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଼๑ɶɾٽࠄʱۼɣƐ҉ƔനदζஞƔטຆ˄ʶ̅ʍઢӄ

᪸ડʱࡰޟɶɾƑɼʍٗѢƐ҉ʍਕљʊʃɣʅʎ 49ǡƐ

ʊʃɣʅʎࢭڄ 20ǡʇीଜɶɾƑനदζஞ˄ʶ̅ʊʃɣʅ

ʎƐζஞ֧ʱ 14ǡࢬƐɡʪɣʎ 26ǡҼɶɾʇɬʊ

ઢӄ᪸ડʇʉʂɾƑʝɾטຆ˄ʶ̅ʊʃɣʅʎƐޖٽࠄљ

ࠖʎˢƪ˓˵˽Ԩࣣʆ૰সؼʱൈۼɶɾʇɬƐ22mΤ

ࣣʍ౨خʱߡʃЗږʍൈؼۼʊʃɣʅʎՔʄɪʉɪʂɾƑ

ɲʫʨʍ৸ݴʱ଼๑ɶƐ˸ƪˈƪʱഐʊॣตɴʫɾ

Ԩௐʆึɸʪɣɮʃɪʍࠄڇ RDWʴ˽ˆ˼ˌ˲ɫଥ

ɴʫʅɣʪࢥ [4]Ƒɲʫʨʍʴ˽ˆ˼ˌ˲ʊɩɰʪ҉˄ʶ

̅ʎφଜʆʎʉɮƐRDW ʍ଼๑౹Ωʱەɱʪࣣʆʎஞ

ʊഷѓɸʪ˄ʶ̅ʱʧʩմɸʪ๗ɫɡʪʇ۵ɧʪƑ

Grechkin et al.[3]ʎƐטຆ˄ʶ̅ʇനदζஞ˄ʶ̅ʍ 2

ຆ˄ʶ̅ʍઢӄ᪸ડʊטʊ଼๑ɶƐߢʱடݴʍઢӄ৸࠱

ɸʪۄѢʱ૦݀ɶɾƑɼʍٗѢƐޖљࠖɫڎലʊৌ

ʉۈإʊ࡞ɥɲʇʎʉɪʂɾɫƐטຆ˄ʶ̅ʊɸʪઢӄ

᪸ડʎഥןʊʎനदζஞ˄ʶ̅ʍਕљʇʇʡʊࢭڄɶɾƑ

ɲʍٰ֖ʍʧɥʊƐɴʝɵʝʉ࠱ʍઢӄ৸ݴʍৠʞʮ

ɺʱɴʨʊ٫ஒɸʪ๗ɫɡʪʇ۵ɧʪƑ

2. ٰ֖

Ԫໞٰ֖ʇ˺ƪൣۈɩʧʒ˿ƪ˽ൣۈʍϷஞઢӄʍԪໞ

१ʊՂʄɬƐචٰ֖ʆʎ˺ƪൣۈʇ˿ƪ˽ൣۈʍ৸ݴԨʍ

๑ʊʃɣʅ૦ʘʪɲʇʱʇɶɾƑචٰ֖ʆʎறݴکਂ

ʊ˺ƪൣۈɩʧʒ˿ƪ˽ൣۈʍ˄ʶ̅ʱφଜડʊڑଜɴɺ

ɾ࣪ʊહɶƐۅధ˄ʶ̅ʊʧʪऩԨʍטຆઢӄʗʍϾ

ʱ٫ࣘɶɾƑ

3. ٽࠄ

3.1 ௐๆٽࠄ

3.1.1 љࠖޖٽࠄ

චٽࠄʎ 16ʍޖٽࠄљࠖʊɶۼʮʫɾƑޖٽࠄљࠖ

ʎɣɹʫʡ 20ਜ਼ʆɡʩƐટ१ɫ 9Ɛ१ɫ 3ʆɡʂɾƑ

ಙࠖٽʍɥʀ 8ʎ HMDʍެ๑ٽؼɫɡʂɾƑಙࠖٽʊ

ʎɡʨɪɷʠݣࠄʇʎεʉʪٽࠄƸǄݴߒɶɾVRˉˋ

˘˲ʍೆїٽࠄǅƹʱɧƐචٽࠄʊɸʪߚৈઢ߳ʱ฿ɧ

ʉɪʂɾƑৌʅʍಙࠖٽʎ९࣭ʉߏອƐɡʪɣʎ९ߏອ

ʱอɶʅɣɾƑ

3.1.2 २ۥ˲˘ˋˉ

චٽࠄʎ 4m×3mʍцௐԨʊʅۼʮʫɾƑऺ 3ʊߪɶ

ʅɣʪʧɥʊƐޖٽࠄљࠖʎ HTC Vive HMD ʱહɶƐ

