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How an inverted face is compared to upright face? Mental rotation or visual similarity?
A main major interest of research in face recognition was lies in explaining the Face Inversion effect Effect (FIE), in which. Accordingly, the recognition of an inverted face has been much worseis less successful than that of an upright face. However, this prior research has not devoted little efforts to in answer the following question: examining how does the cognitive system handles the comparison between upright and inverted faces.? The present paper discovers finds that this such comparison is made via the process ofbased on visual similarity and not throughrather than on mental rotation of the inverted face to the position of an upright face. In two experiments, a similarity scale is constructed, tested, and used to create an instrument to measure how well similar and dissimilar faces will be matched when presented in various orientations.Furthermore, it has been found out that visual similarity is based on certain mutual elements between these two faces called the “Inversion Resisting Elements” (IRE).  The IRE are symmetrical and salient components of the face such as round eyes and thick lips.

Research on face perception and recognition in over the last 50 years has focused on the ‘fFace inversion Inversion eEffect’ (FIE), according to which an upright face (with the (hair aboveon top and the, chin below) is recognized much better than an inverted face (chin aboveon top, hair below) (e.g., Maurer, et al., 2002; Rakover, 2002, 2013; Rossion, 2008, 2009; Valentine, 1988; Yin, 19691-7). The FIE is explained by two similar hypotheses, , 1) the the ‘configural processing’ hypothesis and the ‘holistic’, which propose that in comparison to the processing of an upright face, the processing of configural information related to the space between facial features and 2) holistic perception of the face as a whole. Both hypotheses propose that the processing of configural and holistic information is impairedinformation in an inverted face are impairedcompared to an upright face (e.g., Maurer et al., 2002; McKone, 2010; Piepers & Robbins, 2012; Rakover, 2013; Rossion, 2008, 20091,3,4,5,8,9). (Configural information relats to the space between facial features, and holistic information deals with the perception of the face as a whole.) NotwithstandingDespite the vast amount of research on the FIE, the following important question did not receive the appropriate research attention: of how does the cognitive system compares an inverted face to an upright face?  has been largely neglected. We use a simple Yes/No procedure to propose test two important hypotheses: visual similarity and mental rotation to be tested by a recognition experiment (i.e., a Yes/No procedure).	Comment by Elizabeth Caplan: “below” is a preposition, so it requires an object – below what? Once you say the hair is “on top,” then the chin can be “below” because it’s understood that the object is the hair.	Comment by Elizabeth Caplan: This change and other formatting revisions follow the journal “Nature” guidelines and the example of the following paper: https://www.nature.com/articles/s41598-019-53282-3

The Visualvisual-similarity hypothesis proposes that one’s a person’s decision is based on the visual similarity between the perceived inverted face and the remembered upright face (e.g., Rakover &Cahlon, 1989; Tversky, 1977)11,12. The Mentalmental-rotation hypothesis proposes that the inverted face as a whole is mentally rotated to the upright orientation and then it is compared to the remembered upright face (13-16e.g., Rakover, 2015; Rock, 1973, 1974; Valentine & Bruce, 1988). While Rock (1973, 1974) explained the FIE by proposing that the The impact of the FIE on a person’s cognitive system results in their has agreat huge difficulty in at mentally rotating each of the facial features and correctly imagining their spatial relationships to in the upright orientation14,15, . FigureHowever, Valentine & Bruce (1988) presented empirical evidence that supports the hypothesis that a face as a whole unite, as a Gestalt, is mentally rotated as a whole unit, in a way similar to the mental rotation of visual shapes (e.g., Cooper, 1975; Shepard & Metzler, 197116,17).   
These two hypotheses do not overlap since they appeal stem fromto two different distinct mechanisms. While the visual-similarity hypothesis is based mainly on the estimation of the number of mutual elements that compound the two faces10,12 (e.g., Rakover &Cahlon, 1989; Tversky, 1977), the mental-rotation hypothesis is founded on a mechanism that rotates the representation of the inverted face to the upright orientation and then examines whether it overlaps with the remembered upright face13-16,18 (e.g., Rakover, 2015; Rock, 1973, 1974; Shepard & Metzler, 1971; Valentine & Bruce, 1988). 
