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國立清華大學竹師教育學院尹書田教育基金 

認知神經科學研究能量提升計畫結案報告 

本計畫回應竹師教育學院提升師生在認知神經科學與心理實驗研究方法專

業知識的需求，推動教育與腦神經科學的領域研究，協助提升師生未來在生理實

證研究的能力。是以本計畫預計完成主要目標有三：1.促進教育與心智科學等領

域之知識與技術整合，藉由觀察眼球移動、腦神經活動以探討學習與認知之歷

程，以及透過資料科學與學習科技之研究領域，來處理大腦神經訊號此大量數據

的解讀與推論，以期待未來各式穿戴式測量工具成熟時，可以應用於教育現場；

2.進行腦電波儀、功能性磁振造影與學習科技之技術訓練，並配合教育訓練課

程，推廣教育與心智科學研究之知識與技能，服務校內所有對大腦認知科學與認

知神經科學有興趣的師生；3.提供專業場地以利規劃與推動教育與心智科學相關

學分學程與課程、工作坊、演講、與科普活動，對學生與教師推廣教育與心智科

學研究之知識與技能，為學校儲備廣大研究人材庫。 

1. 學術專題講座：中心自 107 年 10 月起一連舉辦四場學術系列講座，邀請來自

新加坡國立大學、中國醫藥大學、高雄醫學大學、以及本校教育與心智科學

研究中心的四位專家學者，蒞校與師生分享他們寶貴的研究與教學經驗；數

場講座下來，講者與聽眾都形成良好互動，與會的師生都獲益良多，講內容

與資訊詳見下表。 
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107 年學術系列講座 

活動名稱：107 年度中心系列講座（第一場） 
環境因素對認知發育的影響: 以孕期用藥與腸胃道細菌為例 

 
時間：107 年 12 月 19 日 10：20-12：00 
地點：國立清華大學南大校區 第六會議室(行政大樓 B1) 
主講者：顏怡君博士/新加坡國立大學生理學系博士後研究員 
參與人數：28 人 
演講摘要：自閉症譜系障礙（ASD）是複雜的神經發育障礙的異質組，具有遺
傳易感性的證據。然而，有報告顯示，自 1996 年至 2007 年，美國自閉症病
例急劇增加。似乎自閉症的增加不僅僅是基因的原因。相反，環境風險因素可
能在觸發自閉症方面發揮更重要的作用。最近，產前抗抑鬱暴露和腸道紊亂（微
生物群失衡）與自閉症特徵有關。但是，潛在的機制仍然未知。因此，我的研
究旨在（i）檢查產前抗抑鬱藥的作用和（ii）了解腸道微生物群在腦部疾病中
的作用。 
活動效益：提升教育學院師生的研究軟實力，厚植竹師教育學院的研究能量。 
活動紀實：(照片記錄) 
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活動名稱：107 年度中心系列講座（第二場） 
臉孔辨識 : 成為本種族臉孔辨認專家的發展歷程與挑戰 
 
 
 
 
 
 
 
 
 
時間：107 年 10 月 31 日 10：20-12：00 
地點：國立清華大學南大校區 第一會議室 
主講者：簡惠玲老師中國醫藥大學 醫學院生物醫學研究所 副教授 
參與人數：34 人 

演講摘要：“種族”對於人類有深刻的影響。以臉孔知覺辨識為例，「他種族

效應」(other-race effect) 指的是成人在辨識自己種族臉孔的表現優於辨識其

他種族的臉孔。他種族效應的起源這十年來有所突破，跨文化研究發現小嬰兒

在滿三個月時，已顯示對於同種族臉孔的注視偏好，學者們普遍認為此效應可

能出現在六到九個月之間。更重要的是在人類早期認知與社會發展中，種族訊

息是第五個核心知識中很重要的成分，此核心知識攸關兒童如何建立社會夥伴

關係。本演講將介紹他種族效應在嬰兒期與兒童期的發展，以及學齡前兒童的

社交偏好如何受到種族和社經地位的影響，我們也將討論早期的種族偏誤對於

新南向政策帶來的啟發與警示。 

活動效益：提升教育學院師生的研究軟實力，厚植竹師教育學院的研究能量。 
活動紀實：(照片記錄) 
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活動名稱：107 年度中心系列講座（第三場）走出象牙塔的心理學 

 
時間：107 年 11 月 28 日 10：20-12：00 
地點：國立清華大學南大校區 1411 教室（行政大樓 4F） 
主講者：蔡宇哲老師/高雄醫學大學心理學系助理教授 
參與人數：23 人 

演講摘要： 心理學專業知識蓬勃成長，但卻依然不被大眾重視與理解；嚮往從

事心理學基礎研究的學生越來越少、越來越多學生與家長都在問畢業可以幹

嘛。這些問題從大到小，是近十年來一直沒有解決，且有越來越嚴重的趨勢。

心理學知識的普及與推廣不能只依賴專家學者，更好的方式是透過教學引導來

讓學生在學習過程中也進行心理學推廣的工作，如此一來不僅能讓學生對心理
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學知識上有更深刻的理解、更強烈的熱情，同時也讓更多人得以接觸到正確的

心理學資訊。講者將透過下列大綱來說明這個心理學知識普及方案。 

1.偽科學與假知識滿天飛，是心理學的原罪？ 

2.人人都愛心理學。 

3.心理學者走出象牙塔之必要。 

4.一魚兩吃的教學實踐：教學生進行心理學推廣 

5.方案模式簡介： 

   5-1 心理學文章、書籍撰寫 

   5-2 讓學生教導學生 

   5-3 將心理學知識結合在遊戲當中 

活動效益：提升教育學院師生的研究軟實力，厚植竹師教育學院的研究能量。 
活動紀實：(照片記錄) 

  

活動名稱：107 年度中心系列講座（第四場）使用者經驗如何增益學習經驗 

 
時間：107 年 12 月 19 日 10：20-12：00 
地點：國立清華大學南大校區 第六會議室(行政大樓 B1) 
主講者：王昭智博士/國立清華大學 教育與心智科學研究中心 博士後研究員 
參與人數：25 人 
演講摘要：當全球許多果粉瘋迷於 Apple 設計的產品，總推崇賈伯斯的天才魅
力與慧眼獨具，以及他洞悉使用者需求的能力。從此，使用者為中心的觀念，
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也深深影響了科技業所開發相關產品。最早在 Apple 裡，提出使用者經驗(user 
experience)ㄧ詞是認知心理學家唐.諾曼（Donald Arthur Norman ），他的
一些知識和方法也滲透到產品服務和使用者互動中的許多面向。而為何使用者
經驗可以如此廣為接受，其中的奧妙就在於產品使用最終還是脫離不了人，了
解人的需求、身體結構和心智運作，就能設計出適合人類使用的產品，改善舊
有設計的不便。當您了解這樣的方法和原理，同樣也能設計出適合人類使用的
產品，進ㄧ步帶來人類生活上的便利和幸福。 
活動效益：提升教育學院師生的研究軟實力，厚植竹師教育學院的研究能量。 
活動紀實：(照片記錄) 

  

合辦講座： 

107 年合辦講座 

活動名稱：數學資優的跨領域研究：傳統與心智研究的整合 
Interdisciplinary investigation of mathematical giftedness 

 
時間：107 年 10 月 14 日 8：20-12：10 
地點：國立清華大學南大校區 國際會議廳(行政大樓 B1) 
主講者： Prof. Roza Leikin｜Haifa 大學腦神經認知實驗室創立者 
參與人數：121 人 
活動流程/內容： 
08：20 - 08：40 Welcome Reception 報到 
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08：40 - 08：50 Opening Ceremony 開場介紹  
08：50 - 10：20 Cognitive and neuro-cognitive characteristics of  
         mathematical expertise and mathematical giftedness 
10：20 - 10：40 Rest 中場休息  
10：40 - 12：10 Identification and development of mathematical  
         creativity with multiple solutionand investigation 
          tasks 
12 : 10          Closing Comments 賦歸 
活動效益：提升教育學院師生的研究軟實力，厚植竹師教育學院的研究能量。 
活動紀實：(照片記錄) 

  

  

2. 短期工作坊：中心於 107 年 6 月 25 日至同年月 29 日舉辦 EEG/ERP 實作工

作坊，並於 107 年 7 月 16 日同年月 20 日舉辦 EEG/ERP 暨 fMRI（functional 

Magnetic Resonance Imaging，功能性磁振造影）入門分析工作坊；另 108

年 1 月 14 日至同年月 18 日舉辦 EEG/ERP 實作工作坊，落實學生做中學、

學中做的精神。 
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活動名稱：EEG/ERP 實作工作坊 

時間：107 年 06 月 25-29 日 
地點：國立清華大學南大校區 教育與心智科學研究中心 
主講者： 中心研究專員程冠豪老師/幼兒教育學系陳湘淳老師 
參與人數：80 人次 
演講摘要： 本工作坊從大腦認知神經科學入門介紹開始，由腦波訊號的起
源、到實際收集受試者認知行為實驗的 E-Prime 程式設計與分析。 
活動效益： 學員學習到如何完成實驗準備並執行 EEG 腦波收集，共作坊共
發出完訓證書 22 份。 
活動紀實： 

  

 

EEG/ERP 暨 fMRI入門分析工作坊 

時間：107 年 07 月 16-20 日 

地點：國立清華大學南大校區 教育與心智科學研究中心 

主講者： 中心研究專員程冠豪老師/特殊教育學系許馨仁老師/中心博士後王

昭智老師 

參與人數：72 人次 

演講摘要： 本工作坊學員輪流擔任施測者跟受試者，並由師長帶領分析腦波

收集資料，練習撰寫成課程報告。在完成 EEG/ERP 的資料分析教學後，接著

介紹功能性磁振造影研究的基本原理，並實際上機操作 SPM 分析軟體進行大

腦影像處理練習。 

活動效益：學員學習到如何分析 EEG/ERP 腦波訊號，並熟悉功能性磁振造影

的資料分析操作，發出完訓證書 17 張證書。 

活動紀實： 



9 

 

 

 

【EEG/ERP 寒假工作坊】1/14~1/18 

時間：108 年 01 月 14-18 日 
地點：國立清華大學南大校區 教育與心智科學研究中心 
主講者： 中心研究專員程冠豪老師/中心博士後王昭智老師 
參與人數：72 人次 
演講摘要：在將近四天半密集地訓練下，學員輪流擔任施測者跟受試者，並由
師長帶領分析腦波收集資料，撰寫成課程報告，增加學生對腦波相關研究之實
驗設計、實機操作、資料解讀之熟悉度，完訓後發出 19 張證書。 
活動效益：  

從工作坊的事前調查可知(下圖)，學員對於認知神經科學知識、實驗程式

撰寫、事件關聯電位分析和腦波儀操作、學術倫理知識都有半數以上想瞭解，

其中對於認知神經科學知識和事件關聯電位分析超過七成學員想學習。本工作

坊的課程安排和內容也確實符合所有參與學員的需求。 
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從工作坊的事後調查可知，學員對於認知神經科學滿意度 88.5 認為有幫

助，E-腦波儀操作、E-Prime、GSR 教學滿意度 100%，可以說明此工作坊非

常成功。另外，學員的回饋中也期待下次工作坊繼續包含認知神經科學知識、

ICA 理論和腦波儀操作達六成以上，作為往後工作坊的辦理方向的依據。 

活動紀實： 
 

3. 研究中心種子學員培訓： 

(1) 107 上半年中心舉辦 8 場週三中午 12:00 開始的認知神經科學系列課

程，參與人次共 99 人，參與成員包含教育學院教師、研究助理、碩士班

研究生以及大學部學生。相關主題及介紹如下表，從認知神經科學基礎

介紹到如何進行認知科學研究，並實作學習程式撰寫，認識腦波分析軟

體 (EEGLAB / ERPLAB)。經過半學期的參與，學生漸漸對認知神經科學

有了初步的了解，也對執行相關研究有了信心。 
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日期 主題 人數 

04/25 

Research Club 相見歡，成立本研究興趣小組的緣由。

另進行腦波(Electroencephalography, EEG)及事件相關

電位(event-related potential，ERP)的簡介 

13 

05/02 
如何進行認知科學研究，從提供視覺/聲音刺激及記錄參

予者反應開始：E-Prime 認知實驗程式編寫介紹 
12 

05/09 認知神經科學的初探：功能性磁振造影(fRMI)簡介 12 

05/16 E-Prime 程式撰寫進階深入，完成屬於自己的認知實驗 14 

05/23 
工作記憶的簡介，安排人員分組以準備小組學術文章報

告，並協助組員安裝 MATLAB軟體。 
15 

05/30 
如何分析腦波：EEGLAB腦波分析軟體安裝簡介，並教導

學員如何利用線上資源進行自主學習 
14 

06/06 
由學員準備並報告何謂事件相關電位(ERPs)概念，並針對

上週自主學習內容的 EEGLAB操作再行複習。 
12 

06/13 EEGLAB進階介紹、各小組研究議題確認。 7 

總計 99 

(2) 107 年下半年度開辦研究興趣小組(Research Clubs)，總計辦理 10場次

共 72 人次參加。參與成員包含教育學院教師、研究助理、研究生以及大

學部學生。相關主題從行為科學基礎介紹到認知神經科學研究。在聚會

中多方鼓勵與會學員了解自己研究的興趣，並練習口頭報告。部分學員

延續暑期工作坊的研究脈絡，持續與中心指導老師進行互動，以參與國

際研討會發表為目標進行準備，過程中持續成長，並培育學員建立對研

究的自信心與熱忱。 
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ERP Research Club 