HTC Vive ˅̅˚˿ƪ˻ƪʱߡࢊɶɾࣳੌʆٽࠄʊີʲɿƑ

HMD ʍ҈ਔ୩ʎຜԵʇʡʊ 1080×1280 ˦ˁˍ˽ʆɡʩƐ

˧˾ƪ˲˾ƪ˚ʎ 90HzƐߏฐӅʎɩʧɼ 110୩ʆɡʂɾƑ

HMD ɩʧʒ˅̅˚˿ƪ˻ƪʍ݈ೀʇ҉ӅʎঐҤসˍ̅

ˇʊʧʂʅ٫ઢɶɾƑ

3.1.3 ೆїೀ

ঢٰ֖ۼʊਝʩƐචٽࠄʆʎৌʅʍಙࠖٽʊɶ two al-

ternative forced-choice(2AFC) ˑˋˁ [5] ʇڐʏʫʪূ੨

ѳʱѳɶɾƑ2AFCˑˋˁʎƐɡʪࠃฆʊɶɼʍ९ڷ

(a) (b)

(c)

ऺ 2: كʍঙٽࠄ (a) ʍํࠖٽʍಙߢٽࠄ (b) ʆ๑ٽࠄ

ɣɾˢƪ˓˵˽Ԩ (c) ˢƪ˓˵˽Ԩʍཛྷᗢऺ

ʱฆɥ Yes-No ˑˋˁʇಐӇɶʅূ੨ˢʶʴˋɫॲɷʪњ

ఉ१ɫକɣɲʇɫܼߪɴʫʅɣʪ [10]Ƒචٽࠄʆʎಙࠖٽ

ʊɶƐǄݣࠄʊൈɣɾؼʎʈʀʨʊטɫʂʅɣɾʇԈɷ

ʝɶɾɪƗǅʇɣɥࠃฆʊǄϞǅʝɾʎǄܾǅʇɣɥূ੨ߌ

ɪʨূ੨ɸʪѳʱѳɶɾƑ

3.1.4 Ѿكٽࠄ

චٽࠄʎޖљࠖௐكѾʆƐৌʅʍޖٽࠄљࠖʎ 3×8ʍ 24

ࣰٛʊɶҺ 4 كʍۼߒ 96 ధ˄ʶ̅ʊۅʂɾƑۼʱۼߒ

ʃɣʅʎƐʉɶƔϞђɫʩۅధƔܾђɫʩۅధʍ 3 ࣰٛʱ

ঙଜɶƐۅధʍડʎ 1.65◦ ʇɶɾƑטຆ˄ʶ̅ʎטຆ 0.1Ɛ

0.05Ɛ0.025Ɛ0.0125 ʍ 4 ຆטʍ࠱ (ɸʉʮʀטຆ౨خ

10mƐ20mƐ40mƐ80m)ʱܾϞຜൣۈʊଥߪɸʪ 8ࣰٛʱ

ঙଜɶɾƑٽࠄʎԂৌݴγʆۼʂɾƑ

3.1.5 ࢇࠬٽࠄ

ٽࠄ 1ʇடํʊƐޖٽࠄљࠖʎۼߒʱҟɸʪৈʊٽࠄ

ʊʃɣʅʍজʱ࠷ɰƐߚৈʴ̅˃ƪ˚ʊ҉ஊɶɾƑۼߒ

ʍҟߢʊƐޖٽࠄљࠖʎцௐʱɶɾഥઇʉˢƪ˓˵˽

ԨௐʊధપɴʫƐৈൣʍയ෮ʊɡʪҙःʍЗಁࣳʍʼ˨

ˊʹˁ˚ʇࢰ෮ʍॾɣʽƪˬ˕˚ʼ˨ˊʹˁ˚ʱϏʊƐɩ

ʧɼ 3.5mʝʂɸɯൈۼɶɾƑയ෮ʝʆൈۼɸʪԨʊƐˢƪ

˓˵˽Ԩʱ˻̅˒˲ʊ଼๑ɴʫɾטຆ˄ʶ̅ɩʧʒۅధ

˄ʶ̅ʊਞɶʅ҉ɶɾƑɲʫʊʧʩƐޖٽࠄљࠖʎˢƪ

˓˵˽Ԩʆʎ૰সࣣʱൈɮϿਔʱٵʉɫʨƐࠄڇԨʆ
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ʎטຆ˄ʶ̅ʊਞɶɾטসؼʱൈۼɶɾƑ