The main goal of the present paper is to decide empirically betweenexamine these two hypotheses. To carry outstudy this program,, we will conducted a variation of the Yes/No experiment that is based on the following manipulations and rationale. Let us suppose that byIn a preparatory experiment, we have constructed two groups of faces. The similar -group contains contained 7 seven different pairs, of faces each composed of two different faces, one: upright and one inverted, which were ranked very high on a our similarity scale. The non-similar group contains 7 seven different pairs, each composed of two different faces: , one upright, one and inverted, which were ranked very quite low on a the similarity scale. 
Given these, iIn the a study Study stage, 14 upright faces, similar and non-similar, were presented to the participants (those are the upright faces taken from the two groups: similar and non-similar). In the a subsequent test Testing stage, 28 inverted faces were presented. They were composed of the 14 old previously viewed faces ((which were presented inof the study Study stage) and 14 new faces. The 14 new faces are theincluded seven inverted faces, which were taken from the similar -group (7 similar inverted faces) and seven from the non-similar group (7 non-similar inverted faces). The participant’s task was to decide for each inverted face if it is was old (familiar) or new. 
Given this, the rational for the study is as follows. If the Visualvisual-similarity hypothesis is correct, then we can one should predict that the false-alarm performance measure for false-alarm of the 7 seven new, similar, inverted faces (FAs-faces) will be significantly greater than the false-alarm of for the 7 seven new, non-similar, inverted faces (FAns-faces). The reason for this prediction is this: wWhen the visual similarity between upright face and inverted face is high, there is a high greater chance likelihood of believing that a new face is an old  one,; hence, FAs-faces > FAns-faces.  
In contrast, if the Mentalmental-rotation hypothesis is correct, there will should be no significant differences between FAs-faces and FAns-faces;. The reason for this prediction is as follows. Wwhen an inverted face is rotated to the upright orientationposition, it is should be easy to decide whether or not the rotated faceit is congruent with the familiar remembered upright old face and to decide if whether the inverted Ttest face is old or new. 
To test these two predictions, we conducted two experiments. The purpose of the preparatory experiment Experiment (1) preparatory experiment, was to construct a similarity scale in order to createthe following two groups of faces: the similar-group and the non-similar group. The purpose of thetesting experiment Experiment (2) the prediction testing part (a)had two parts. The first, Similarity, was to test the above two predictions empirically, and part (b)the second, Orientation, had two important goals. First, to give an additional empirical support to the construction of the similarity scale and non-similar groups by using a different technique: ranking the similarity of the upright/inverted (UI) pairs of faces., and S second, to test wheither the distinction between the similar and the non-similar groups is was confined only to the UI group of orientation or if is this distinctionit could be generalized to the other UU, IU and II groups orientations, UU, IU and II. of orientations, i.e.,In other words, Part B of Experiment 2 was to test whether this distinction has the quality of resisting inversion transformation: UU, IU, II groups of orientationss.  
Experiment (1) preparatory Eexperiment 1 – Preparatory study

Participants, Design &, and Procedure: Thirty participants (21 females and 9 nine males, average age is 24.7) were shown on a computer screen a series of pictures on a computer screeneach consists of  six “oval-faces” without hair and ears. The number of participants was determined on the basis of a pilot study and previous experience with similar kind of experiments. The participants were undergraduate students who were rewarded by payment or course credit. Informed consent was obtained for the experiments reported here. In each trial, participants were presented with six oval shaped faces without hair or ears. one One oval-of the faces appeared in the upright orientation (hair aboveon top, chin below) and the other five oval-faces, which appeared in the inverted orientation (chin aboveon top, hair below) and, were arranged in a semi-circle below the upright face. Each oval The number of participants was determined on the basis of a pilot study and previous experience with similar kind of experiments. The participants were undergraduate students who were rewarded by payment or course credit. Informed consent was obtained for the experiments reported here. The oval-faces were was a different unfamiliar, black-and-white pictures image of a men facesan. The hair and ears were cut out omitted because external facial features would aid recognition19,20 (e.g., Bonner et al, 2003; Want et al, 2003). 
The experiment consisted of 180 trials, which were composed in the following way.    A total of                                                                                         
There were 30  180 trials included 30 different oval-faces.  Each one of them appeareding six times each in the upright orientation with five 5 different inverted oval-faces below, one of which matched the upright face. Thuat is, each upright face was associated with all the 30 faces in the inverted orientation (including itself), )hence, 180 trials = 6x30. For each trial  tThe faces, were chosen randomly for each and the trials, appeared also in a randomized order. The faces in each trial were exposed for 20 seconds, in which time the participant has had to choose among the five inverted faces the one most similar to the upright face from the five inverted faces at least one inverted face that is similar to the upright face. In eEach trial there werealso featured two whistles, which appeared afterat 10 and 18 seconds, to expedite the participant’s responses.	Comment by Elizabeth Caplan: This seems like a significant factor to the experiment. Is the idea original or has it been proposed, tested, published elsewhere? It proposes the hypothesis that alarms can speed up response times. Some sort of citation would be expected if this hypothesis is not a part of the present paper.