日期 主題 人數 

09/26 Research Club 相見歡，學員自我介紹 10 

10/03 書報討論：不當行為(MisBehaving)理查塞勒書籍 10 

10/15 E-Prime 行為分析的介紹與討論 8 

10/17 社會認知神經科學的介紹 5 

10/22 腦波進階分析的討論 8 

10/24 探討認知神經科學的應用 5 

10/29 暑期腦波工作坊成果分享討論 8 

11/12 ICEI研討會的事前口頭準備練習 5 

11/14 與南洋理工大學探討 STEAM 教育在腦科學上的探究 9 

11/26 研究議題的探討 4 

總計人次 72 

(3) 清華讀書會籌組：延續學期中研究小組的能量，參與的學員來自不同的

系所，包含幼兒教育學系、教育心理與諮商學系、教育與學習科技學系、

及環境與文化資源學系共 13 位學生。這些學生在中心師長鼓勵下，籌組

了大學部暑期讀書會，正式向清華大學教學發展中心申請，獲得通過並

獲得補助。此讀書會閱讀最新國內外腦波相關研究文獻，進行跨學科在

大腦認知神經科學的交流，強化來自不同系所領域的同學對於大腦神經

訊號的理解，思索未來應用可能性。讀書會訊息請參考下列表格。本讀

書會更榮獲優良讀書會之榮譽。 

ERP Research Club 暑期讀書會 

讀書會編號：  10630G010 

讀書會主題：  實驗室(lab)讀書會 

讀書會名稱：  ERP Research Club 

小組成員： 13 人 
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導讀人： 研究中心程冠豪專員  

主要教材： An Introduction to the Event-Related Potential 

Technique 

預期成效： 1.了解事件相關電位相關的專業知識，並對事件相關電

位有更深入的認識  

2.了解 An Introduction to the Event-Related 

Potential Technique 書中所要表達的重點內容  

3.了解 E-prime 軟體基本使用方式  

4.了解 MATLAB軟體基本使用方式  

5.了解 EEGLAB軟體基本使用方式  

6.擁有基本的研究能力  

活動紀實： 

 

 

 

 

 

 

4. 研究發表 

(1) 延續暑期的工作坊，研究興趣小組成員利用暑假以及開學後的空檔時

間，積極進行相關研究資料收集，並分析研究結果，並集合多次的團隊

討論，最後將成果發表於 2018 第九屆教育創新國際學術研討會。發表內

容為兩篇壁報發表以及一篇口頭發表，口頭發表內容榮獲本次大會傑出

優秀論文。 
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發表人 研究發表名稱 發表類型 

Jun-Hua Lai  

Chao-Hsien Huang  

Peter Kuan-Hao Cheng  

Tzu-Hua Wang 

The N170 neural 

representation of emoticons: 

Face like or not? 
壁報發表 

陳湘淳、唐藝*  

呂錦容、程冠豪  
工作記憶廣度之腦波指標初探 壁報發表 

Ya-Ju Li*  

Peter Kuan-Hao Cheng 

Hsiang-Chun Chen 

Sigmund Hsiao 

The Effects of Anticipation 

and Aversive Stimuli on 

Incidental Memory 
口頭發表 

 

 

 

 

 

上述作者黑色粗體部分為本計畫主持人中心事務委員陳湘淳老師以及計劃

協助推動人員程冠豪研究專員，另外*註明人員唐藝(教育學院幼兒教育學系

大四直升研一)及李亞儒(中正大學心理系畢業之短期專兼任助理)則受本計

畫支助，有傑出之研究表現。 
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(2) 本中心研究專員程冠豪於 107年 6月 17日至同年月 21日前往新加坡參

加 2018 Organization for Human Brain Mapping年會，OHBM 年會

為腦造影領域的年度盛會，此年會提供了一個平台，讓世界最頂尖的專

家分享其最新的人類腦造影研究。 

發表人 研究發表名稱 

程冠豪 

Insula activity of semantic anticipation predicts later 

amygdala activation of aversive stimuli 

活動紀實： 

 

(3) 本計畫主持人中心事務委員陳湘淳老師以及計劃協助推動人員程冠豪研

究專員於 107年 8月 22日至同年月 24日前往日本東京早稻田大學參加

2018 教育與學習國際學術會議，會議中針對其專長領域的執行功能以及

臉孔學習分別進行了海報發表，共計有兩篇發表，研究發表請參考下列

表格。 
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發表人 研究發表名稱 

陳湘淳 

The Executive Function of Typically- and 

Atypically-Developing Preschool’s Children from Teachers 

and Parents Rating 

程冠豪 

Effects of Pose Variation and Inversion on Learning and 

Generalizing Novel Faces 

 

 

 

 

 

 

2018 教育與學習國際學術會議 早稻田大學圖書館暨國際會議廳外 

 

 

 

 

 

  

為參訪學者介紹自己的研究 與 Ibrahim Badr 教授合影 
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(4) 學術文章發表： 

本計畫主持人陳湘淳老師，發表一篇文章於 Visual Cognition 期刊，論

文名稱為 Eye movement indices of memory reveal re-processing of 

visual information: Evidence from Chinese characters。 

本中心博士後研究員王昭智(Chao-Chih Wang)老師以中心名義發表論

文於 Frontiers in Psychology期刊，論文名稱為 Investigating the Time 

Course of Part-Based and Holistic Processing in Face Perception。 
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Eye movement indices of memory reveal re-processing of visual information:
Evidence from Chinese characters
Yuh-shiow Leea and Hsiang-Chun Chenb

aDepartment of Psychology, National Chung-Cheng University, Chiayi, Taiwan, Republic of China; bDepartment of Early Childhood Education,
National Tsing Hua University, Hsinchu, Taiwan, Republic of China

ABSTRACT
This study examined the nature of the memory effect revealed in eye movements. Chinese
characters were processed visually, phonologically or semantically during the study phase. The
proportion of viewing time during the subsequent recognition test was compared between
characters associated with different types of encoding. To eliminate the influence of response
selection on eye movements, participants were asked to select the unstudied character and
make the selection after the viewing period ended. Results showed that the proportion of
viewing time in the recognition test was larger for visually encoded characters than it was for
semantically (Experiment 1) and phonologically encoded (Experiment 3) characters, even after
the participants had presumably made the decision. Moreover, there was no significant
difference in the proportion of viewing time between phonologically and semantically encoded
characters (Experiment 2). These findings suggest that the viewing time change in eye
movements during the recognition test is an obligatory consequence of re-processing the visual
information encoded during the study phase.
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Past experiences can influence human behaviour in
many ways. Memory alters how we process new infor-
mation, changes neurophysiological responses
(Tulving & Craik, 1990), and even affects where and
what we look at (Althoff & Cohen, 1999; Hannula
et al., 2010). Typical measures of memory require
special instructions with certain response rules and
introspective judgments with verbal or nonverbal
responses from participants. This type of measure-
ment relies on participants’ ability to understand
specific instructions and articulate answers or follow
response mapping rules. Eye movement measures,
which require neither special instructions nor explicit
reports, have been found to reflect the influences of
past experiences, even in the absence of explicit
awareness of these influences (for a review, see
Hannula et al., 2010). In particular, previous studies
have found that viewing time and pupil dilation can
provide sensitive measures of memory (e.g., Laeng,
Sirois, & Gredebäck, 2012; Ryan, Hannula, & Cohen,
2007).

Viewing patterns have been demonstrated to
reflect the influences of item, spatial, and temporal

memory (Hannula, Ryan, Tranel, & Cohen, 2007; Ryan
et al., 2007). An early study found that participants
fixated earlier on the altered regions of previously
observed scenes rather than on the unchanged
regions of the same scenes (Parker, 1978). More
recent studies have shown that participants looked
longer at the regions in which the relations among
the elements in the observed scene were altered
(Althoff & Cohen, 1999; Ryan, Althoff, Whitlow, &
Cohen, 2000; Smith, Hopkins, & Squire, 2006) and
made fewer fixations on the previously observed
items than on the new ones (Althoff & Cohen, 1999;
Ryan et al., 2000). Regarding relational memory, par-
ticipants’ viewing time has been found to be longer
when looking at faces that appeared in the matched
observed scenes, regardless of their familiarity with
the face or the face’s location (Hannula et al., 2007;
Hannula & Ranganath, 2009). Eye movements are
also sensitive to temporal memory. Participants have
been found to inspect objects that were simul-
taneously presented in an order that matched the
originally observed temporal sequence (Ryan &
Villate, 2009). Moreover, even when the information
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is no longer visible during memory retrieval, partici-
pants look at spatial locations where the information
was originally presented (e.g., Richardson & Spivey,
2000). Some studies further suggest that eye move-
ments can facilitate memory retrieval (Bochynska &
Laeng, 2015; Johansson & Johansson, 2014; Laeng,
Bloem, D’Ascenzo, & Tommasi, 2014; Scholz, Mehl-
horn, & Krems, 2016).

Several studies have suggested that the influences
of memory on eye movements can be implicit and
involuntary. First, the influences of memory on eye
movements occurred independent of explicit selec-
tion (Chen & Lee, 2015). The pattern of viewing time
distinguished faces that were studied from faces that
were incorrectly endorsed as having been observed
(Hannula, Hannula, Baym, Warren, & Cohen, 2012).
Unselected known and unknown target faces were
shown to have a different pattern of viewing time
(Schwedes & Wentura, 2012). Moreover, the
influence of memory on eye movements occurred
before, or in the absence of, conscious awareness of
past experiences (Hannula et al., 2007; Ryan et al.,
2007, 2008; Warren, Duff, Tranel, & Cohen, 2010).
Hannula et al. (2007) found that the influence of
memory on viewing time happened more than 1
second before the overt behavioural response. Holm,
Eriksson, and Andersson (2008) demonstrated that
participants looked more at fragmented target
objects inserted in distracter displays as many as 25
fixations before explicit identification of the object.
Both Hannula and Ranganath (2009) and Hannula
et al. (2007) demonstrated that participants’ eyes
fixated longer on the studied face as fast as 500–
750 ms after presentation of the test display. Finally,
participants looked longer at altered regions of
scenes even when they were unaware of such manip-
ulations (Ryan et al., 2000).

Previous studies examining the effect of memory
on eye movements has typically used pictorial
materials, such as objects (e.g., Holm et al., 2008),
faces (e.g., Hannula et al., 2007, 2012; Hannula & Ran-
ganath, 2009; Schwedes & Wentura, 2012), and scenes
(e.g., Ryan et al., 2000). For example, studies have
found that prior experience with a face affects sub-
sequent eye movements during a recognition test
(Althoff & Cohen, 1999; Hannula et al., 2010; Ryan
et al., 2007; Stacey, Walker, & Underwood, 2005).
Chen and Lee (2015) is the first study to use verbal
materials examining whether memory of past events

can influence viewing time. In particular, Chinese char-
acters, instead of faces or scenes, were used to inves-
tigate whether the results can be generalized to verbal
materials. In their study, participants studied a list of
Chinese characters and then performed a recognition
memory test. During each recognition memory test
trial, participants had to select the character they
had studied from one studied character and two
unstudied homonyms. Participants’ eye movements
were recorded while they were viewing the three-
character test display. Both the time-course and
response-locked measures indicated that participants
viewed the studied character longer than they
viewed the unstudied character. More importantly,
this pattern was found regardless of participants’
explicit response.

From the above reviews, eye movements can be
used as a temporally sensitive measure of memory.
However, it remains unclear whether the memory
effect found in Chen and Lee (2015) came from prior
exposure to the surface structure or the meaning of
the studied character. The purposes of the present
study are to examine the nature of the eye move-
ment-based memory effect found in Chen and Lee
(2015) and to control for the influence of response
selection.

