÷Ëßª√–°Õ∫¥â«¬

·π«§‘¥¬àÕ¬ Ê ¥—ßπ’È æ◊™·≈–Õ“À“√¢Õßæ◊™ §≈Õ‚√øï≈≈å

∫∑∫“∑¢ÕßÕ‘‡≈Á°µ√Õπ ·À≈àßæ≈—ßß“π ·≈–ªØ‘°‘√‘¬“

°“√ —ß‡§√“–Àå¥â«¬· ß°—∫°“√À“¬„®¢Õßæ◊™ æ∫«à“

π—°‡√’¬π™—Èπ ¡. 4 ¡. 5 ·≈– ¡. 6 ¡’§«“¡‡¢â“„®

·π«§‘¥«‘∑¬“»“ µ√å„π·µà≈–·π«§‘¥¬àÕ¬·µ°µà“ß°—π‰ª

´÷Ëß°“√√“¬ß“π·≈–Õ¿‘ª√“¬º≈°“√«‘®—¬ ®–·∫àßÕÕ°‡ªìπ

2  à«π ‰¥â·°à °“√ √ÿª¿“æ√«¡·π«§‘¥‡√◊ËÕß°“√

 —ß‡§√“–Àå¥â«¬· ß¢Õßπ—°‡√’¬π ·≈–°“√Õ∏‘∫“¬ √ÿª

§«“¡‡¢â“„®¢Õßπ—°‡√’¬π„π·µà≈–·π«§‘¥¬àÕ¬

º≈°“√ ”√«®¿“æ√«¡·π«§‘¥¢Õßπ—°‡√’¬π

‡°’Ë¬«°—∫°“√ —ß‡§√“–Àå¥â«¬· ß (Table 1) ‚¥¬„™â§”∂“¡

ç°“√ —ß‡§√“–Àå¥â«¬· ß§◊ÕÕ–‰√é æ∫«à“π—°‡√’¬π

 à«π„À≠àÀ√◊Õ√âÕ¬≈– 69 ¢Õßπ—°‡√’¬π™à«ß™—Èπ∑’Ë 4 ¡’

·π«§‘¥«‘∑¬“»“ µ√å‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß‡æ’¬ß

∫“ß à«πÀ√◊Õ∫“ß·π«§‘¥ ‡™àπ ç°“√ —ß‡§√“–Àå¥â«¬

· ß§◊Õ°“√ √â“ßÕ“À“√¢Õßæ◊™é ´÷Ëß¬—ß‰¡à§√Õ∫§≈ÿ¡

∑ÿ°·π«§‘¥∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ —ß‡§√“–Àå¥â«¬· ß ÷́Ëß

ª√–°Õ∫¥â«¬ (1) °“√ √â“ßÕ“À“√ (2) πÈ”µ“≈ (3)

 ¡°“√°“√ —ß‡§√“–Àå¥â«¬· ß ·≈– (4) æ≈—ßß“π· ß

πÕ°®“°π’È π—°‡√’¬π à«π„À≠à¡—°®–‡¢’¬πµÕ∫‚¥¬„™â

¿“…“‡¢’¬πµ“¡·∫∫©∫—∫¢ÕßÀπ—ß ◊Õ‡√’¬π√–¥—∫™—Èπ

¡—∏¬¡»÷°…“ªï∑’Ë 1 ∑’Ë«à“ ç...‡√“‡√’¬°°“√ √â“ßÕ“À“√

¢Õßæ◊™«à“ °“√ —ß‡§√“–Àå¥â«¬· ß...é (°√–∑√«ß

»÷°…“∏‘°“√, 2543: 6)

º≈°“√ ”√«®·π«§‘¥¬àÕ¬‡√◊ËÕßæ◊™·≈–Õ“À“√

¢Õßæ◊™ (Table 2) ´÷Ëß‡ªìπ·π«§‘¥ ”§—≠∑’Ë∫Õ°∂÷ß

 “‡Àµÿ«à“∑”‰¡æ◊™®÷ßµâÕß¡’°√–∫«π°“√ —ß‡§√“–Àå

¥â«¬· ß æ∫«à“ ¡’π—°‡√’¬π™à«ß™—Èπ∑’Ë 4 ‡æ’¬ß√âÕ¬≈– 26

Table 1 Studentsû understandings of photosynthesis.
Grader (s) Total

Categories 10th 11th 12th n=38
(n=15) (n=13) (n=10)