ൈۼɫࡊນɶɾگƐޖٽࠄљࠖʎ 2AFCˑˋˁʊ҉ஊɶ

ɾƑ҉ஊʎ˅̅˚˿ƪ˻ƪʍ௬ອʊʧʂʅۼʮʫɾƑ҉ஊ

ɫࡊນɶɾگƐˢƪ˓˵˽Ԩʱߣʍۼߒʍࢀಡʍɾʠʊ

๑ίɶɾʡʍʊঔʩɧƐޖٽࠄљࠖʎʼ˨ˊʹˁ˚ʱ

ϏʊߣʍۼߒʍҟણʊζஞɶɾƑζஞɫԂນɸʪʇ

ʒˢƪ˓˵˽ԨɫঔʩʮʩƐޖٽࠄљࠖʎߣʍۼߒʱ

ҟɶɾƑ

Τࣣʍۼߒʱ ʂɾƑ5ഒۼʱׂʲʆزƐ1҉ʍ։ۼߒ96

Ԩʍ։زʱʠƐٽࠄৌʎɩʧɼ 60ഒʆۼʮʫɾƑ

3.2 ٗѢ

3.2.1 ຆ˄ʶ̅ʍઢӄ᪸ડט

ɸʪɾʠƐ2AFCˑˋˁʍࡰޟధ˄ʶ̅ʍઢӄ᪸ડʱۅ

҉ஊ˙ƪˑʊɶƐPsignifit3 [2]ʇɣɥ Pythonˣ˕˃ƪ

ˊʱ๑ɣʅʽƪ˨˧ʵ̞ ˘ʵ̅˂ʱۼɣƐಙࠖٽɳʇʊԈӄ

ֽ୩טসʱமɾƑ˧ʵ̞ ˘ʵ̅˂ʊʎΤђʊߪɸˉ˂˴ʶ˛

Ԫॐʱ๑ɣɾ:

y = γ +
1− γ − λ

1 + exp(x−b

a
)

(1)

ɲɲʆ γ ɩʧʒ λʎׯડƐa ɩʧʒ bʎ˧ʵ̞ ˘ʵ̅˂

ˣ˻˳ƪˑʆɡʪƑ

ऺʊҺࣰٛʊɩɣʅޖٽࠄљࠖɫǄϞǅʇஊɧɾӂຆʍ

˩˿˕˚ƐɩʧʒԈӄֽ୩טসʍແʱߪɸƑʝɾƐҺۅధ

˄ʶ̅ʊɩɰʪטຆ˄ʶ̅ʍ PSE ɩʧʒҺൣۈʗʍઢӄ

᪸ડʍৌޖљࠖഥןʱʊߪɸƑऺʊߪɸʧɥʊƐචٽࠄ

ʆமʨʫɾޖٽࠄљࠖɳʇʍטຆઢӄʎڎऩܿɫɬɮƐ

PSEɩʧʒઢӄ᪸ડʍഒޚʎɬɮʉʂɾƑɼɲʆƐৌޖ

љࠖʍ PSEɩʧʒઢӄ᪸ડʊɶˠ̅ˣ˻˳˚˼˕ˁ٫ଜ

ʆɡʪ˧˼ƪ˛˰̅٫ଜʱۼʂɾʇɲʬƐܾൣۈʍטຆઢ

ӄʊʃɣʅʎอίुࢀ 5%ʆอίܿɫமʨʫɾ ([χ2=9.125,

p = .01044]) ɫƐɼʍʍડʊʃɣʅʎอίܿɫமʨʫʉ

ɪʂɾ (PSE: [χ2=3.875, p > .05] Ϟൣۈʍטຆ˄ʶ̅:

[χ2=0.375, p > .05])Ƒ

 1: ຆ˄ʶ̅ʍט PSE ɩʧʒҺൣۈʗʍઢӄ᪸ડ

[/m](טຆʍೱડʎܾטɫʩƐ९ડʎϞטɫʩʱߪɸ))