	Results and discussionMethod
Similarity scale. The main purpose of the preparatory present eExperiment 1 was to construct two groups of face pairs of faces: the similar-group and the non-similar group. To do do this, we constructed a similarity table of 30 upright oval-faces x 30 inverted oval-faces. The tFigureable 1 shows how manywell the 30 participants (out of 30) indicated that an  certain inverted face is was similar to a certain the correct upright face. Based on this tableresult, we built the a similar- group in the following way (see Figure 1): weby selected selecting 7 seven different pairs of faces for which participants had correctly matched the (each pair consisted on upright face to its inversion to a high degree ( and a different inverted face) which were different from each other with a high number of participants that indicated a similarity between upright and inverted faces: the range of similarity was between 27% to 67% of the participants.) The non-similar group was constructed in the same way: we selected 7 seven different pairs of faces (upright and inverted) which were different from each other with but had a low number of participants that who indicated a similarity between the upright and inverted faces: the low range of similarity was between 3% to 17%. The pairs in these two groups were different from each other. 
                                       =========================
                                             Insert Figure 1 about here
                                      ===========================          
	The above table of 30 upright faces x 30 inverted faces included also the information regarding how many participants indicated that a certain inverted face is similar to itself in the upright orientation. It has beenwas found that on the average, 82% of the participants indicated that the an inverted face is was similar to itself in the upright orientation. In comparison, on thean average of 23% of the participants indicated that a certain inverted face is was similar to a different distinct upright face. This finding suggests that the number of elements mutual to upright face X and inverted face X is greater than the number of elements mutual to upright face X and inverted face Y. 
	Experiment (2) the – pPrediction testing parts (a & b)
Part (a)A – Similarity
Participants, Design, & and Procedure: Twenty participants (15 females and 5 five males, average age is 24.75 years) were shown on a computer screen a series of pictures on a computer screen each consists consisting of one upright “oval-face”face, one a at the a time. The experiment consisted of two stages: study Study and testTest and was, a variation of the common yesYes/no No recognition experiment. In the study Study stage, participants were shown 14 upright oval-faces., E each face was exposed for 3s. with an at intervals of 1s. between faces. These upright oval-faces were taken from the above two groupsboth: the similar and the non-similar groups. The faces in this stage were and presented in a randomized order. In the tTest stage, participants were shown 28 inverted oval-faces  all of them in the inverted orientation. These faces includedincluding 14 old faces that appeared in the study Study stage. The 14 new inverted oval-faces were taken from both the above two groups: the similar and the non-similar groups. The faces in this stage were also presented in a randomized order.	Comment by Elizabeth Caplan: “old” and “new” are now variables, which are always italicized.
	The participants were informed that they will would take part in two experiments in succession. The instructions for each experiment will bewere read before the beginning of each experiment. For part (a) they were informed that the present experiment consists of two stages. In For the sStudy stage, they participants have were told to concentrate on the upright oval-faces and attempt to remember them. In the test Test stage, they will bewere presented with old and new inverted oval-faces, one at the a time, and they will havehad to decide if whether the presented inverted facethey is were old (which were presented previously) or new. They will havehad 10 sec. to make their decision. , aAfter 5s sec., a whistle will be heardsounded to expedite their decision.	Comment by Elizabeth Caplan: See previous comment on this hypothesis – that a warning will hasten decision-making. I recommend using only the following:
At 5s, a sound indicated that only half the time remained. 
….. You could also add the following phrase to the end of the sentence (after a comma):
 in an attempt to expedite their decision.
Part (b)B – Orientation
Participants, Design & Procedure: The above same 20 participants were shown a series of pair of faces, one at a time, on a computer screen a series of pair of “oval-faces”, one pair at the time. All the pairs were constructed of the above 14 pairs [upright oval-face and inverted oval-face (UI)] which were constructed in the preparatory study, Experiment (1) preparatory experiment. Each face pair was presented in four possible orientations: upright/inverted (UI), upright/upright (UU), inverted/inverted (II) and inverted/upright (IU). Given thisA total of 56, face pairs (4x14) = 56 pairs of faces were presented one by oneat a time in a randomized order. Each pair was presented for 10s sec. on the screen to . This time allows the participant to rank the degree of similarity of thebetween the faces in ton the presented pair:screen. After 5s, a whistle sounded to indicate that half the time remained. 