Scientific understanding 1 2 2 5
ë Photosynthesis is plantsû food making that is sugar (7%)1/ (15%) (20%) (13%)

by changing light energy to chemical energy. This
needs raw materials as following equation

CO2 + H2O 
light

chlorophyll
 C6H12O6 + O2

Partial understanding 11 9 6 36
ë Photosynthesis is use of light energy to produce (73%) (70%) (60%) (69%)

plantsû food, sugar.
ë Photosynthesis is plantsû food making that is sugar as

the equation (as above).
ë Photosynthesis is changing of inorganic compound

to organic compound as the equation (as above).
Partial understanding with misunderstanding 0 0 0 0
Non - scientific understanding 0 0 0 0
No answer or ç I do not understand photosynthesisé 3 2 2 7

(20%) (15%) (20%) (18%)
1/ percentage of students writing the concept statements in each grader.
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‡∑à“π—Èπ∑’Ë¡’·π«§‘¥«‘∑¬“»“ µ√å ¡∫Ÿ√≥å«à“ °“√

 —ß‡§√“–Àå¥â«¬· ß§◊Õ°“√ √â“ßÕ“À“√¢Õßæ◊™ ÷́Ëß

Õ“À“√„π∑’Ëπ’È°Á§◊ÕπÈ”µ“≈ πÕ°®“°π’È¬—ßæ∫«à“π—°‡√’¬π

Õ’°√âÕ¬≈– 37 ¡’·π«§‘¥§≈“¥‡§≈◊ËÕπ«à“ πÈ” ·√à∏“µÿ ªÿÜ¬

°Á‡ªìπÕ“À“√¢Õßæ◊™¥â«¬‡™àπ°—π  à«ππ—°‡√’¬πÕ’°√âÕ¬

≈– 26 ‰¡à¡’·π«§‘¥«‘∑¬“»“ µ√å ·≈–Õ’°√âÕ¬≈– 11

‰¡à “¡“√∂Õ∏‘∫“¬§”µÕ∫‰¥â ®“°¢âÕ¡Ÿ≈‡À≈à“π’È· ¥ß

„Àâ‡ÀÁπ«à“π—°‡√’¬π¬—ß‰¡à‡¢â“„®‡°’Ë¬«°—∫°√–∫«π°“√

 —ß‡§√“–Àå¥â«¬· ß ·≈–‡¡◊ËÕæ‘®“√≥“‡ªìπ√–¥—∫™—Èπ

æ∫«à“π—°‡√’¬π™—Èπ ¡. 4 √âÕ¬≈– 33 π—°‡√’¬π™—Èπ ¡. 5

√âÕ¬≈– 31 ·≈–π—°‡√’¬π™—Èπ ¡. 6 √âÕ¬≈– 10 ‰¡à¡’

·π«§‘¥«‘∑¬“»“ µ√å‡°’Ë¬«°—∫Õ“À“√¢Õßæ◊™ π—°‡√’¬π

°≈ÿà¡π’È‡¢â“„®«à“ πÈ”·≈–·√à∏“µÿ‡ªìπÕ“À“√¢Õßæ◊™

®“°°“√«‘‡§√“–Àå·π«§‘¥‡√◊ËÕß∫∑∫“∑¢Õß

Õ‘‡≈Á°µ√Õπ„π°√–∫«π°“√ —ß‡§√“–Àå¥â«¬· ß (Table

3) æ∫«à“ π—°‡√’¬π™—Èπ ¡. 4 ´÷Ëß¬—ß‰¡à‡§¬‡√’¬π‡°’Ë¬«

°—∫Õ‘‡≈Á°µ√Õπ¡“°àÕπ ¬—ß‰¡à “¡“√∂Õ∏‘∫“¬·π«§‘¥

‡√◊ËÕßπ’È‰¥â Õ¬à“ß‰√°Áµ“¡·¡âπ—°‡√’¬π™—Èπ ¡. 5 ´÷Ëß‡æ‘Ëß

‡√’¬π‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß·≈â« °Á‰¡à “¡“√∂

∫Õ°∂÷ß§«“¡ ”§—≠¢Õß°“√∂à“¬∑Õ¥Õ‘‡≈Á°µ√Õπ∑’Ë‡°‘¥

¢÷Èπ„πªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå¥â«¬· ß‰¥â ¡’π—°‡√’¬π™—Èπ