ۈൣܾ PSE Ϟൣۈ

ధۅܾ -1.75 -0.29 1.16

ధۅ ʉɶ -1.46 0.01 1.48

Ϟۅధ -0.84 0.27 1.38

3.3 ޅ۵

චٽࠄʆࡰޟɴʫɾטຆ˄ʶ̅ʍઢӄ᪸ડʎƐঢٰ֖ۼ

ʆ൙ܘɴʫɾડʧʩʡɬɪʂɾ (ɸʉʮʀƐטຆ౨خɫࢬ

ɴɪʂɾ)ƑɲʍࠩʉڀϒʇɶʅʎƐऺ (b)ʊߪɸʧɥʊߪ

ɸʧɥʊטຆʱഒʊઢӄɸʪɲʇɫʆɬɹƐ˧ʵ̞ ˘ʵ̅

˂ɫɥʝɮɣɪʉɪʂɾޖٽࠄљࠖɫਵɪʂɾɲʇɫ֣ɱ

ʨʫʪƑɼʍำʇɶʅʎƐטຆ˄ʶ̅ʍঙଜ౹Ωɫ଼ঔ

(a) VRٽؼʍɡʪޖٽࠄљࠖʍԈӄֽ୩טস

(b) VRٽؼʍɣޖٽࠄљࠖʍԈӄֽ୩טস

ऺ 3: Ѣٗٽࠄ (ҺऺʊɩɣʅॾःʎܾђɫʩۅధƐຮःʎ

(ɸధࣰٛʱۅధ˄ʶ̅ʉɶƐঐःʎϞђɫʩۅ

ʆʉɪʂɾɲʇʣƐޖљࠖɳʇʊ HMDʱ๑ɣɾ VRٽؼ

ʊܿɫɡʂɾɲʇɫ۵ɧʨʫʪƑ

ຆʗʍઢӄ᪸ડʊʃטʍۈɴʫɾઢӄ᪸ડʎƐܾൣࡰޟ

ɣʅʎۅధࣰٛԈʊɩɰʪอίܿɫ௳ʠʨʫɾƑɲʍɲʇ

ɪʨƐܾൣۈʍטຆʗʍઢӄ᪸ડʎடൣۈʗʍۅధ˄ʶ̅

ђʊɩɣʅઢӄɴʫʣɸɮƐօʊϞൣۈʗʍۅధ˄ʶ̅ђ

ʊɩɣʅʎઢӄɴʫʊɮɮʉʂʅɣʪɲʇɫܼߪɴʫɾƑ

4. ٗ

චٰ֖ʆʎ˼˒ʶ˾ˁˉ˹̅ʊɩɣʅ˿ƪ˽ൣۈʍߏ

৸ݴʱ๑ɸʪࠬʊહɶƐறʊטຆ˄ʶ̅ʇۅధ˄ʶ

̅ʱφଜડʊڑଜɶɾࣰٛʊɩɰʪϾʱ૦ʘʪɲʇʱ

ʇɶɾƑ

љࠖޖٽࠄʣʊɩɣʅʎƐ˄ʶ̅ʍঙଜ౹ΩʍϾٽࠄ

ʊɩɰʪڎऩܿɫɬɪʂɾɲʇɪʨƐઢӄ᪸ડɫঢٰ֖ۼ

ʆ൙ܘɴʫɾડʧʩʡɬɮʉʂɾƑφൣʆƐචٰ֖ʆࡰޟ

ɴʫɾડʍʊɩɣʅʎƐܾטɫʩʍטຆʗʍઢӄ᪸ડʊ

ʃɣʅʎƐۅధ˄ʶ̅ʍൣۈʱഷɧʪɲʇʆอίܿɫ௳ʠ

ʨʫɾƑɲʍٗѢɪʨƐ˿ƪ˽ൣۈʍۅధ˄ʶ̅ʎ˺ƪൣ

ɸʪњఉ१ɫɡʪʇ۵ɧɾƑຆ˄ʶ̅ʗʍઢӄʊϾטʍۈ
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ʍୈංʇɶʅʎƐ˄ʶ̅ʍঙଜ౹Ωʱʧʩ଼ঔʉࣰگܩ

ٛʊഷۡɶƐۅధ˄ʶ̅ʊʧʪטຆ˄ʶ̅ʍઢӄʗʍϾ

ʱʧʩ९ӂʊ૦݀ɸʪɲʇɫ֣ɱʨʫʪƑ

ࠗ߯ චٰ֖ʎMEXTٰ֖ಛƸѳಀ 25230057ƹʍ२

ʱ࠷ɰɾʡʍʆɡʩƐɲɲʊҔʠʅࠗίʱɸƑචٰ֖ʎ

֮ӌӌϙ࣮൙ۑӌٰ֖ػѠʊɩɣʅٰ֖ຯए݀ʍ

ɰɾʡʍʆɡʪƑ࠷ʱ௳ࢳ
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