Figure 2 shows how face pair orientation relates to the similarity ratings.  A score of 1 signifies that the faces are were not viewed as similar at all, and while a 5 signifies that the faces are were perceived as very similar. After 5 sec. a whistle is heard to expedite their decision.



Results
Part (a) The main results appear in Figure 21: While there is no significant difference between Percent Hits in the similar -groups (%Hs) and Percent Hits in the non-similar -groups (%Hns), Percent Falls-Alarm in the similar-groups (%FAs) is significantly greater than Percent Falls-Alarm in the non-similar-groups (%FAns). A repeated measurement 2 (Hits, Falls-Alarm) x 2 (Ssimilar group, Nnon-similar group) ANOVA supports this observation: F(1,19) = 9.56 p<.006 µ2=.34; An LSD  test revealed a significant difference between %FAs=55.0% and %FAns=35.7% p<.007 but not between %Hs and %Hns.
                                      =============================
                                               Insert Figure 2 2 and 3 about here
                                      =============================
Part (b) The main results appear in Figure 32: The similarity ranking of the pairs in the similar group (SRs) was higher than the similarity ranking in the non-similar group (SRns) in all the four groups: UI, UU, IU and II. A repeated measurement 4(UU, UI, IU, II) x 2(Similar group, Non-similar group) ANOVA supports this observation: F(3, 57) = 27.92 p< .0001 µ2=.595. A LSD test done within each of the four groups revealed that SRs was significantly higher than SRns at the level of p<.001.
Discussion
The main results of the present study are as follows: First, FAs is greater than FAns, while no significant difference has beenwas found between Hs and Hns. Second, the SRs is was higher than the SRns in each one of the four groupsorientation: UU, UI, IU, II. The first result supports the visual similarity hypothesis that the cognitive system compares an inverted face with an upright face by conducting a visual similarity between the perceived inverted face and the remembered upright face10,11 (e.g., Rakover & Cahlon, 1989; Tversky, 1977). The result does not support the mental rotation hypothesis, since it predicts no significant difference between FAs and FansFAns.	
The second result supports the validity of the construction of the two groups of pairs of faces: similar and non-similarsimilarity scale:; the SRs is greater than the SRns forin the UI group orientation and also in the other three orientationsgroups: UU, IU, II. Moreover, the finding that SRs > SRns in for all these four groups orientations suggests the following. The distinction between the similar and non-similar groups indicates that it is not confined only to the UI grouporientation. Rather, the distinction generalizes to all other groupsorientations. This finding suggests that the similarity between different faces resists the transformation of inversion. If we assume that similarity is founded on mutual elements that resist transformation of inversion, inversion resisting elements (IRE), we may propose that IRE have the qualities of symmetry and saliency, for example, round or narrow eyes, fleshy lips, wide nose, and thick eyebrows. This explains well the above finding;: the similarity of an upright, oval- face with itself in the inversion orientation is much higher than the similarity between an upright face with a nother different inverted face. The reason for this is could be that the number of mutual symmetrical and salient elements in an upright face X and an inverted face X is much higher than in an upright face X and an inverted face Y. Furthermore, the IRE may also explain the hypothesiswhether that recognition of inverted faces is based mainly on featural information2,3,12 (e.g., Rakover, 2002, 2013; Rakover & Cahlon, 2001). Promising future research would discover which IREs are the most (or least) salient for successful face recognition.
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Figure 1: Examples of similar and non-similar pairs of oval-faces. The left face was presented in the upright orientation and the middle one in the inverted orientation. The upright face in the right is the same as the inverted one. It is presented here for the sake of comparison. 


Figure 21: Percent Hits and False Alarm as function of similar and non-similar groups of pairs of different oval-faces.  








Figure 23: Similarity ratings as a function of the face pairs of oval-faces orientations and of similarity and versus non-similarity groups of pairs of different oval-faces.  
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Figure 3: Examples of similar and non-similar pairs of oval-faces. The left face was presented in the upright orientation and the middle one in the inverted orientation. The upright face on the right is the same as the inverted one. It is presented here for the sake of comparison. 	Comment by Elizabeth Caplan: There is no reference to this figure in the text.
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