¡. 5 ‡æ’¬ß√âÕ¬≈– 31 ‡∑à“π—Èπ∑’Ë‡¢â“„®«à“°“√∂à“¬∑Õ¥

Õ‘‡≈Á°µ√Õπ®–„Àâæ≈—ßß“π‡æ◊ËÕπ”‰ª √â“ß ATP

 ”À√—∫π—°‡√’¬π™—Èπ ¡. 6 ∑’Ë‡√’¬π‡√◊ËÕßÕ‘‡≈Á°µ√Õπºà“π

‰ª·≈â«∑—Èß„π«‘™“™’««‘∑¬“ ·≈– «‘™“‡§¡’ °≈—∫¡’‡æ’¬ß

√âÕ¬≈–20 ‡∑à“π—Èπ∑’Ë√Ÿâ∂÷ß∫∑∫“∑§«“¡ ”§—≠¢Õß

Õ‘ ‡≈Á°µ√Õπ∑’Ë ∂Ÿ °∂à “¬∑Õ¥¿“¬„πªØ‘°‘ √‘ ¬ “°“√

 —ß‡§√“–Àå¥â«¬· ß

‡¡◊ËÕæ‘®“√≥“§«“¡‡¢â“„®¢Õßπ—°‡√’¬π™à«ß™—Èπ∑’Ë 4

‡°’Ë¬«°—∫·π«§‘¥‡√◊ËÕß§≈Õ‚√øï≈≈å (Table 4) æ∫«à“

π—°‡√’¬π à«π„À≠à‡¢â“„®∂÷ß∫∑∫“∑¢Õß§≈Õ‚√øï≈≈å

«à“‡ªìπ√ß§«—µ∂ÿÀ√◊Õ “√∑’Ë¡’ ’‡¢’¬« “¡“√∂¥Ÿ¥°≈◊π

Table 2 Studentsû understandings of food.
Grader (s) Total

Categories 10th 11th 12th n=38
(n=15) (n=13) (n=10)

Scientific understanding 2 4 4 10
ë Plants are producers who make food through (13%)1/ (31%) (40%) (26%)

photosynthesis.  This gives glucose that is stored in
starch form.

Partial understanding 0 0 0 0
Partial understanding with misunderstanding 5 4 5 14

ë Plants can produce food by themselves.  This food is (73%) (70%) (60%) (69%)
water, minerals or fertilizer absorbed from soil, and
sugar from plantsû photosynthesis.

ë Plants photosynthesize to produce food.  This is
water, minerals, organic substances absorbed from
soil and used as photosynthesis materials.

ë Plants produce food by themselves.  Food is stored
into energy or fruits.

Non - scientific understanding 5 4 1 10
ë Plantsû food is water and minerals. (33%) (31%) (10%) (26%)

No answer or ç I do not understand photosynthesisé 3 1 0 4
(20%) (8%) (11%)

1/ percentage of students writing the concept statements in each grader.
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Table 3 Studentsû understandings of electron roles.
Grader (s) Total

Categories 10th 11th 12th n=38
(n=15) (n=13) (n=10)

Scientific understanding
ë Electron resulted from light energy transferreing to 0 4 2 6

its carriers and then releases the energy, ATP. (31%)1/ (20%) (16%)
Partial understanding

ë The electron role is related to producing energy in 0 4 3 7
photosynthesis. (31%) (30%) (18%)

Partial understanding with misunderstanding 0 0 0 0
Non - scientific understanding 3 1 2 6

ë Electron roles are related to gas exchange of (20%) (7%) (20%) (16%)
photosynthesis.

No answer or çI do not understandé 12 4 3 19
(80%) (31%) (30%) (50%)

1/ percentage of students writing the concept statements in each grader.

Table 4 Studentsû understandings of chlorophyll.
Grader (s) Total

Categories 10th 11th 12th n=38
(n=15) (n=13) (n=10)

Scientific understanding
ë Chloroplasts have green substances called chlorophyll. (7%)1/ (8%) (10%) (8%)

This absorbs light energy for photosynthesis.
Partial understanding 0 2 1 3

ë Chloroplasts are the site of photosynthesis. (16%) (10%) (8%)
ë Chlorophyll is the site of oxidation-reduction of

photosynthesis.
Partial understanding with misunderstanding 0 0 0 0
Non - scientific understanding 0 0 0 0

ë Chlorophyll is important for photosynthesis.
No answer or ç I do not understandé 0 4 6 10

(31%) (60%) (26%)
1/ percentage of students writing the concept statements in each grader.