We compared viewing time during the recognition
test between visually, phonologically, and semanti-
cally encoded Chinese characters. The Chinese
language is a logographic system. The graphemes
are symbols that typically represent the basic unit of
meaning and do not map directly into phonological
units. This is different from alphabetic writing
systems, such as English, in which symbols more or
less correspond to the basic unit of pronunciation.
Because of the weak link between orthography and
phonology, using Chinese characters allows us to
examine independently the effect of visual and pho-
nological encoding on subsequent eye movements.
The eye movement-based memory effect can be a
result of semantic processing of the studied item. On
the other hand, according to the assertion that visuos-
patial working memory is an essential element of the
eye movement system (Van der Stigchel & Holling-
worth, 2018), it is also possible that the memory
effect comes from visual processing of the studied
item. If the viewing time change reflects semantic
processing during study, then semantically encoded
items should produce a larger effect than
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non-semantically encoded items. Moreover, because
semantic processing leads to better memory perform-
ance than non-semantically processing, there should
be a positive association between the eye movement
effect and memory performance. If, on the other hand,
the eye movement-based memory effect comes from
visual processing of the studied item, then visual
encoding should produce a larger effect on viewing
time as compared to non-visual encoding, regardless
of the memory performance. Three experiments
were designed to examine this question. The phonolo-
gical encoding condition was included to rule out
alternative hypotheses.

In Ryan et al. (2007), participants saw three-face dis-
plays, with either all of the faces being unknown to
participants or one of the faces being a known face.
Participants had to select the known face in a
display. The results showed that the known selected
faces were viewed for a longer duration than were
the unknown selected faces. This result was replicated
in Chen and Lee (2015) with Chinese characters using
a different design. In both studies, the viewing time of
the selected studied itemwas influenced by both prior
exposure, a memory effect, and the intention and
execution of the selection, a response selection
effect, whereas the unstudied selected item was
driven only by the response selection effect. The
difference in the viewing time between the studied
selected and unstudied selected items reveals a
memory effect. However, there may be an interaction
between these two effects. Specifically, the basis of
response selection may differ between the studied
and unstudied selected items. For example, partici-
pants’ selection of the unstudied item was based on
guessing, which led to a weaker response selection
effect on the viewing time, as compared with the
effect produced by the studied item. To eliminate
the influence of response selection, participants in
the present study were instructed to select the unstu-
died item, instead of the studied item. We compared
the viewing time of the two non-selected targets
before a selection was made. This design allowed us
to measure the eye movement-based memory effect
without confounding associated with any response
effect.

To further examine the possibility that the viewing
time changes occurred involuntarily, the time course
of the viewing pattern of the two non-selected
targets was also analyzed. The 2-second viewing

time used in the present study during the recognition
memory test was determined based on the result of a
similar procedure used in Chen and Lee (2015), in
which there was no required time limit during the rec-
ognition test and participants took about one to two
seconds to make a choice among the three testing
items. The 2-second time frame allows us to
examine whether the viewing time pattern changes
after participants have presumably made the recog-
nition decision. A change of the viewing pattern indi-
cates that eye movements are influenced by
participants’ recognition decision, suggesting a possi-
bility of strategic control. No changes in the viewing
pattern suggest that the eye movements during the
recognition test may occur involuntarily.

Experiment 1

The purpose of Experiment 1 was to examine the
nature of the memory effect as measured by eye
movements. Chinese characters were processed visu-
ally or semantically during the study phase. The
viewing time during the subsequent recognition test
was compared between characters associated with
these two types of encoding. Moreover, to eliminate
the influence of response selection on eye move-
ments, participants were asked to select the unstudied
item and make the selection after the viewing period
ended. If the change in viewing time is more sensitive
to levels of processing, then sematic encoding should
produce a larger memory effect than visual encoding
does. If visual memory produces changes in viewing
time, then visually encoded characters should
produce a larger memory effect as compared to
semantically encoded characters.

Method

Participants
Twenty-four university students (15 females) with an
age range of 17–24 years (M = 20.96, SD = 1.78) were
recruited for this experiment. They were all native
Chinese speakers from Taiwan and participated volun-
tarily and received payment equivalent to 3 USD for
their participation. Sample size was determined a
priori to be 24 participants. This sample size provided
.86 power to detect an effect size of .5, equivalent to
that of a similarly designed experiment (Chen & Lee,
2015).
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Materials and apparatus
One hundred eight Chinese characters were selected
and divided into 36 sets, each of which included
three unrelated characters. The 36 sets were further
divided into three groups and assigned to the visual
processing, semantic processing, and unstudied
conditions. The assignment of the three groups of
characters to the three study conditions was counter-
balanced completely to create six versions of the test
materials. The materials for the recognition test con-
sisted of all 36 sets.

The Chinese characters were presented on a com-
puter monitor using E-Prime. Eye position was
measured using a FaceLab 5 eye tracker (Seeing
Machines Inc., Tucson, AZ, USA) controlled by Eye-
Works 3.2 software (EyeTracking Inc., San Diego, CA,
USA) that recorded binocularly at 60 Hz with a
spatial resolution of 5 pixels. After informed consent
was obtained, and prior to the presentation of the
study items, participants’ eye position was calibrated
using a 3 × 3 spatial array. The size of the character,
used in both study and test trials, subtended approxi-
mately a horizontal visual angle of 8.5° (266 pixels) and
a vertical visual angle of 6.2° (193 pixels). The viewing
distance was 60 cm. The font of the characters was
DFKai-SB. Responses to the recognition test were
recorded by E-Prime using a standard keyboard.

Design
This experiment was a 3 × 8 within-subjects design.
The two independent variables were encoding con-
dition (visual vs. semantic vs. unstudied) and time
bin (time bin: 0–250 ms, 250–500 ms… , and 1750–
2000 ms). The dependent variable was the percentage
of viewing time directed to the character of interest
among the total viewing time directed to the three
test characters.

Procedure
Participants were tested individually. Each experimen-
tal session consisted of a study phase and a testing
phase. Eye position was monitored throughout the
entire experiment, but only the recordings of the rec-
ognition tests were analyzed and reported. During the
study phase, the participants had to make either a
visual or a semantic judgment for each character.
For each type of judgment, the 36 characters were
presented in succession. A fixation cross was pre-
sented for 500 ms before the presentation of each

character. The character remained on the screen
until participants made a response. For the visual
encoding condition, participants had to judge
whether the character can be divided into two separ-
ate left/right parts. The character邪was an example of
having separable left/right parts, whereas the charac-
ter 正 was an example of not having separable left/
right parts. For the semantic encoding condition, par-
ticipants had to judge whether a fifth grader would
know the meaning of the character. Participants
pressed the “Z,” marked as “Yes,” and “M,” marked as
“No,” keys to indicate their answer. Both answers
and response times were recorded. Within the same
encoding condition, the presentation order of the
character was randomly determined. The two encod-
ing conditions were run in blocks and the order of
the two blocks was counterbalanced across partici-
pants. The memory test was conducted after partici-
pants completed the two encoding blocks.

During the recognition memory test, 36 trials were
presented to the participants in random order. A
three-character display was presented for each trial
(see Figure 1). The display comprised one unstudied
character and two studied characters, one visually
and one semantically encoded. Each type of the char-
acter had an equal chance of appearing in each of the
three locations. For each trial, the participants had to
indicate which character they had not studied by
pressing the corresponding key. Participants did so

Figure 1. Schematic representations of the test trial events and
their respective timings in Experiments 1–3. On each test trial, a
three-character display was presented for 2 s. The three charac-
ters included an unstudied character and two studied characters
that were associated with two different types of encoding. Par-
ticipants had to identify the unstudied character in the display
by selecting one of the three character once the question mark
appeared.
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by entering a number (2, 4, or 6) on the standard
numeric keypad on the far right of the computer key-
board. Each three-character display was presented for
2000 ms before a question mark appeared in the
bottom of the screen. Participants were instructed to
respond to the question mark as quickly as possible
once it appeared. Prior to the experiment, participants
were provided with practice trials to familiarize them-
selves with the encoding conditions. The procedure
for the practice trials was the same as the one for
the experiment. For each encoding condition, four
characters that were not presented in the experiment
were used in the practice trials. Participants were
given feedback to ensure that they understood the
judgment rule.

Data analyses

For all the experiments reported in the present study,
the regions of interest (ROIs) were the areas occupied
by the three characters located in the left, right, and
bottom of the test displays. The ROI for each character
was a rectangle area subtended a horizontal visual
angle of 9.1° (285 pixels) and a vertical visual angle
of 7.2° (225 pixels). The proportion of viewing time
directed to the ROI during the recognition test trial
was examined for each of the 8 successive (250 ms)
time bins, starting from the onset of the test display
and continuing over the course of the entire
(2000 ms) test trial. The proportions were calculated
by dividing the total amount of viewing time directed
to the character of interest by the total amount of time
directed to the ROIs.

The mean encoding times for the two encoding
conditions and the mean selection rates for the
three types of characters are presented in Table 1.

The mean proportions of viewing time as a function
of encoding condition and time bin are presented in
Figure 2. There were large variations in the first bin
because of participants’ delay of focused attention
and/or timing limitations of the display and recoding.
To examine the difference in proportion of viewing
time between different types of encoded characters
without the influence of response selection, the ana-
lyses focused on the studied characters, and not the
unstudied characters, in all the experiments. More-
over, we reported the viewing time analysis that
included only the non-selected studied characters.
Selection of the studied character during the recog-
nition test was considered as a false alarm. Because
the selection (false alarm) rate for the studied charac-
ter was low, the analysis that included both selected
and non-selected studied characters yielded the
same pattern of results.

Results

Encoding time and recognition performance
The encoding time for the semantic encoding con-
dition was longer than was that for the visual encod-
ing condition, F (1, 23) = 18.43, MSe = 57,924, p
< .001, h2

p = .44. Regarding performance on the rec-
ognition test, a one-way ANOVA revealed a signifi-
cant effect of encoding condition on the selection
rate, F (2, 46) = 625.91, MSe = .007, p < .001, h2

p = .96.
Unstudied characters had a higher selection rate
than did both the visually and semantically
encoded characters, F (1, 23) = 659.92, MSe = .009,
p < .001, h2

p = .97, and F (1, 23) = 831.94, MSe = .009,
p < .001, h2

p = .97, respectively. More importantly,
the selection (false alarm) rate for the semantically
encoded characters was lower than was that for
visually encoded characters, F (1, 23) = 13.87, MSe
= .004, p < .01, h2

p = .38.

Viewing time analyses
A 2 (encoding condition: visual vs. semantic) by 8 (time
bin: 0–250 ms, 250–500 ms… , and 1750–2000 ms)
repeated measures ANOVA was performed to
examine the effect of encoding condition and time
course on the proportion of viewing time of the
non-selected studied character. The results revealed
significant main effects of encoding condition, F (1,
23) = 10.36, MSe = .01, p < .01, h2

p = .31, and time bin,
F (7, 161) = 2.69, MSe = .01, p < .05, h2

p = .10. The

Table 1. Mean encoding times (in millisecond) and mean
selection rates during the recognition test as a function of
encoding condition in Experiments 1–3 (Standard Errors in
Parentheses).
Experiment 1
Encoding condition Visual Semantic Unstudied
Encoding time 962 (34) 1261 (92)
Selection rate .115 (.01) .050 (.01) .834 (.02)
Experiment 2
Encoding condition Phonological Semantic Unstudied
Encoding time 994 (42) 1293 (83)
Selection rate .134 (.02) .034 (.01) .832 (.02)
Experiment 3
Encoding condition Phonological Visual Unstudied
Encoding time 1053 (62) 969 (60)
Selection rate .117 (.01) .058 (.01) .826 (.02)
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interaction effect was not significant, F (7, 161) < 1. The
proportion of viewing time was larger for the visual
than it was for the semantic encoding condition. Evi-
dence for the lack of the interaction effect was
further investigated by computing the Bayes factor
using Bayesian Information Criteria (Kass & Raftery,
1995; Masson, 2011; Wagenmakers, 2007). An esti-
mated Bayes factor (BF01), comparing the fit of the
data under the null hypothesis and the alternative
hypothesis, suggested that the data were 2.98:1 in
favour of the null hypothesis.

Discussion

It took participants longer to perform semantic encod-
ing than it did to perform visual encoding. Further-
more, the selection (false alarm) rate was higher for
the visual than it was for the semantic encoding con-
dition. This result is consistent with the levels-of-pro-
cessing framework (Craik & Lockhart, 1972). During
the 2-second period of the recognition test, as

expected, participants spent most of the time
viewing the to-be-selected unstudied character (see
Figure 2) because they were instructed to select the
unstudied target. The focus of this study was to
examine the viewing time difference between the
two non-selected studied characters without the con-
founding effect of response selection. The proportion
of viewing time during the recognition test was larger
for the visually encoded characters than it was for the
semantically encoded characters. This finding
suggests that visual processing produced a larger
memory effect on subsequent viewing time than did
semantic processing. Moreover, because neither type
of character was the target and only the non-selected
characters were analyzed, the viewing time difference
found was not only free of the influence of response
selection, but also unlikely to occur voluntarily.
Especially, the difference remained after participants
had presumably made their decision.