· ß‰¥â ·≈–‡ªìπ∫√‘‡«≥∑’Ë‡°‘¥°“√ —ß‡§√“–Àå¥â«¬· ß

·µà¡’π—°‡√’¬π‡æ’¬ß√âÕ¬≈– 8 ∑’Ë “¡“√∂√–∫ÿ∂÷ß°“√

∑”ß“π¢Õß§≈Õ‚√øï≈≈å«à“¡’√–∫∫· ß (photosystem)

∑”Àπâ“∑’Ë‡ªìπÀπà«¬√—∫· ß∑’Ë “¡“√∂¥Ÿ¥°≈◊πæ≈—ßß“π

· ß‰¥â  ”À√—∫π—°‡√’¬π™—Èπ ¡. 5 ¡’π—°‡√’¬π‡æ’¬ß 1 §π

(n = 13) ∑’Ë¡’·π«§‘¥∑“ß«‘∑¬“»“ µ√å ¡∫Ÿ√≥å‡°’Ë¬«

°—∫∫∑∫“∑¢Õß§≈Õ‚√øï≈≈å

®“°°“√«‘‡§√“–Àå·π«§‘¥¢Õßπ—°‡√’¬π™à«ß™—Èπ∑’Ë

4 ‡√◊ËÕß·À≈àßæ≈—ßß“π¢Õß°“√ —ß‡§√“–Àå¥â«¬· ß (Table

5) æ∫«à“ ¡’π—°‡√’¬π‡æ’¬ß√âÕ¬≈– 21 ∑’Ë‡¢â“„®«à“· ß

Õ“∑‘µ¬å‡ªìπ·À≈àßæ≈—ßß“πµ“¡∏√√¡™“µ‘‡æ’¬ß·À≈àß

‡¥’¬«¢Õß°“√ —ß‡§√“–Àå¥â«¬· ß ·≈–‡¡◊ËÕæ‘®“√≥“
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Table 5 Studentsû understandings of energy resource.
Grader (s) Total

Categories 10th 11th 12th n=38
(n=15) (n=13) (n=10)

Scientific understanding
ë Sun is energy resource.  It provides light energy for 2 4 4 10

plants. (13%)1/ (31%) (40%) (26%)
Partial understanding 0 0 0 0
Partial understanding with misunderstanding 12 9 6 10

ë Soil, sun, CO2, H2O and minerals are energy (80%) (69%) (60%) (8%)
resources, because these are plant materials and
plants use these to grow and to produce food.

ë CO2 is energy resource because plants get the energy
from respiration.

ë Sun and CO2 are energy resource because plants get
the energy from respiration and photosynthesis.

Non - scientific understanding 1 0 0 1
ë Energy resource is everything. (7%) (3%)

No answer or ç I do not understandé 0 0 0 0
1/ percentage of students writing the concept statements in each grader.

‡ªìπ√–¥—∫™—Èπ æ∫«à“ π—°‡√’¬π™—Èπ ¡. 4 √âÕ¬≈– 87

π—°‡√’¬π™—Èπ ¡. 5 √âÕ¬≈– 69 ·≈– π—°‡√’¬π™—Èπ ¡. 6

√âÕ¬≈– 60 ¡’·π«§‘¥§≈“¥‡§≈◊ËÕπ«à“ πÕ°®“°· ß

Õ“∑‘µ¬å·≈â«æ◊™¬—ß‰¥â√—∫æ≈—ßß“π®“°·À≈àßæ≈—ßß“π

Õ◊Ëπ Ê Õ’° ‡™àπ ¥‘π πÈ” ·√à∏“µÿ ·≈–§“√å∫Õπ‰¥ÕÕ°‰´¥å

µ—«Õ¬à“ß‡Àµÿº≈∑’Ëπ—°‡√’¬π„™âÕ∏‘∫“¬·π«§‘¥π’È°Á§◊Õ

ç·À≈àßæ≈—ßß“π §◊Õ §“√å∫Õπ‰¥ÕÕ°‰´¥å ·≈–

æ√–Õ“∑‘µ¬å ‡æ√“– æ◊™®–‰¥â√—∫æ≈—ßß“π®“°°“√

À“¬„®·≈–°“√ —ß‡§√“–Àå¥â«¬· ßé

·π«§‘¥‡°’Ë¬«°—∫§«“¡ —¡æ—π∏å√–À«à“ß °“√

 —ß‡§√“–Àå¥â«¬· ß°—∫°“√À“¬„®®—¥‡ªìπªí≠À“Àπ÷Ëß∑’Ë

æ∫‰¥â®“°º≈°“√«‘®—¬π’È (Table 6) ‚¥¬ª°µ‘‡¡◊ËÕæ◊™

‰¥â√—∫· ß ªØ‘°‘√‘¬“∑’Ë„™â· ß (light independent

reaction) ®–¥”‡π‘π°“√ √â“ßº≈‘µ¿—≥±å∑’Ëæ◊™®–π”‰ª

„™â‡ªìπ«—µ∂ÿ¥‘∫„πªØ‘°‘√‘¬“∑’Ë‰¡à„™â· ß (light dependent

reaction) À√◊ÕÕ’°π—¬Àπ÷Ëß Õ“®°≈à“«‰¥â«à“ ‡¡◊ËÕæ◊™‰¥â

√—∫· ß„π√–¥—∫∑’Ëæ◊™ “¡“√∂ √â“ßº≈‘µ¿—≥±å®“°

ªØ‘°‘√‘¬“· ß‰¥â·≈â« æ◊™°Á‰¡à®”‡ªìπµâÕß‰¥â√—∫· ß

‡æ◊ËÕ°“√‡°‘¥ªØ‘°‘√‘¬“∑’Ë‰¡à„™â· ßµàÕ‰ª ·µà®“°°“√

«‘‡§√“–Àå·π«§‘¥¢Õßπ—°‡√’¬π æ∫«à“ ¡“°°«à“√âÕ¬≈–

50 ¢Õßπ—°‡√’¬π™à«ß™—Èπ∑’Ë 4 ¡’·π«§‘¥§≈“¥‡§≈◊ËÕπ

‡°’Ë¬«°—∫™à«ß‡«≈“¢Õß°“√ —ß‡§√“–Àå¥â«¬· ß°—∫°“√

À“¬„®¢Õßæ◊™ ‡™àπ ç°“√ —ß‡§√“–Àå¥â«¬· ß·≈–°“√

À“¬„®‡°‘¥¢÷Èπ‡©æ“–µÕπ°≈“ß«—πé ç°“√ —ß‡§√“–Àå

¥â«¬· ß‡°‘¥¢÷ÈπµÕπ°≈“ß«—π·≈–„Àâ O2 °“√À“¬„®

‡°‘¥¢÷ÈπµÕπ°≈“ß§◊π·≈–§“¬ CO2é

 √ÿª «‘®“√≥å ·≈–¢âÕ‡ πÕ·π–

®“°º≈°“√ ”√«®·π«§‘¥‡√◊ËÕß°“√ —ß‡§√“–Àå

¥â«¬· ß¢Õßπ—°‡√’¬π™à«ß™—Èπ∑’Ë 4 ‚¥¬„™â·∫∫ ”√«®

·π«§‘¥∑’Ëª√–¬ÿ°µå®“° Barker (1985) æ∫«à“ º≈°“√

«‘®—¬π’È Õ¥§≈âÕß°—∫º≈°“√«‘®—¬∑’Ëºà“π¡“¢Õß Anderson,

Sheldon and Dubay (1990); Barker (1985); Ozay and

Oztas (2003); Wandersee (1985) °≈à“«§◊Õ  ‘Ëß∑’Ë

π—°‡√’¬πæ¬“¬“¡Õ∏‘∫“¬„π·∫∫ ”√«® §◊Õ °“√
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Table 6 Studentsû understandings of photosynthesis and plant respiration.
Grader (s) Total

Categories 10th 11th 12th n=38
(n=15) (n=13) (n=10)

Scientific understanding
ë Plants photosynthesize when they receive light in 0 1 0 1

light reaction.  Also the reaction product is used in (7%)1/ (3%)
dark reaction where light is not needed.
Plants respire all time because they need food
catabolism to produce energy.

 Partial understanding 2 4 3 9
ë Photosynthesis takes place in daylight, because light (13%) (31%) (30%) (24%)

is energy source
Plants respire all the time to produce energy through
catabolism of food.

ë Photosynthesis takes place in light.
Respiration is using of energy to grow plants.

Partial understanding with misunderstanding 10 4 6 20
ë Photosynthesis take place in light. (67%) (31%) (60%) (3%)

Respiration is using of energy to grow plants.
ë Photosynthesis take place in daylight because the

sun provides most of enegy here.
Plant respire all time.