The visual and semantic encoding differed in both
the type and depth of processing performed. It is

Figure 2. Proportion of total viewing time directed to regions of interest as a function of time bin and encoding conditions in Exper-
iments 1–3. The error bars represent the standard errors. The dotted line indicates the chance level. It is important to note that par-
ticipants were asked to select the unstudied item and the focus of the comparison was on the two studied items.
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possible that visually encoded characters were viewed
longer during the recognition test was a result of
shallow processing. Shallow processing might have
created a weaker memory trace, which reduced par-
ticipants’ confidence during the recognition test and
in turn increased the viewing time. In other words, par-
ticipants looked longer at the visually encoded charac-
ters possibly because the other semantically encoded
characters had already been rejected. Experiment 2
was conducted to examine this possibility.

Experiment 2

The purpose of Experiment 2 was to determine
whether visual processing or shallow processing, rela-
tive to semantic processing, at the study phase
increased the proportion of view time during the rec-
ognition test. Visual encoding was replaced with pho-
nological encoding in Experiment 2. If it was the visual
memory that increased the viewing time, then phono-
logical processing would not produce such an effect.
If, on the other hand, the effect could be explained
by the shallow processing of visual encoding produ-
cing weakmemory and low confidence during the rec-
ognition test, then phonological encoding should
produce an effect similar to that of visual encoding.
In other words, phonologically encoded characters
should be more difficult to reject and result in a
longer viewing time than semantically encoded
characters.

Method

Twenty-four university students (20 females) with an
age range of 19–27 years (M = 20.25, SD = 1.67) were
recruited for this experiment. They were all native
Chinese speakers from Taiwan and participated volun-
tarily and received payment equivalent to 3 USD for
their participation. None had participated in Exper-
iment 1.

There were two differences between Experiments 2
and 1. First, the visual encoding condition was
replaced by a phonological encoding condition in
which participants had to judge whether the character
was pronounced with a falling tone (the fourth tone)
in Mandarin. Second, to generalize the finding to a
different type of semantic encoding, participants in
the semantic encoding condition had to judge
whether the character could be used as a verb.

Results

Encoding time and recognition performance
The encoding time of the semantic encoding con-
dition was longer than that of the phonological
encoding condition, F (1, 23) = 13.66, MSe = 78,605,
p < .01, h2

p = .37. Regarding the selection rate in the
recognition test, there was a significant effect of
encoding condition, F (2, 46) = 421.42, MSe = .011,
p < .001, h2

p = .95. Unstudied characters had a higher
selection rate than did both phonologically and
semantically encoded characters, F (1, 23) = 297.67,
MSe = .020, p < .001, h2

p = .93, and F (1, 23) = 869.90,
MSe = .009, p < .001, h2

p = .97, respectively. The selec-
tion (false alarm) rate for semantically encoded charac-
ters was lower than was that for phonologically
encoded characters, F (1, 23) = 31.32, MSe = .004,
p < .001, h2

p = .58.

Viewing time analyses
A 2 (encoding condition: phonological vs. semantic)
by 8 (time bin: 0–250 ms, 250–500 ms… , and 1750–
2000 ms) repeated measures ANOVA revealed that
neither the main effect of encoding condition, F (1,
23) < 1, nor the main effect of time bin, F (7, 161) =
1.82, MSe = .008, p = .086, was significant. The inter-
action effect was also not significant, F (7, 161) =
1.41, MSe = .014, p = .207. Evidence for the lack of
both main effects and the interaction effect was
further investigated by computing the Bayes factor.
An estimated Bayes factor (BF01), comparing the fit
of the data under the null hypothesis and the alterna-
tive hypothesis, suggested that the data were 4.87:1
for the encoding main effect, 1.96:1 for the time bin
main effect, and 2.42:1 for the interaction effect in
favour of the null hypothesis.

Discussion

The results of encoding time and selection (false
alarm) rate for the phonological and semantic encod-
ing conditions are consistent with the levels-of-pro-
cessing framework (Craik & Lockhart, 1972). During
the recognition test, once again, participants spent
most of the time viewing the to-be-selected unstudied
target. The most important finding of Experiment 2
was that no difference was found in the proportion
of viewing time between the phonologically and
semantically encoded characters, suggesting that
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shallow processing per se did not increase the pro-
portion of view time during the recognition test. Pho-
nologically encoded characters were harder to reject
than semantically encoded characters. However, this
difference did not produce a change in the proportion
of viewing time. If the memory effect measured by
viewing time is specific to visual processing, then
the viewing time difference in the recognition test
should also be found between visual and non-visual
shallow encoding. Experiment 3 was designed to
test this prediction.

Experiment 3

The purpose of Experiment 3 was to further demon-
strate that the viewing time of the studied item
during the recognition test is more sensitive to
visual memory, even in comparison with other types
of non-semantic memory. This experiment compared
the viewing time difference between visually and pho-
nologically encoded characters. If the viewing time is
more sensitive to the visual memory, then visually
encoded characters should be viewed longer than
the phonologically encoded characters.

Method

Twenty-four university students (18 females) with an
age range of 19–25 years (M = 20.42, SD = 1.86) who
did not participate in the previous two experiments
were recruited for this experiment. They were all
native Chinese speakers from Taiwan and participated
voluntarily and received payment equivalent to 3 USD
for their participation.

The method was the same as Experiments 1 and 2,
except that two types of non-semantic encoding were
used in this experiment. For the visual encoding con-
dition, participants had to judge whether the charac-
ter could be divided into two separate left/right
parts, whereas for the phonological encoding con-
dition, participants had to judge whether the charac-
ter was pronounced with a falling tone (the fourth
tone) in Mandarin.

Results

Encoding time and recognition performance
The encoding time for the phonological encoding
condition was marginally longer than was that for

the visual encoding condition, F (1, 23) = 4.16, MSe
= 20,051, p = .053, h2

p = .15. Regarding the selection
rate in the recognition test, there was a significant
effect of encoding condition, F (2, 46) = 663.17,
MSe = .007, p < .001, h2

p = .97. Unstudied characters
had a higher selection rate than did both phonologi-
cally and visually encoded characters, F (1, 23) =
582.44, MSe = .010, p < .001, h2

p = .96, and F (1, 23)
= 886.60, MSe = .008, p < .001, h2

p = .97, respectively.
The selection (false alarm) rate for visually encoded
characters was lower than was that for phonologi-
cally encoded characters, F (1, 23) = 28.22, MSe
= .001, p < .001, h2

p = .55.

Viewing time analyses
A 2 (encoding condition: visual vs. phonological) by
8 (time bin: 0–250 ms, 250–500 ms… , and 1750–
2000 ms) repeated measures ANOVA revealed a sig-
nificant main effect of encoding condition, F (1, 23)
= 4.71, MSe = .012, p < .05, h2

p = .17. The main effect
of time bin and the interaction effect were not sig-
nificant, F (7, 161) = 1.11, MSe = .009, p = .36, h2

p

= .10, and F (7, 161) = 1.22, MSe = .020, p = .30, h2
p

= .05, respectively. The proportion of viewing time
was larger for the visual than it was for the phono-
logical encoding condition. Evidence for the lack of
the time bin main effect and interaction effect was
further investigated by computing the Bayes factor.
An estimated Bayes factor (BF01), comparing the fit
of the data under the null hypothesis and the
alternative hypothesis, suggested that the data
were 2.78:1 for the time bin main effect, and
2.64:1 for the interaction effect in favour of the
null hypothesis.

Discussion

The mean encoding time was longer in the phonolo-
gical encoding condition than it was in the visual
encoding condition, presumably because a tone jud-
gement about a Chinese character was more
abstract than a visual configuration judgment. For
the same reason, the selection (false alarm) rate in
the recognition test was higher for the phonological
encoding condition than it was for the visual encod-
ing condition. More importantly, the proportion of
viewing time was larger for visually encoded charac-
ters than it was for phonologically encoded charac-
ters, suggesting that visual encoding had a larger
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memory effect on the proportion of view time
during the recognition test than did non-visual
encoding.

General discussion

The present study examined the nature of eye move-
ment-based memory effects found in previous studies
(Chen & Lee, 2015; Ryan et al., 2007). Effects of
different types of processing performed during encod-
ing were compared. Results from the three exper-
iments converged to a clear conclusion. First, the
proportion of viewing time in recognition test was
larger for visually encoded characters than it was for
semantically (Experiment 1) and phonologically
encoded (Experiment 3) characters even after the par-
ticipants had presumably made the decision. More-
over, there was no significant difference in the
proportion of viewing time between phonologically
and semantically encoded characters (Experiment 2).
Visual processing during encoding produced a larger
memory effect on the subsequent viewing time than
semantic and phonological processing did. In other
words, visual processing facilitated the effect of pre-
vious exposure to a greater extent than non-visual
processing did, suggesting that the memory effect
as measured by eye movements reflected a visual
re-processing effect. While all the characters were pre-
sented visually at both study and test phases, during
the recognition test the eyes were more likely to
move to visually than phonologically and semantically
encoded items. This visual fluency effect may be sup-
ported by visuospatial working memory which is an
essential element of the eye movement system (Van
der Stigchel & Hollingworth, 2018).

The results from the three experiments enabled us
to rule out other explanations of the memory effect
revealed in eye movements. First, processing levels
did not have an effect on the proportion of viewing
time during the recognition test. Neither deep seman-
tic processing nor shallow phonological processing
produced a larger proportion of view times than
visual processing. In addition, the finding of no differ-
ence in the proportion of viewing time between
semantic and phonological processing was also incon-
sistent with the levels-of-processing explanation. The
memory effect on viewing time did not reflect proces-
sing levels during encoding. Second, viewing time
differences during the recognition test were not

associated with the differences in the false alarm
rate of recognition performance. Visual processing
led to a larger proportion of viewing time, regardless
of memory performance; semantic processing pro-
duced better memory, whereas phonological proces-
sing produced worse memory than visual processing
did. In other words, visually encoded characters were
viewed longer regardless of whether they were
easier to reject than phonologically encoded charac-
ters or harder to reject than semantically encoded
characters were. Finally, viewing time during the rec-
ognition test was independent of the encoding time.
The encoding time in the phonological condition
was significantly shorter than that in the semantic con-
dition, however there was no difference in the pro-
portion of viewing time between these two
encoding conditions.

In the present study because participants were
required to select the unstudied item, they may have
used a novelty heuristic to select an item during the
recognition test. In other words, participants were
complying with the task demands and directing their
viewing to the item based on the perceived novelty.
This hypothesis can explain the finding that viewing
time was longer for visually than semantically
encoded items, because semantic encoding took
longer time, involved deeper processing and produced
better memory than visual encoding. However, several
findings were inconsistent with this hypothesis. First,
there was no difference in the viewing time between
phonologically and semantically encoded items, even
though semantic encoding also took longer time and
produced better memory than phonological encoding.
Additionally, visually encoded items were remem-
bered better than phonologically encoded items. If
participants adopted a novelty heuristic, they should
have viewed the phonologically encoded items
longer than the visually encoded item. However, the
reversed pattern was found.

The viewing time difference between the studied
characters may have occurred involuntarily, as they
were not the to-be-selected target in the recognition
test and the viewing time difference was not associ-
ated with the difference in memory performance. In
our previous study (Chen & Lee, 2015), when there
was no required time limit, participants took about
one to two seconds to make a choice among the
three testing items. Thus, participants in the present
study should have already made the recognition
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decision before the response prompt appeared. The
finding that toward later time bins of the 2-second rec-
ognition test, visually encoded characters were still
viewed longer than the other types of studied charac-
ters also suggests the possibility that the viewing time
difference occurred automatically. However, direct evi-
dence is needed to answer the question of whether
the viewing time difference occurred involuntarily.

Some studies demonstrated that a simultaneously
presented spoken word could guide the eyes to
move to visual, semantic or phonological competitors
depending on the time-course and nature of the infor-
mation in the visual environment (e.g., Huettig &
McQueen, 2007). This eye movement effect was also
found using printed Chinese words revealing that
phonological competitors attracted more fixations
than distractors during spoken word recognition
(Shen, Qu, & Tong, 2018). Instead of asking partici-
pants to view an array of pictures or words while lis-
tening to spoken target words, the present study
examined eye movement behaviours driven by pre-
vious experiences and demonstrated that the
memory effect measured by eye movements is most
evident when visual processing was performed
during the study phase. Previous studies have shown
this eye movement-based re-processing effect using
pictorial materials based on semantic memory (e.g.,
Althoff & Cohen, 1999). The present study is the first
to demonstrate this re-processing effect using verbal
materials and testing memory episodes learned in
the laboratory. Evidence of eye movement-based
memory effect demonstrates that changes in overt
attention to visual items can occur not only during
online spoken word processing, but also during an
offline memory test.