ë Plants photosynthesize at noon and release oxygen.
Plants respire at night and release carbon dioxide.

ë Photosynthesis takes place anytime.
Respiration takes place all time.  Plants absorb
carbon dioxide and release oxygen.

Non - scientific understanding 0 0 0 0
No answer or ç I do not understandé 2 0 1 3

(13%) (10%) (8%)
1/ percentage of students writing the concept statements in each grader.

æ¬“¬“¡‡≈’¬π·∫∫·≈–°“√∑àÕß®”‡π◊ÈÕÀ“®“°·∫∫

‡√’¬π¡“°°«à“®–· ¥ß§«“¡‡¢â“„®∑’Ë·∑â®√‘ß¢Õßµπ

ÕÕ°¡“ ÷́Ëß ‘Ëß∑’Ë· ¥ß∂÷ß¢âÕ √ÿªπ’È°Á§◊Õ §«“¡·µ°

µà“ß√–À«à“ß§”Õ∏‘∫“¬¢Õßπ—°‡√’¬π‡¡◊ËÕµÕ∫§”∂“¡

ç°“√ —ß‡§√“–Àå¥â«¬· ß§◊ÕÕ–‰√é (Table 1) ·≈–

çÕ“À“√¢Õßæ◊™§◊ÕÕ–‰√é (Table 2) ´÷Ëß§”∂“¡·√°

π—Èπ‡ªìπ§”∂“¡∑’Ë‡§¬∂Ÿ°∂“¡‰«â„πÀπ—ß ◊Õ·∫∫‡√’¬π

æ∫«à“π—°‡√’¬π™à«ß™—Èπ∑’Ë 4 ¡“°°«à“√âÕ¬≈– 80 (13 +

69) ‡¢’¬π ¡°“√°“√ —ß‡§√“–Àå¥â«¬· ß‰¥â∂Ÿ°µâÕß

·≈–¬—ß “¡“√∂Õ∏‘∫“¬‰¥â«à“°“√ —ß‡§√“–Àå¥â«¬· ß

§◊Õ°“√ √â“ßÕ“À“√¢Õßæ◊™´÷ËßÕ“À“√π’È°Á§◊ÕπÈ”µ“≈

Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ„Àâπ—°‡√’¬π· ¥ß§«“¡‡¢â“„®¢Õß

µπ«à“ çÕ“À“√¢Õßæ◊™ §◊ÕÕ–‰√é (Table 2) °≈—∫¡’

π—°‡√’¬π‡æ’¬ß√âÕ¬≈– 26 ‡∑à“π—Èπ∑’ËÕ∏‘∫“¬«à“πÈ”µ“≈§◊Õ

Õ“À“√¢Õßæ◊™ „π¢≥–∑’Ëπ—°‡√’¬πÕ’°√âÕ¬≈– 37 ¡’

·π«§‘¥∑’Ë§≈“¥‡§≈◊ËÕπ«à“∑—ÈßπÈ”µ“≈ πÈ” ·√à∏“µÿ ªÿÜ¬
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·≈–¥‘π µà“ß°Á ‡ªìπÕ“À“√¢Õßæ◊™¥â«¬‡™àπ°—π

πÕ°®“°π’È¬—ßæ∫«à“π—°‡√’¬πÕ’°√âÕ¬≈– 26 §‘¥«à“ πÈ”