In conclusion, the present study suggests that the
viewing time change in eye movements is an obliga-
tory consequence of re-processing the visual infor-
mation encoded during the study phase after ruling
out alternative explanations and eliminating the
influence of response selection. This is the first evi-
dence of this effect in verbal episodic memory, and
thus, it provides an important generalization with
regard to using eye movements as alternative
measures of the influence of past experiences.
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Human has an exceptional ability for face recognition to keep up social network.
However, it is unclear to understand the mechanisms of face recognition until now.
Specifically, there is less research to examine the time course of part-based and holistic
processing when these two routes trigger and finish. In the present experiments, the
exposure time was manipulated to examine the time course of face processing and
found evidence suggesting that holistic processing occurs shortly after part-based
processing at about 200 ms, and can last for a relatively long duration up to 2,000 ms.
These results may support to a dual-route model comprising holistic processing and
part-based processing in face perception. Moreover, our findings were inconsistent with
the previous study which suggests that no holistic processing was observed at the
relatively long duration, and suspected that perceptual discriminability may have been
responsible for the discrepancy.

Keywords: face perception, part-based processing, holistic processing, time course, composite face illusion,
dual-route model

INTRODUCTION

Ever since Galton’s (1879) insight that face recognition is most likely based on integration of facial
features, holistic processing has been construed as a very important component to understand how
humans perceive faces (Young et al., 1987; Tanaka and Gordon, 2011). Face perception is a distinct
human ability for recognizing members of your family, friends and foes, celebrities and enemies,
even caricatures and cartoons. The same level of ease and efficiency of face recognition performance
is difficult to meet even with the enormous information-processing and computational power
of advanced computers today, largely because the underlying processing seems so complicated
that the proper level of algorithms for achieving the task is not clear for engineers (Richler
et al., 2012). Although humans could recognize thousands of people, oftentimes flawlessly, many
questions remain as to how this unusual ability of face recognition is achieved. In their seminal
and influential article, Bruce and Young (1986) proposed the first functional model to explain
how human recognizes familiar faces (see Figure 1). According to Bruce and Young, recognizing
familiar faces entails a match between information of structural encoding of the face that is present
and stored codes of face recognition units (FRUs). Subsequently, identity-specific semantic codes
are processed and created from person identity nodes and name codes are retrieved. Cognitive
system plays the role of deciding whether or not the initial match is adequately close for veridical
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recognition or only a degree of likeness, and takes into account a
number of factors before reaching the final decision.

Bruce and Young’s (1986) functional model has been credited
for accounting for many aspects of (familiar) face processing
in terms of the relevant codes. Although structural encoding
may well comprise both part-based processing and configural
processing, Bruce and Young did not explicitly make that
distinction. On the other hand, Maurer et al. (2002) had proposed
that there are three types of configural processing: detecting the
presence of first-order spatial relations that define a face, holistic
processing that integrates facial features into a gestalt whole, and
processing of second-order spatial relations that is sensitive to
spacing and metric information among facial features. McKone
(2010), however, contended that there is no convincing evidence
for dissociation or separation between holistic processing and
processing of second-order relations. Instead, she argued that
there are many theoretical reasons to consider holistic processing
to be conducted on a single integrated representation, which
she would dub as holistic/configural processing, rather than
comprising a number of separate subcomponents (McKone,
2010). As yet another alternative, there could be a compromise
between the view espoused by Maurer and her colleagues on
one hand and that by McKone on the other. That is, the
processing of face recognition system may be divided into two
subcomponents, comprising face detection and holistic face
processing, because there is convincing evidence to support the
separation between these two parts (Maurer et al., 2002; McKone,
2010).

Moreover, McKone had proposed a dual-route model for
face processing where holistic/configural face recognition system
and part-based visual recognition system operate independent
of each other concretely. According to McKone (2010, see
also McKone and Yovel, 2009), holistic processing comprises
extraction of a variety of information from a face, including
spacing between centers of major nameable facial features
such as interocular distance, nose-mouth distance, as well as
overall position of features in a face, while excluding shape
details of local features. As illustrated in Figure 2, McKone
(2010) suggested that holistic/configural face recognition
system diverges from part-based visual recognition system
after the point where face processing has gone through
mid-level visual processing. After that, the products of mid-
level processing are fed into two parallel routes for further
processing, representing, respectively, the part-based visual
cognition system and the holistic/configural recognition
system. Neuropsychological evidence from patient studies
seems to support that there are dissociations between part-
based visual recognition system and holistic/configural face
recognition system. For example, patient CK suffered from
object agnosia and dyslexia as a consequence of a closed-
head injury, but was intact for face recognition (Moscovitch
et al., 1997). In contrast, McNeil and Warrington (1993)
reported that the patient WJ exhibited severe prosopagnosia
(impaired ability in face recognition) but had intact ability
in object recognition. Moreover, some studies indicated
that right occipital face area and fusiform face area play an
important role for holistic processing (Kanwisher et al., 1997;

McKone, 2010; Jonas et al., 2012, 2014; Bona et al.,
2016).

What exactly are the differences between part-based visual
recognition system and holistic/configural face recognition
system? There is a main issue needs to be addressed concerns
whether or not the part-based processing can trigger holistic
processing such that albeit structurally separated their functional
operations are related or whether they are strictly independent
of each other with no possibility of functional links as McKone
had proposed (see Figure 2). Thus far, the evidence has been
inconsistent: For example, Amishav and Kimchi (2010) suggested
that both componential and configural processing are integral
for upright faces because participants could not selectively
perceive features without simultaneously being influenced by
configurational variation and vice versa. Their findings appear
to implicate that holistic processing and part-based processing
did not operate independently. On the other hand, Fitousi (2015,
2016) employed the system factorial technology (SFT) as a means
for mathematical modeling of the nature of face processing, and
argued that face recognition is achieved analytically rather than
holistically. Specifically, he was able to demonstrate the existence
of composite face effect, but failed to obtain Garner interference
and super-capacity with the same composite faces. These results
are consistent with analytic processing (Fitousi, 2015, 2016).
Therefore, further studies are required to help the controversial
issue.

There are at least three important questions need to be
answered with regard to McKone’s (2010) dual-route model:
first, as discussed earlier, if holistic/configural face recognition
system is unitary rather than comprising subcomponents, how
would the dual-route model explain the fact that people who
suffer from prosopagnosia still can detect the presence of a
face, while fail to recognize familiar faces? If people afflicted
with prosopagnosia can nevertheless detect the presence of a
face, it would imply that there is dissociation between face
detection and holistic processing. Second, is there evidence to
support the hypothesis regarding the time course to demonstrate
separation between part-based processing and holistic/configural
processing? If the results suggest temporal differences in the
operation of these two modes of processing, that would provide
credence to support the separation between part-based visual
recognition and holistic/configural face recognition systems. On
the other hand, if the results do not suggest temporal differences
in the operation of these two modes of processing, it does not
necessarily implicate whether these two modes of processing
are interactive or whether they can operate independently. In
other words, logically speaking, the difference in time course is
a sufficient condition but not necessary condition for arguing
the separation between part-based and holistic/configural holistic
processing. Moreover, the separation between two modes of
processing does not necessarily predict differences in time course.
For example, the part-based processing and holistic processing
can operate in parallel and simultaneously with no temporal
difference, as seems to be implied by McKone’s model depicted
in Figure 2. Finally, both the part-based visual recognition
and holistic/configural face recognition systems are temporally
subsequent to the mid-level vision. However, it is not clear
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FIGURE 1 | The functional model of familiar face recognition (re-drawn from Bruce and Young, 1986).

how and what kind of information from the mid-level visual
processing would be funneled into the separate routes of the
part-based processing and holistic/configural processing.

Regarding the first question, McKone had suggested
prosopagnosic patients could rely on part-based recognition
system to detect presence of faces, whereas damage to the
holistic/configural face recognition systems would prevent
them from recognizing familiar faces. Consistent with this
interpretation, a number of studies had demonstrated that indeed
prosopagnosia patients can detect faces, and at the same time
showed impairments in holistic processing (e.g., Avidan et al.,
2011). Regarding the second question, it seems that there can be
no clear-cut temporal separation between part-based processing
and holistic processing because holistic processing occurs rapidly
within 50 ms after the onset of face stimuli (Richler et al., 2009).
In other words, findings from previous behavioral studies have
offered little evidence for the temporal separation between
holistic processing and part-based processing. Finally, regarding
the third question, while making assumptions about the separate,
parallel routes of processing for her dual-route model, McKone
failed to give sufficient details to subject the proposed model
to empirical enquiries, and factors that putatively would
give rise to holistic processing were also left unspecified.
Regardless whether holistic/configural face recognition system
is unitary or comprises separate subcomponents, it is important
to account for how the product of mid-level vision would
channel face processing into part-based recognition systems
and holistic/configural face recognition systems in general, and
how exactly holistic/configural processing can be derived from

FIGURE 2 | Early visual processing, mid-level vision and long-term memory all
would affect holistic processing with the exception of part-based visual
recognition system (re-drawn from McKone, 2010).

the mid-level vision in particular. One likely candidate for the
product of mid-level vision would be a representation akin to
the face template, and many studies have suggested that holistic
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processing arises from a face template (Gauthier et al., 2010;
Richler et al., 2012; Richler and Gauthier, 2014). However, there
has been very little research to examine directly the relationship
between a face template and holistic processing.

According to Richler et al. (2012), many putative mechanisms
can be hypothesized to be potential instigator for holistic
processing, including global face templates, representation of
spatial relations between parts, inflexible attentional weightings
on parts and parallel coactive processing, etc. It would require a
formidable amount of studies to test the validity of each of these
hypothesized mechanisms. Even though many researchers have
indicated that face parts are recognized holistically as a gestalt
based on a face template (e.g., Young et al., 1987; Tanaka and
Farah, 1993; Farah et al., 1998), the idea of face template remains
a relatively vague concept for understanding face processing. The
following section discuss the relationship between face template
and holistic processing.

Face Template and Holistic Processing
As mentioned above, many researchers seem to have adopted the
view that holistic processing arises as a consequence of extensive
experiences with a face template (Tanaka and Farah, 1993;
Rossion and Boremanse, 2008; Chua et al., 2014). Rossion and
Boremanse (2008), for example, found that the composite face
illusion, where holistic processing is indexed by the composite
face effect (CFE), was equally strong when faces were presented
at 0◦–60◦ on a fronto-parallel picture plane, then dropped off
at 90◦ and maintained up to 180◦. They contended that faces
have been processed holistically at angular rotation less than
90◦, and the dramatic drop of composite effect when faces were
rotated beyond 90◦ suggests that holistic face perception may
have resulted from experience-driven template of upright faces
(Rossion, 2013).

However, other researchers have suggested that face parts are
“glued” together to form a unitary perceptual representation or
“face template” (e.g., Young et al., 1987; Tanaka and Farah, 1993;
Farah et al., 1998). Such usage of terminology and descriptions
can sometimes be confusing and misleading because it leaves
very little room for distinction between face template and holistic
processing. As a more useful alternative, consider Tsao and
Livingston’s (2008) proposal that face detection is the first step
in face processing, especially when the face is embedded in
a complex visual scene. Importantly, their proposal implicates
that a face template can be based on the simple T-shape
configuration comprising a pair of eyes above a nose and
the nose above a mouth. Neurophysiological evidence has led
credence to such a notion of face template, where many studies
of single-cell recording have found that face cells require an
intact face configuration as effective eliciting stimulus, and are
not selectively responsive to facial features (Bruce et al., 1981;
Desimone et al., 1984; Kobatake and Tanaka, 1994; Tsao et al.,
2006). These studies demonstrated the dissociation between an
intact face configuration (i.e., face template) and facial features
comprising the configuration.

In addition, activation in inferior temporal cortex for face-
selective neurons begins firing 80–130 ms after stimulus onset
(Bullier, 2001). An ERP study also reported that the time window

for face detection was about 130 ms (Jacques and Rossion, 2006).
Furthermore, according to Bentin et al. (1996), an inverted face
and partial facial features (e.g., nose and lips) had a delayed
N170 component in comparison to an upright face, which implies
different time courses for holistic processing and part-based
processing. However, there have been relatively few behavioral
studies that investigate the time course difference between holistic
processing and part-based processing, and in particular it is
unclear whether holistic processing arises from a face template
directly (Chua et al., 2014).

It should be noted that there are at least two different notions
of face template being advocated in the existing literature. On
one hand, face template and holistic processing are treated as
synonymous and have been used interchangeably; on the other
hand, face templates strictly entail the T-shape configuration and
first-order relational properties within a face.

Holistic Processing and Sensitivity to
Configuration
Yin’s (1969) study was the first that demonstrates the
disproportionate inversion effect with faces. During both
the perception and memory phase of his study, Yin’s participants
showed better performance with upright faces than with inverted
faces (Figure 3). In a sharp contrast, inversion had little effect
on non-face objects such as houses and airplanes. Based on
these findings, Yin suggested that perception of human face is
strongly influenced by orientation, due to the fact that faces were
processed holistically and inversion disrupts holistic processing
and results in poorer performance on inverted faces.

Subsequently, Diamond and Carey (1986) proposed that three
conditions need to be met to lead to performance decrement for
the inversion effect: first, members of the group of stimuli must
share the same first-order configuration. Second, differences
between individual members are on the basis of second-order
relational features. Finally, participants who are experts can
distinguish these members of the group relying upon such
second-order relational information. As a case to support their
conjecture, Diamond and Carey showed in their study that dog
experts exhibited inversion effect in recognition of breeds they
were most familiar with (and hence showing expertise).

To further examine holistic processing in faces and objects,
Tanaka and Farah (1993) used a part-whole task and showed that
people can better recognize a face part (e.g., nose) in the context
of a whole face than in isolation. In contrast, they found no
part-whole differences when participants were asked to recognize
other kinds of object such as scrambled parts, inverted faces, and
houses.

Tanaka and Farah argued that their findings suggest people
recognize faces by engaging in holistic processing. Moreover, in
a subsequent study, Tanaka et al. (1998) argued that children
develop holistic processing for faces by the age of 6 years old,
although more generally, face recognition seems to mature at
around 12 years of age (Johnson and Morton, 1991; Mondloch
et al., 2002). Studies in perceptual grouping also suggest that
around 5–6 years old, children have developed perceptual
organization capability comparable to that for adults (Hadad
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FIGURE 3 | In Yin (1969) study, there was a significant difference in performance between upright and inverted faces; in contrast, no significant differences were
found for objects of non-face categories. The error bar indicates the mean of ±1 standard error. The figure was adapted and modified from Yin (1969).

FIGURE 4 | According to the perceptual field hypothesis, participants
perceive an upright face as a whole face, rather a collection of local features.
In contrast, participants perceive inverted faces as local features, rather than a
whole face. The figure was adapted from Rossion (2009) with permission.

and Kimchi, 2006). It should be noted, however, it is unclear
whether holistic/configural face recognition system is different
from part-based recognition systems because there is a lack of
relevant evidence to support the dual-route model based on
developmental studies.

Although disruption of holistic processing has been
hypothesized to account for inversion effect, it is less clear

FIGURE 5 | The face in the middle, which is a composite made of top half of
the face on the right (Jun Jie Lin) and bottom half of the face on the left
(Wen-Ching Wu, though professionally he goes with name Nian-Zhen Wu),
was similar to those used by Young et al. (1987), where the top and bottom
halves of faces were drawn from two different celebrities to form a novel
composite face. The right face is a famous singer in Taiwan (Jun Jie Lin) and
the left face is a writer-turned-celebrity in Taiwan and China. When naming the
composite faces based on part of the faces (e.g., top halves), participants’
performance was easily interfered by the irrelevant bottom part when the two
halves were aligned, but not as much when they were misaligned.

what exactly may have taken place during inversion that
would lead to such disruption. One possible candidate for
the underlying mechanism is the perceptual field hypothesis
Rossion (2009) proposed, which would explain how inversion
impairs holistic processing in the following manner: upon
seeing an upright face, observers presumably would expand
their perceptual field to the fullest extent in order to perceive
the whole face (Tanaka and Gordon, 2011; Rossion, 2013).
In contrast, when seeing an inverted face, observers would
perceive something less than a whole face, which likely is
composed of a constellation of local facial features due to the
contraction of perceptual field (Figure 4). It is interesting
to note that McKone (2010, p. 284) also mentioned in
the passing a similar account for holistic processing arisen
from “a big receptive field” being applied to the entire
face.
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Composite Effect and Composite Face
Illusion
Young et al. (1987) developed another paradigm—the composite
faces—to demonstrate holistic processing of faces (Figure 5).
Although they used the term “configural” rather than “holistic,”
to avoid conceptual confusion, it would consider their effect
as demonstrating holistic, rather than configural, processing
because composite faces involve altering both featural and
configural information of a face simultaneously. In their
experiments, Young et al. created composite faces of celebrities
in that the top and bottom half parts of different celebrities
were joined to form novel faces. Participants’ performances in
naming the celebrity based on top half of the face were severely
compromised by the creation of composite faces. Young et al.
concluded that participants recognized famous faces by means
of holistic processing. Following Young et al.’s (1987) study,
composite effect is not obtained with objects or non-face stimuli
(Robbins and McKone, 2007), in addition to the fact that they
were little affected by inversion.

Following Young et al.’s study, Hole (1994) further
demonstrated that unfamiliar faces also were affected by
the irrelevant parts. In each trial of their experiment, a pair of
faces was simultaneously presented, which was different from the
naming task used by Young et al. (1987). Despite the difference
in task requirement, Hole’s findings were consistent with those
reported by Young et al. (1987). Taken together, these studies
suggested that both familiar and unfamiliar faces are processed
holistically rather than in a piecemeal manner (Young et al.,
1987; Tanaka and Farah, 1993; Hole, 1994).

Ever since the pioneering work by Young et al. (1987)
and Hole (1994), many subsequent studies have adopted the
composite face task to assess the failure of selective attention
to the target part, which was interfered by the irrelevant
parts as a result of combining halves from different faces.
Participants cannot focus selectively on the specific part of a
face (e.g., the top half) while at the same time ignore the
irrelevant part (e.g., the bottom half), implicating that face
recognition is achieved via integrated holistic processing, rather
than via a piecemeal process where each facial feature was
processed and then combined. However, as Rossion (2013)
pointed out, there is a difference between composite effect and
composite face illusion. Specifically, he argued that participants
actually perceived the composite face as a new face, in the
sense that facial features had been modified perceptually
rather than being perceived veridically (called composite face
illusion). As a result, holistic processing for upright faces
not only affects sensitivity of configuration among features
but also on the features themselves. Maybe, it is better to
the term composite face illusion rather than composite face
effect.

A Note on Conceptual Clarification and
the General Method
Before describing the experiments proper, I would like to clarify
the conceptual definitions of a number of popular notions to
avoid the possible confusions (cf. Richler et al., 2012). In so doing,

it is necessary to give a description of the General Method used
here.

Generally speaking, holistic processing of a face refers to
integral processing of all parts of a face as a whole in that
processing one part of the face would inevitably entail processing
another part of the face. More specifically, there are two
important and yet distinct aspects regarding the notion of holistic
processing. The first aspect concerns the perceptual integrality
just mentioned. The second aspect concerns the strong and
inherent dependency of orientation in face processing where
holistic processing is more evident and robust for an upright than
for an inverted face. Part-based, featural or component processing
of a face, on the other hand, typically involves manipulation
or alteration of face components while keeping intact the
configuration and the metrical distances between components
(Mondloch et al., 2002). Finally, configural processing of a face
entails manipulation of inter-distance between face components
while keeping intact the components (Gauthier and Tarr, 2002;
Mondloch et al., 2002).

As Rossion (2008) pointed out, although configural processing
and holistic processing can be dissociated conceptually, they
are confused inherently in the practice of empirical enquiry.
While most researchers would agree that holistic processing for
face recognition entails simultaneously integration of multiple
features of a face into a single representation (Rossion, 2008),
there remains the question whether configural processing should
be treated as part of holistic processing. For some researchers,
it has been common to associate changes in spacing between
facial features with holistic processing (Gauthier and Tarr, 2002;
McKone, 2010). For instance, Gauthier and Tarr (2002) treated
the term “holistic” as a superordinate concept and encompassed
a variety of effects, such as holistic-configural, holistic-inclusive,
and holistic-contextual effects. In the view, I would like to define
holistic processing as the integration of component and configural
processing, which is similar to the “holistic-contextual effect”
proposed by Gauthier and Tarr (2002).

Previous studies have used definitions that in the view were
not completely compatible with one another (Richler et al.,
2012). Robbins and McKone (2007), for example, used the
term “configural/holistic processing” to suggest that configural
processing is synonymous to holistic processing, and it was
not necessary to make fine distinction between them given the
current state of research findings and evidence (see also McKone,
2010). However, Mondloch et al. (2002) study had argued earlier
for the distinction between configural and holistic processing,
where configural processing focuses on spatial (metric) relations
between and among face parts, and hence is different from
holistic processing, which focuses on the integration of face
as a perceptual whole or gestalt. Moreover, Hole (1994) used
the term, “configurational factor,” to describe the composite-
face effect, whereas Gauthier and her colleagues have over the
years used the term of “holistic processing” in an all-embracing
manner to refer to the processing underlies the composite-face
effect. Together these examples highlight the fact that the term
“holistic processing” has not been used in a completely coherent
and consistent manner in the literature, where not only it has
different meanings for different researchers but also may refer
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FIGURE 6 | Many prior experiments had used the partial design (black frame) to demonstrate holistic processing, but the irrelevant part was always different.
Although it showed slower performances for same trials, it was possible that the poorer performance had resulted from congruency effect, rather than holistic
processing. In the complete design, showed at the figure could control the confounding variable and avoid an erroneous conclusion. The figure was redrawn from
Gauthier and Bukach (2007).

to different tasks and different associated effects (Richler et al.,
2011).

Partial versus complete design of composite face task. Gauthier
and Bukach (2007) had proposed to use what they called complete
design to replace the traditional composite task, also called
the partial design, used in many previous studies based on
two reasons. First, some researchers had indicated that only
the results from the same trials in the partial design were
computed (Robbins and McKone, 2007; Rossion, 2013) while
ignoring completely the results from different trials. Gauthier and
colleagues argued that the results should include both the same
trials and different trials because results from both kinds of trials
are meaningful for explaining the composite illusion (Gauthier
and Bukach, 2007; Richler and Gauthier, 2014). When different
trials are ignored in the partial design, it is impossible to predict
whether perceiving information from irrelevant parts facilitate
or interfere performance when relevant parts are different. In
addition, when the same trials in the congruent condition and
different trials in the incongruent condition were missing, there
was not enough information to predict how irrelevant part affects
holistic processing in those conditions. When the responses for

relevant and irrelevant part are the same (i.e., both “same” or
both “different”), these trials are in the congruent condition.
In contrast, when the responses are different (i.e., one “same”
and the other “different” or vice versa), these trials are in the
incongruent condition.

The second and perhaps more critical reason is that the partial
design is subject to response biases from individual participants
(Richler and Gauthier, 2014) because they tend to respond “same”
in the upright face condition than in the inverted face condition
(Wenger and Ingvalson, 2003; Richler and Gauthier, 2014) and
in the aligned condition than the misaligned condition (Gauthier
and Bukach, 2007). To rule out the potential problems, Gauthier
and Bukach (2007) had proposed that holistic processing should
be assessed and measured in terms of a congruency effect
(i.e., the difference in performance between the congruent and
incongruent conditions) and the dependent variable is sensitivity
(d′), which is a difference score (Zn − Zsn) based on signal-
detection theory (SDT) (where n denotes “noise” condition, and
sn denotes “signal + noise” condition) (Green and Swets, 1966).
The performance in sensitivity (d′) is expected to be better on
the congruent trials than on the incongruent trials in the aligned
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(or upright) condition and the magnitude of congruency effect is
reduced in the misaligned (or inverted) condition. Moreover, the
magnitude of congruency effect with aligned (or upright) faces
is expected to be greater than that with misaligned (or inverted)
faces. Theoretically speaking, it is appropriate to use the complete
design in the composite task.

How can congruency effect be measured? Referring to
Figure 6, the complete design involves congruent and
incongruent conditions. The congruent condition means
that the target and the irrelevant part are both same or both
different. In contrast, the incongruent condition means that
those are inconsistent. If the present study would calculate
congruency effect in aligned condition, the result was that d′
of congruent trials minus d′ of incongruent trials (Gauthier
and Bukach, 2007). Some researchers suggested inverted faces
are the same as misaligned face because of impairment for
configural processing. On the other hand, the irrelevant parts are
always different in the partial design (see black framed panels in
Figure 6). Moreover, the partial design only calculates accuracy
or reaction time between same trials of aligned and misaligned
condition and neglect altogether data from different trials.

Moreover, Zhao et al. (2015) recently suggested alignment
effect (or interaction between alignment and congruency
effect) can even occur for no-face stimulus (e.g., line pattern)
as long as it possesses salient Gestalt properties such as
connectedness, closure, and continuity between parts. Bases on
these observations, Zhao et al. (2015) argued that alignment effect
could be achieved not only via a top-down route from becoming
experts, but also via a bottom-up route of relying on object-based
information.

In addition, McKone et al. (2013) proposed that inverted
faces always should be included such that a pure measure
of holistic effect can be achieved to the extent that there is
an absence of holistic processing with inverted faces. Based
on these suggestions, inverted condition could be a better
measure to detect holistic processing than the manipulation
of alignment. Therefore, in the experiments reported here, the
adopted dependent variable was the difference in congruency
effect between upright and inverted conditions using the complete
design.