·≈–ªÿÜ¬ ‡∑à“π—Èπ∑’Ë‡ªìπÕ“À“√¢Õßæ◊™

π—°‡√’¬π™à«ß™—Èπ∑’Ë 4 ¡“°°«à“√âÕ¬≈– 50

(Table 2) ¡’·π«§‘¥§≈“¥‡§≈◊ËÕπ‡°’Ë¬«°—∫°“√

 —ß ‡§√“–Àå¥â«¬· ß∑’Ë §≈â “¬°—∫·π«§‘¥¢Õßπ—°

«‘∑¬“»“ µ√å„πÕ¥’µ µ—«Õ¬à“ß‡™àπ·π«§‘¥¬àÕ¬‡°’Ë¬«°—∫

æ◊™·≈–Õ“À“√¢Õßæ◊™´÷Ëß Van Helmont (Wandersee,

1985: 593) ‡™◊ËÕ«à“ çÕ“À“√¢Õßæ◊™ §◊Õ πÈ” ∑’Ëæ◊™¥Ÿ¥

´÷¡‰¥â®“°¥‘πé ·≈–‡¡◊ËÕæ‘®“√≥“ ·π«§‘¥¢Õß

π—°‡√’¬π„π·µà≈–√–¥—∫™—Èπ æ∫«à“ π—°‡√’¬π™—Èπ ¡. 4

¡. 5 ·≈– ¡. 6 µà“ß¡’·π«§‘¥∑’Ë§≈“¥‡§≈◊ËÕπ‡°’Ë¬«°—∫

æ◊™·≈–Õ“À“√¢Õßæ◊™ ´÷ËßÕ“®°≈à“«‰¥âÕ’°π—¬Àπ÷Ëß«à“

π—°‡√’¬π¡’·π«§‘¥§≈“¥‡§≈◊ËÕπµ—Èß·µà°àÕπ‡√’¬π‰ª®π

°√–∑—ËßÀ≈—ß‡√’¬π‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß®∫·≈â«

„π™à«ß™—Èπ∑’Ë 4

·π«§‘¥‡°’Ë¬«°—∫∫∑∫“∑¢ÕßÕ‘‡≈Á°µ√Õπ„π

°√–∫«π°“√ —ß ‡§√“–Àå¥â«¬· ß‡ªìπ·π«§‘¥∑’Ë

π—°‡√’¬π¡’§«“¡‡¢â“„®πâÕ¬∑’Ë ÿ¥ ‡æ√“–∂÷ß·¡âπ—°‡√’¬π™—Èπ

¡. 5 ·≈–™—Èπ ¡. 6 ®–‡§¬‡√’¬π‡°’Ë¬«°—∫°“√∂à“¬∑Õ¥

Õ‘‡≈Á°µ√Õπ¡“·≈â«∑—Èß„π«‘™“™’««‘∑¬“·≈–«‘™“‡§¡’ ·µà

π—°‡√’¬π∑—Èß Õß√–¥—∫™—Èπ¬—ß‰¡à “¡“√∂‡™◊ËÕ¡‚¬ß§«“¡

 —¡æ—π∏å√–À«à“ß§«“¡√Ÿâ∑—Èß Õß “¢“π’È‰¥â µ—«Õ¬à“ß‡™àπ

§«“¡√Ÿâ‡°’Ë¬«°—∫æ—π∏–‡§¡’ ®– —¡æ—π∏å°—∫§«“¡√Ÿâ‡√◊ËÕß

°“√§“¬æ≈—ßß“π¢ÕßÕ‘‡≈Á°µ√Õπ„π§≈Õ‚√øï≈≈å∑’ËÕ¬Ÿà

„π ¿“«–°√–µÿâπ (excited state) ‚¥¬· ß‰ª Ÿà

 ¿“«–∑’Ë‡ ∂’¬√ (ground state) ¥—ßπ—Èπ ‘Ëß ”§—≠µàÕ

°“√æ—≤π“°“√ Õπ‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß

ª√–°“√Àπ÷Ëß °Á§◊Õ §«√¡’°“√∑∫∑«π ·π « §‘ ¥ æ◊È π

∞“π∑“ß‡§¡’¢Õßπ—°‡√’¬π‡°’Ë¬«°—∫‚§√ß √â“ßÕ–µÕ¡

æ—π∏–‡§¡’ ·≈–°“√∂à“¬∑Õ¥æ≈—ßß“π„Àâ°—∫π—°‡√’¬π

°àÕπ‡√’¬π‡√◊ËÕßªØ‘°‘√‘¬“∑’Ë„™â· ß¢Õß°“√ —ß‡§√“–Àå

¥â«¬· ß

·π«§‘¥‡°’Ë¬«°—∫§«“¡ —¡æ—π∏å√–À«à“ß°“√

 —ß‡§√“–Àå¥â«¬· ß°—∫°“√À“¬„®¢Õßæ◊™ ‡ªìπÕ’°