Besides the definition of holistic processing for the dependent
variable, the present study also measured the performances
of the part-based processing as the dependent variable in
each experiment. According to McKone (2010), the part-based
processing includes upright and inverted faces. Therefore, the
definition of part-based processing included the performances
of the upright and inverted conditions. In other words, the
performances of part-based processing were the sensitivity for
the upright and inverted face trials including the congruent and
incongruent trials. If the performances of the participants are
above chance, it means the part-based processing is observed.

EXPERIMENT 1

The issue of time course also concerns whether holistic
processing may exist at a glance, and when it would disappear

after a longer delay. Richler et al. (2009) proposed that holistic
processing emerged very rapidly because they found that
participants’ performance was above chance and did not depend
on exposure time (see Figure 7). Note, however, their prediction
was inconsistent with Hole’s (1994) findings, where he failed to
find evidence of holistic processing at the duration of 2,000 ms;
however, Richler et al. (2009) did not examine whether holistic
processing occurs and still exists at the duration beyond 800 ms.

It should be noted, however, that there were inconsistent
results regarding whether holistic processing was obtained with
a relatively short term of duration. Therefore, in Experiment 1, a
range of relatively brief exposure duration, namely 100, 200, and
500 ms, was manipulated to see whether or not can replicate these
results for separation between holistic processing and part-based
processing with these brief durations. In contrast, in Experiment
2, it manipulated relatively long exposure duration to see whether
holistic processing still can be obtained with 1000 and 2000 ms.
There has been a controversial issue whether holistic processing
was obtained at 2000 ms. On one hand, Hole (1994) was unable
to observe holistic processing at 2000 ms, but Richler et al. (2011)
predicted that holistic processing should be obtained at 2000 ms
according to their hypothesis (see Figure 7). In order to recreate
the experimental setup as closely to that used by Hole (1994) as
possible, a pair of faces was presented diagonally in each trial to
reduce the possibility that participants might adopt a feature-by-
feature comparison strategy to cope with the task. In addition,
the whole study practically adopted a between-participant design
and separate the two ranges of exposure duration in Experiments
1 and 2 as a means to provide a more conservative test of time
course for part-based and holistic processing.

Methods
Participants
Eighteen participants (9 male) from National Chung Cheng
University participated in Experiment 1, and none of them had
been exposed to the face composite task in the past 3 months. All
participants had normal or corrected to normal vision, and each
received a monetary payment of NTD$120 for their participation.
It took about 55 min for participants to complete the experiment.
Data from one participant had to be excluded because his
overall performance was below chance. Likewise, the data from
another participant was excluded because the performance was
worse than two standard deviations from the mean. Participants
were recruited in accordance with approval of the Research
Ethics Committee of National Chung Cheng University, Chia-
Yi, Taiwan (No. CCUREC104082101). All participants had
completed the informed consents before the experiment.

Stimuli
For face stimuli, the present study first created 32 different Asian
face images with equal number of males and females using
FaceGen 3.1 (Singular Inversions, Canada). Half of them, 8 males
and 8 females, were chosen as the relevant set, and the remaining
half, also 8 males and 8 females, was chosen as the irrelevant
set. The top halves from the relevant set were randomly paired
with the bottom halves from the irrelevant set for constructing
face composites, in accordance with the requirement of complete
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FIGURE 7 | Richler et al. (2009) proposed three possibilities and their findings supported predictions depicted in (C). Holistic processing, measured in terms of
difference in performance between congruent and incongruent conditions, occurs at all exposure time when performances are above-chance performance. The
figure was redrawn from Richler et al. (2009). (A) Illustrates that holistic processing occurs after a minimum of exposure time and increases as exposure duration was
increased. (B) Illustrates that holistic processing is larger when exposure duration is limited. (C) Illustrates that holistic processing occurs without interference of
exposure duration.

FIGURE 8 | The mean d′ of inversion effect (i.e., the difference in d′ between
upright and inverted conditions) as a function of exposure time. Error bars
indicate 95% confidence interval, calculated within participants.

design. Specifically, there were 16 faces for each of the four
face composites designated as “A (top)/B (bottom),” “A (top)/C
(bottom),” “D (top)/C (bottom),” and “D (top)/B (bottom)” (see
Figure 6).

Each face image could be encircled by an (invisible) square
with 75 pixels on each side. When presented on the display
screen, each face was about 3.38 cm in width and 4.58 cm in
height, extending a visual angle of about 3.01◦ × 3.6◦ at a viewing
distance of approximately 45 cm. An overextended white line was
overlaid horizontally in the mid-section of each face to clearly
demark the top and bottom half of the face. The line was of
7.79 cm in length and 0.14 cm in height, extending a visual angle
of 6.14◦ × 0.11◦.

Design and Procedure
As mentioned above, in Experiment 1, the design manipulated
a relatively brief range of exposure time of 100, 200, and
500 ms, as a within-participant variable. As in Experiment 1,
it adopted the complete design (Figure 6) and computed
differences in congruency effect between upright and inverted

FIGURE 9 | The mean d′ (sensitivity) for indexing part-based processing in
each condition as a function of exposure time. Error bars indicate 95%
confidence interval, calculated within participants.

faces for each participant as the dependent variable (see
section “A Note on Conceptual Clarification and the General
Method”).

Each composite face was presented either upright or inverted
for a total of 384 trials, comprising equal number of congruent
and incongruent trials in accordance with the design used in
Experiment 1. The upright face and inverted face conditions
were separated into different blocks, the order of administration
was counterbalanced across participants. In each trial, a “+”
for fixation was first shown at the center of the display for
500 ms, followed by the presentation of a pair of composite
faces, diagonally presented for one of the three durations, 100,
200, or 500 ms, where exposure time was manipulated as a
within-participant variable. When the face stimuli was shown for
the pre-designated exposure duration, a mask was presented for
200 ms. The manipulation of face orientation also was done as a
within-participants variable by including two blocks of trials, one
block with upright faces and the other with inverted faces. The
order of the two blocks was counterbalanced across participants.
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Results
Mean percentage of correct identification, expressed in terms of
hit rate (HR) and correction rejection (CR), of the top halves of
upright and inverted conditions are shown in Table 1. The results
show the same set of analyses as done in Experiment 1 as follows:

Holistic Processing
One-way measure ANOVA was conducted with exposure
time (100, 200, and 500 ms) as the within-participant
factor. As shown in Figure 8, the main effect of exposure
time was not significant, F(2,32) = 3.08, MSE = 1.70,
p > 0.05, η2

p = 0.161, indicating no difference in the
magnitude of holistic processing as a function of exposure
duration.

In terms of planned comparisons, one-sample t-tests and used
Holm-Bonferroni method to control the family wise error rate
(αB = 0.017, αB = 0.025, αB = 0.05). were performed to test
whether holistic processing would occur at each level of exposure
duration. The results reveals that holistic processing was not
observed at the level of two shorter exposure durations of 100 ms
and 200 ms, ts < 1. However, holistic processing was obtained at
exposure duration of 500 ms marginal significantly (M = 0.48),
t(16) = 2.29, p = 0.036 > αB = 0.017, 95% CI = [0.04, 0.93].

Part-Based Processing
The same one-way ANOVA was conducted with exposure time
as the within-subjects factor, and d′ was the dependent measure
for part-based processing. The main effect of exposure time was
significant, F(2,32) = 103.63, MSE = 10.9, p < 0.001, η2

p = 0.87.
Post hoc comparisons with Bonferroni correction (αB = 0.017)
revealed that performance at 500 ms was better than those at 100
and 200 ms, ps < 0.01 < αBs = 0.017), and performance at 200 ms
in turn was better than that at 100 ms (p < 0.01 < αBs = 0.017).
The results suggested that evidence of part-based processing

TABLE 1 | Descriptive statistics for each condition in Experiment 1.

Orientation Congruent Response Exposure duration

100 ms 200 ms 500 ms

Upright Congruent HR 0.50 (0.21) 0.55 (0.21) 0.86 (0.13)

CR 0.59 (0.21) 0.66 (0.25) 0.86 (0.11)

d′ 0.24 (0.58) 0.78 (1.04) 2.42 (0.69)

Incongruent HR 0.40 (0.21) 0.46 (0.22) 0.72 (0.16)

CR 0.65 (0.20) 0.67 (0.21) 0.74 (0.19)

d′ 0.18 (0.64) 0.44 (0.53) 1.57 (0.63)

Inverted Congruent HR 0.50 (0.21) 0.66 (0.17) 0.86 (0.14)

CR 0.58 (0.25) 0.63 (0.17) 0.67 (0.23)

d′ 0.38 (0.73) 0.83 (0.52) 2.00 (0.91)

Incongruent HR 0.53 (0.22 0.62 (0.17) 0.84 (0.15)

CR 0.54 (0.22) 0.60 (0.18) 0.66 (0.20)

d′ 0.18 (0.39) 0.57 (0.45) 1.71 (0.76)

Means of hit rate (HR) and correct rejection (CR) for upright and inverted face
condition at each level of exposure time. Standard deviations are shown in
parentheses.

emerged at about after 100 ms after stimulus onset and increased
as more exposure time was available for further processing.

In terms of planned comparisons, as shown in Figure 9,
the results were again used one sample t-test and used Holm–
Bonferroni method to control the family wise error rate
(αB = 0.017, αB = 0.025, αB = 0.05). The performances were above
chance at all three levels of exposure time {100 ms: t(16) = 2.65,
p = 0.017 < αB = 0.05, M = 0.22, 95% CI = [0.04, 0.40]; 200 ms:
t(16) = 6.13, p < 0.001 < αB = 0.025, M = 0.59, 95% CI = [0.39,
0.80]; 500 ms: t(16) = 14.87, p < 0.001 < αB = 0.017, M = 1.76,
95% CI = [1.51, 2.01]}. These results again indicate that part-
based processing was in place very early on in processing faces
after their presentation.

Discussion
The results of Experiment 1, which offered strong support to the
conjecture of separation between holistic processing and part-
based processing, where the results also suggested that holistic
processing occurred after part-based processing occurred. That
is, the d′ results for each condition showed clear evidence for an
early onset of part-based processing, whereas the inversion effect
as evidence for holistic processing did not emerge until a longer
exposure duration of 500 ms. These findings support to the time
course of face processing depicted in Figure 7A. Alternatively,
there is another possibility to explain the results where holistic
processing and part-based processing occur simultaneously, but
holistic processing may be prone to the disruption due to
low stimulus discriminability as may well be the case in the
face stimuli used in Experiment 1 because the means of the
performances in the experiment were in general lower than the
means of the studies from Richler et al. (2009, 2011). Even though
the congruency effect between congruent and incongruent trials
as Richler et al. (2009) did, the results still could not find the
significant congruency effect at 100 and 200 ms (ts < 1.43 or
ps > 0.1), but did find a significant congruency effect at 500 ms,
t(16) = 5.17, p < 0.001.

EXPERIMENT 2

As noted earlier, there has been an important and yet
controversial issue regarding the time course of face processing.
In order to examine whether the holistic processing of faces
would sustain beyond the initial moment of detecting their
presence, the present experiment used a simultaneous composite
face task, where a pair of face stimuli were exposed for relatively
lengthy duration of 500, 1000, or 2000 ms, respectively. With
these durations, Hole (1994) had indicated that there was
no difference between the upright and inverted faces at the
long duration of 2000 ms. His result was inconsistent with
the predictions made by Richler et al. (2009) (see Figure 7).
However, Richler and her colleagues had not endeavored to
demonstrate that holistic processing occurred after or beyond
800 ms. Therefore, Experiment 2 was designed to examine this
controversy (Richler et al., 2009).

In order to have maximum opportunity to replicate Hole’s
(1994) original findings, the present experiment adopted to
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FIGURE 10 | The mean d′ for dependent variable as a function of exposure
time. Error bars indicate 95% confidence interval, calculated within
participants.

FIGURE 11 | The mean d′ for sensitivity as a function of exposure time. Error
bars indicate 95% confidence interval, calculated within participants.

display two face images in each trial diagonally to circumvent
participants’ use of a feature-by-feature comparison strategy. In
a pilot test, it was very difficult for participants to view two
face images simultaneously when they were presented briefly
for 500 ms, therefore adjusted stimulus size to make the face
images easier to view and removed the mask that comes after
showing two composite faces in Experiment 1, as Hole (1994) did.
In addition, Experiment 2 adopted between-participant design
regarding the manipulation of exposure duration to provide a
more conservative test of the issue at hand.

Methods
Participants
Fifty-eight college students from the National Chung Cheng
University in Chiayi County, Taiwan, participated in the
experiment. Of them, 21 (6 male, 15 female) were assigned to
the exposure condition of 500 ms, 17 (6 male, 11 female) to
1000 ms, and 20 (7 male, 13 female) to 2000 ms, respectively. All
participants had normal or corrected to normal vision, and each
received a monetary payment of NTD$100 for their participation.
It took about 30 min for participants to complete the experiment.
As experiment 1, participants were recruited in accordance with

FIGURE 12 | The mean accuracy for response as a function of orientation for
exposure time. Error bars indicate ±1 SE, calculated within participants.

FIGURE 13 | The mean accuracy for response as a function of orientation for
exposure time. Error bars indicate ±1 SE, calculated within participants.

approval of the Research Ethics Committee of National Chung
Cheng University, Chia-Yi, Taiwan (No. CCUREC104082101).
Each participant had completed the informed consents when
began the experiment.

Stimuli and Apparatus
The stimuli were the same as Experiment 1, except that each face
image was made slightly bigger, which could be encircled by an
(invisible) square with 100 pixels on each side. When presented
on the display screen, each face had a width of about 5.1 cm
and a height of about 6.1 cm, extending a visual angle of about
4.01◦ × 4.8◦ at a viewing distance of approximately 45 cm.

A pair of faces were simultaneously presented on the display
for a pre-determined duration of 500, 1,000, or 2,000 ms. Unlike
Experiment 1 where face stimuli were presented at the same
horizontal height, one face was located in the upper left quadrant
and the other face was located in the lower right quadrant to
discourage feature-by-feature comparisons. The center of the face
located in left quadrant was about 4.69 cm below the top edge
of the monitor, and about 13.31 cm to the right of left edge of
the monitor. The center of the face located in the lower-right
quadrant roughly had the same distances from the bottom and
right edge of the monitor. The two faces were separated by a
center-to-center distance of about 14.12 cm.
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Design and Procedure
The same design used in Experiment 1 was used in Experiment 2,
except for the exact length of exposure duration and the nature of
manipulation. Specifically, three levels of relatively long exposure
duration of 500, 1000, and 2000 ms was varied as a between-
participant factor. As in Experiment 1, the design of the present
experiment is the complete design and computed differences in
congruency effect between upright and inverted faces for each
participant as the dependent measure for holistic processing.

Procedure
Each composite face was presented either upright or inverted
for a total of 128 trials, with equal number of congruent and
incongruent trials in accordance with the complete design.
The upright face and inverted face conditions were separated
into different blocks and the order of administration was
counterbalanced across participants. In each trial, a “+” for
fixation was first shown at the center of the display for 500 ms,
followed by the presentation of a pair of composite faces for one
of the three durations, 500, 1000, or 2000 ms, where exposure
times was manipulated as a between-participants variable. Upon
seeing the face pair, participants were asked to judge whether
the top halves of the two faces were identical, while ignoring the
bottom halves. The manipulation of face orientation was done as
a within-participants variable by including two blocks of trials,
one block with upright faces and the other with inverted faces.
The order of administering the two blocks was counterbalanced
across participants.

Results
The mean accuracy for correct judgment of the top halves of
upright and inverted conditions, in terms of hit rate (HR) and
correct rejection (CR) and d′ derived from them, are shown in
Table 2.

TABLE 2 | Descriptive statistics for each condition in Experiment 2.

Orientation Congruent Response Exposure duration

100 ms 200 ms 500 ms

Upright Congruent HR 0.68 (0.14) 0.86 (0.12) 0.89 (0.13)

CR 0.80 (0.11) 0.86 (0.12) 0.90 (0.16)

d′ 1.51 (0.75) 2.59 (0.89) 3.03 (1.14)

Incongruent
trials

HR 0.61 (0.19) 0.7 (0.12) 0.71 (0.18)

CR 0.67 (0.17) 0.77 (0.14) 0.82 (0.11)

d′ 0.82 (0.67) 1.36 (0.54) 1.60 (0.96)

Inverted Congruent trials HR 0.62 (0.16) 0.76 (0.17) 0.83 (0.14)

CR 0.76 (0.17) 0.81 (0.11) 0.81 (0.13)

d′ 1.63 (1.32) 1.84 (0.53) 2.17 (0.77)

Incongruent
trials

HR 0.57 (0.14) 0.71 (0.15) 0.77 (0.15)

CR 0.74 (0.14) 0.76 (0.13) 0.83 (0.09)

d′ 0.87 (0.46) 1.36 (0.54) 1.85 (0.65)

Means of hit rate (HR) and correct rejection (CR) for upright and inverted face
condition in 500, 1000, and 2000 ms, respectively. Standard deviations are shown
in parentheses.

Holistic Processing
A one-way ANOVA was conducted with exposure duration as the
sole between-participants factor and its main effect of exposure
time was significant, F(2,55) = 5.87, MSE = 7.67, p < 0.01,
η2

p = 0.176. Post hoc comparisons with Bonferroni correction
for multiple comparison (αB = 0.017) revealed that, as shown
in Figure 10, the magnitude of holistic processing at 2000 ms
was greater than that at 500 ms, p = 0.001 < αB = 0.017; no
other comparisons were found significant ps > αB = 0.017,
however.

In terms of planned comparisons, one-sample t-tests were
performed, and used Holm–Bonferroni method to control the
family wise error rate (αB = 0.017, αB = 0.025, αB = 0.05).
The results showed holistic processing was not observed at the
exposure duration of 500 ms, t < 1, but was found at both 1000
and 2000 ms {1000 ms: t(16) = 3.63, p < 0.01 < αB = 0.025,
M = 0.75, 95% CI = [0.31, 1.19]; 2000 ms: t(19) = 4.63,
p < 0.001 < αB = 0.017, M = 1.12, 95% CI = [0.61, 1.63]}.

Part-Based Processing
The same one-way ANOVA was conducted, with exposure
duration as the between-participants factor, and as for holistic
processing, its main effect was significant, F(2,55) = 7.42,
MSE = 3.14, p < 0.01, η2

p = 0.213. Post hoc comparisons with
Bonferroni correction for multiple comparison (αB = 0.017), as
shown in Figure 11, revealed that performance at 500 ms was
worse than those at 1000 ms (p = 0.013 < αB = 0.017) and 2000 ms
(p < 0.01 < αB = 0.017), and there was no significant difference
between the latter two conditions (p > αB = 0.017).

In terms of planned comparisons, performances were better
than chance at all three levels of exposure duration {500 ms:
t(20) = 8.81, p < 0.001 < αB = 0.017, M = 1.13, 95% CI = [0.86,
1.39]; 1000 ms: t(16) = 12.51, p < 0.001 < αB = 0.017,
M = 1.75, 95% CI = [1.46, 2.05]; 2000 ms: t(19) = 10.85,
p < 0.001 < αB = 0.017, M = 1.84, 95% CI = [1.49, 2.20]}.

Discussion
In Experiment 2, holistic processing clearly is observed at
1000 ms and lasted till 2000 ms and perhaps even beyond.
While this finding was consistent with the prediction made by
Richler et al. (2009), it remains to be explained why the early
study by Hole (1994) failed to find the composite face effect
when participants saw two composite faces simultaneously with
2000 ms of exposure duration. There are three possibilities for
the discrepancy: First, there was a clear difference regarding the
nature of task and its design, where the present study was based
on the complete design, but Hole (1994) adopted the traditional
partial design.

Second, another possibility is the indices Hole chose were
different from those chosen in the present study. Specifically,
as measuring differences in congruency effect between upright
and inverted condition, as proposed by Gauthier and Bukach
(2007); in contrast, Hole (1994) used inversion superiority effect.
Although Hole calculated reaction time to measure face inversion
superiority, the results did not show reaction time (RT) because
was not very useful to analyze reaction time data when the mean
accuracy in a number of conditions were below 70% (Tables 1, 2),
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which may well lead to biased estimate of RT performances.
However, the results did find inversion superiority effect based
on accuracy for exposure duration in100 ms (see Figure 12 and
Appendix 1), but failed to do so for exposure duration from 200
to 500 ms in Experiment 1 and 500 to 2000 ms in Experiment 2
(see Figure 13 and Appendix 2). In other words, it is relatively
easy to detect inversion superiority effect with short exposure
durations than with longer exposure durations.

Finally, according to Flin (1985) which suggested that stimuli
discrimination may interfere with inversion effect. The mean
accuracy for participants’ performances was higher than 99% in
the early study by Young et al. (1987), and it was similarly high in
Hole’s (1994) study (i.e., 88%). These results suggest that the faces
(and their composites) used in the earlier study were relatively
easy for participants to judge, and if the composite faces were too
hard to judge, inversion effect might not be obtained at all. As
Flin had remarked, inversion effect cannot be detected if there
were floor (or ceiling) effect, which points out the possibility
that perceptual discriminability of face stimuli may modulate the
presence as well as strength of holistic processing. However, there
has been very little research to investigate systematically how
perceptual discriminability may affect holistic processing.

GENERAL DISCUSSION

Taken together, the results from Experiments 1 and 2, revealed
the separation between holistic processing and part-based
processing, and as such gave credence to the dual-route model
on face recognition envisioned by McKone (2010).

It is also interesting to note that at 500 ms of exposure
duration, holistic processing was found in Experiment 1, but not
in Experiment 2. There are some possibilities, for example, one
possible explanation for the discrepancy is that holistic processing
could be under the influence of spatial distance between a pair of
stimulus faces. Another explanation is the design and the mask
to cause the differences. In the future, it needs to be further
manipulated for this issue.

In summary, the results of Experiments 1 and 2 indicated
that holistic processing was maintained until 2000 ms, supporting
the prediction by Richler et al. (2009). However, it is not

supported that holistic processing would automatically occurred
at part-base performance that was above chance. According
to the third hypothesis (Figure 7) from Richler et al. (2009),
they predicted that congruency effects are obtained as above-
chance performance (of part-based processing) is observed
and their results reveals that congruency effects were obtained
in 50 ms to 800 ms when the performances were better
than chance. In contrast, the results suggested that even
when part-based performance was better than chance, holistic
processing did not occur automatically. For example, with
exposure durations of 1000 and 2000 ms, holistic processing
did occur. Rather, it seems that sufficient exposure duration is
a key factor for producing evidence for holistic processing. In
addition to exposure duration, if the spatial distance between
two face stimuli was too great to see the pair of faces
simultaneously, holistic processing may also be compromised.
In the future, it is necessary to investigate systematically how
perceptual discriminability and spatial factor may affect holistic
processing.
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APPENDIX

Appendix 1: Experiment 1
There was a 2 × 2 × 3 repeated-measured ANOVAs conducted
with Orientation (upright/inverted), Exposure time (100, 200,
and 500 ms) and Response (same/different) as within-participant
variables. A significant main effect of exposure time was
found, F(2,34) = 92.2, MSE = 1.15, p < 0.001, η2

p = 0.844,
which was modulated by two-way interaction with orientation,
F(2,34) = 5.14, MSE = 0.058, p < 0.05, η2

p = 0.232. A simple main
effect revealed that the performance of inverted faces (M = 0.56)
was better than that of upright faces (M = 0.49) in 100 ms
(p < 0.01), but there were no significant differences in 200 and
500 ms (ps > 0.05). As a result, inversion superiority effect was
found in 100 ms. There was a significant two-way interaction
between orientation and response, F(1,17) = 23.23, MSE = 0.61,
p < 0.001, η2

p = 0.577. The difference between accuracy of
different and same trials in the upright faces (M = 0.17) was
greater than that in the inverted faces (M = −0.04). No other
main effects and interactions were found.

Appendix 2: Experiment 2
The mean accuracy in each condition was first submitted to a
three-way mixed-measured analysis of variance (ANOVA) with

face orientation (upright vs. inverted) and response (same vs.
different) as within-participant variables and exposure duration
(500, 1000, and 2000 ms) as between-participants variable. The
results showed that performance on upright trials (M = 0.77)
was better than that on inverted trials (M = 0.74), as reflected
in a significant main effect of orientation, F(1,55) = 9.19,
MSE = 0.07, p < 0.001, η2

p = 0.143. However, inversion
superiority effect was not found. There was also a main effect of
response, F(1,55) = 26.07, MSE = 0.82, p < 0.001, η2

p = 0.322.
A main effect of exposure time was found [F(1,55) = 9.92,
MSE = 0.31, p < 0.001, η2

p = 0.265]. Although two-way interaction
between orientation and response was found, F(1,55) = 4.15,
MSE = 0.89, p < 0.05, η2

p = 0.07, the difference between
accuracy of different trials and same trials in the upright faces
(M = 0.16) was greater than that of the inverted face (M = 09).
The present study also reveals the two-way interaction between
exposure time and response [F(2,55) = 3.19, MSE = 0.10,
p < 0.05, η2

p = 0.104], but two-way interaction between
orientation and exposure time was not found. No three-way
interaction was found [F(1,55) = 1.22, MSE = 0.026, p > 0.05].
According to these results, inversion superiority effect cannot be
obtained.
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