·π«§‘¥Àπ÷Ëß∑’Ëπ—°‡√’¬π™à«ß™—Èπ∑’Ë 4 ¡“°°«à“√âÕ¬≈– 53

(Table 6) ¡’·π«§‘¥∑’Ë§≈“¥‡§≈◊ËÕπ π—°‡√’¬π∫“ß§π

‡¢â“„®«à“æ◊™À“¬„®‡©æ“–µÕπ°≈“ß§◊π ‡æ√“–µÕπ

°≈“ß«—πæ◊™µâÕß —ß‡§√“–Àå¥â«¬· ß ÷́Ëß„πª√–‡¥Áππ’È

Haslam and Treagust (1987) ‰¥â«‘‡§√“–Àå‰«â«à“

‡π◊ÈÕÀ“‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß ·≈–°“√À“¬„®

¢Õßæ◊™ ‡ªìπ‡π◊ÈÕÀ“∑’Ë¡’§«“¡ —¡æ—π∏å°—π ÷́Ëß∂â“§√ŸºŸâ

 Õπ “¡“√∂«‘‡§√“–Àå‡π◊ÈÕÀ“À≈—° Ÿµ√‡æ◊ËÕπ”¡“

®—¥°“√‡√’¬π°“√ Õπ‡√◊ËÕß°“√ —ß‡§√“–Àå¥â«¬· ß·≈–

°“√À“¬„®„π«‘™“™’««‘∑¬“¥â«¬µπ‡Õß √«¡∑—Èß„Àâ

§«“¡ ”§—≠°—∫°“√‡√’¬ß≈”¥—∫‡π◊ÈÕÀ“À√◊Õ·π«§‘¥∑’Ë

π—°‡√’¬π¡—°‡¢â“„®§≈“¥‡§≈◊ËÕπ ¥—ß‡™àπ°√≥’¢Õß°“√

 —ß‡§√“–Àå¥â«¬· ß°—∫°“√À“¬„® °ÁÕ“®™à«¬≈¥

ªí≠À“°“√‡°‘¥§«“¡‡¢â“„®·π«§‘¥∑’Ë§≈“¥‡§≈◊ËÕπ‰¥â

¥—ßπ—Èπ °“√®—¥°“√‡√’¬π°“√ Õπ‡√◊ËÕß°“√

 —ß‡§√“–Àå¥â«¬· ß ”À√—∫π—°‡√’¬π™à«ß™—Èπ∑’Ë 4 §√Ÿ

§«√µ√«® Õ∫·≈–∑∫∑«π§«“¡√Ÿâ‡¥‘¡¢Õßπ—°‡√’¬π

‡°’Ë¬«°—∫æ≈—ßß“π·≈–ªØ‘°‘√‘¬“‡§¡’„π ‘Ëß¡’™’«‘µ √«¡

∑—ÈßÀ¬‘∫¬°·π«§‘¥∑’Ë§≈“¥‡§≈◊ËÕπ¢Õßπ—°‡√’¬π¡“‡ªìπ

ª√–‡¥Áπ„Àâπ—°‡√’¬π‰¥âÕ¿‘ª√“¬ ∑—Èßπ’È‡æ◊ËÕ™à«¬„Àâ§√Ÿ

‰¥â√—∫∑√“∫·≈–‡µ√’¬¡Àπ∑“ß·°â‰¢·π«§‘¥§≈“¥

‡§≈◊ËÕπ∑’Ëµ‘¥µ—«¡“°—∫π—°‡√’¬π‰¥â¥’¬‘Ëß¢÷Èπ πÕ°®“°π’È

§√Ÿ§«√‡ªî¥‚Õ°“ „Àâπ—°‡√’¬π‰¥â‡™◊ËÕ¡‚¬ß§«“¡

 — ¡æ—π∏å √ –À«à “ ß° “√ — ß ‡ §√ “–Àå ¥â « ¬· ß°— ∫

°√–∫«π°“√À“¬„® ·≈–À¬‘∫¬°‡√◊ËÕß√“«°“√§âπæ∫

§«“¡√Ÿâ ‡ √◊Ë Õ ß° “ √ — ß ‡ § √ “–Àå ¥â « ¬· ß¢Õßπ— °

«‘∑¬“»“ µ√å„πÕ¥’µ¡“„Àâπ—°‡√’¬πÕ¿‘ª√“¬·≈–

«‘‡§√“–Àå«à“·π«§‘¥π—ÈπÊ  Õ¥§≈âÕß°—∫·π«§‘¥

«‘∑¬“»“ µ√å„π¬ÿ§ªí®®ÿ∫—πÀ√◊Õ‰¡à ‡æ√“–‡Àµÿ„¥

‡Õ° “√Õâ“ßÕ‘ß

°√–∑√«ß»÷°…“∏‘°“√. 2532. √“¬ß“π°“√»÷°…“·π«

§«“¡§‘¥∑’Ë§≈“¥‡§≈◊ËÕπ·≈–§«“¡‡¢â“„®º‘¥„π∫∑
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