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Abstract—As the abilities in facial emotion recognition 

continue to provide relevant clinical information as well as 

organizational decision makers the need for valid and reliable 

instruments to assess the success of standardized systems for 

measuring facial emotion recognition is increasingly important.  

In this study 59 participants underwent two administrations of 

the “Pictures of Facial Affect-Ulm” for measuring facial emotion 

recognition abilities with an average time interval of 7.06 days 

(SD = 2.91). Results revealed that PFA-U provides high test 

retest-reliability that can be used for defining pre- and post-

intervention scores in a wide range of application areas (e.g. 

performance in facial emotion recognition for patients with 

neurological or mental disorders in therapeutic setting).  

 
Index Terms—facial emotion recognition, test retest-reliability, 

pre- and post-intervention scores 

 

I. INTRODUCTION 

N many areas of emotion research, images of emotional 

facial expressions are used to stimulate emotions, test 

emotion recognition abilities, or define and describe emotion 

categories. When using facial emotional stimuli for 

experimental studies, the quality of the results is directly 

related to the validity and reliability of the emotion stimuli 
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used. Although facial emotion recognition seems to belong to 

the general abilities of human beings, individual differences 

can be detected. For some factors, e.g. age, gender, personality 

or status general differences in emotion recognition can be 

observed [1-5]. Some factors actually influence social and 

professional life quite heavily. E.g. [6] could find a correlation 

between extraversion, transformational leadership and emotion 

recognition abilities for experts and management. [7] detected 

advantages in emotion recognition for people of lower status. 

Patients with mental or neurological disorders like anxiety 

disorder, depression or apoplexy show specific problems in 

some areas of emotion recognition, which often cause 

particular problems in social interaction [8-11]. These before 

mentioned descriptions clarify the relevance of emotion 

recognition in daily life. Tests for proving facial emotion 

recognition could not only help to detect deficits, but could 

also be used for training purposes or evaluation. It is 

imaginable that picture material can be used to train 

appropriate reactions in an interaction. To ensure these 

intentions, validity and reliability of the picture material has to 

be guaranteed. 

One of the most prominent features to guarantee a well-

established test with excellent psychometric qualities is test 

retest-reliability. Test retest-reliability or repeatability 

concerns the variation in measurements taken by the same 

instrument and population under the same conditions. 

Differences in values can be monitored, e.g. changes in facial 

emotion recognition. Often a “critical difference” is defined. 

Values that are smaller than this critical difference can be 

ascribed by the success of a certain (clinical) treatment. 

Training procedures are e.g. used in the field of autism 

spectrum disorders. Autism is defined by impairments in social 
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interaction, impairments in communication, and restricted 

interests and repetitive behavior [12]. Studies show (e.g. [13]) 

that adults with autism are seemingly able to compensate for 

these deficits by using effortful cognitive strategies based on 

learned associations and prototypical references to label 

emotional expressions. It is quite possible that this fact can be 

used for specific training procedures enabling people with 

autism to assign different emotions in their interaction partner 

more easily. This may lead to more successful social 

interactions and improve quality of life for autistic patients.  

This study reports on the test retest-reliability for the PFA-U 

– a standardized and picture set for measuring facial emotion 

recognition abilities. PFA-U was used twice in a non-treatment 

setting to detect possible differences in performance. It was 

intended to achieve an accordance of at least 70%. 

 

II. MATERIAL AND METHODS 

A. General Methods 

A new set of FACS-based pictures for the six emotions 

(happiness, sadness, disgust, anger, surprise, and fear) called 

“Pictures of Facial Affect Ulm” (PFA-U) was created and 

tested in advance [14]. Therefore, a total of 2,810 pictures of 

48 people out of five different perspectives were taken under 

standardized conditions (see Fig. 1). Frontal pictures were 

evaluated first in order to select the expression with the highest 

recognition rate for each person. Recognition results varied 

between 71% for fear and 99% for happiness, but were quite 

homogeneous within the distinct emotional categories. 96 

pictures (two emotional pictures per person) with recognition 

rates above 55% were chosen for further analysis and final 

selection. For the final image set consisting of 48 people 

showing one emotional facial expression, naturalness, 

attractiveness and intensity were concerned to create a highly 

standardized picture for documenting the ability of facial 

emotion recognition[15-16]. Pictures can be embedded in the 

FEEL test software [17] to ensure a standardized testing of 

human emotion recognition ability. This new picture set can be 

used for future studies in terms of emotion management, and 

especially emotion recognition and stimulation. The 

additionally available perspectives offer the possibility for a 

more detailed analysis of recognition processes. 

 

 
Fig. 1.  Setup for stimulus development out of five perspectives 

 

B. Participants 

A total of 59 psychology students (average age = 23.55; SD 

= 4.38) participated in this study. All participants confirmed in 

writing that their participation was voluntary in accordance 

with the ethical guidelines (ethics commission 

245/08_UBB/se). 10.45% of the sample was male. Participants 

received a credit of one hour's participation.  

C. Hypotheses 

It was hypothesized that facial emotion recognition can be 

defined as a basic human ability. To ensure that pre- and 

posttest scores measure influences of treatment solely, 

accordance rates between test 1 and test 2 should be eventually 

high. Backwards this means that no significant differences in 

emotion recognition performance were expected for test 1 and 

test 2.  

D. Procedure 

Participants were invited to do the test online. Therefore 

environment factors very carefully introduced to maximize 

standardization. Students were asked to use the same computer 

for both tests. Subjects looked at the 48 portrait pictures in the 

following manner: in a randomized order every frontal 

emotional picture was displayed on a computer screen. Picture 

material was scaled, that means height was constant for all 

participants apart from monitor size. Subjects were asked to 

rate the same 48 emotional pictures at two different points in 

time (average time interval = 7.05 days; SD = 2.91). Each 

participant created an individual code to a) ensure anonymity 

and b) allow for attribution for the two testing times. For the 

second testing it was not communicated to the participants that 

they have seen the same picture material in advance. 

 

III. RESULTS 

To assess the reliability of this picture set two methods were 

intended to use: paired Wilcoxon-tests (due to the missing 

normal distribution) and correlations. Wilcoxon-tests were 

conducted to determine the difference in mean responses on 

emotional level for measurement 1 and measurement 2. 



 

Therefore average emotion recognition rates were calculated 

(see table 1) on the basis of correct labeling. Happiness was 

recognized best in both test situations, fear was recognized 

worse. The sequence in correct emotion labeling was identical 

for both testing times. 

 
Tab. 1.  Performance in emotion recognition task for measurement 1 and 

measurement 2 (in percent) 

 

 Measurement 1 Measurement 2 

Fear 79.79 82.47 

Sadness 84.31 86.34 

Disgust 89.44 90.79 

Surprise 93.21 95.81 

Anger 94.54 96.34 

Happiness 99.57 98.35 

Average recognition rate 90.14 91.68 

 

Wilcoxon-tests revealed no significant differences between 

the two testing times for fear (Z = -1.159; p = .246), anger (Z = 

-1.249; p = .212), disgust (Z = -0.300; p = .764), happiness (Z 

= -1.869; p = .062), sadness (Z = -0.461; p = .645), and 

surprise (Z = -1.1550; p = .121) as well as for the average 

recognition rate (Z = -1.415; p = .157). 

The correlation coefficient due to Spearman between the 

two individual performances was unfortunately not sufficient 

for this context. The explanatory power of this measurement 

was constricted by varying basic populations. As subjects 

could attend online, some pictures (less than 5%) were not 

displayed correctly. Therefore accordance between the two 

testing times would have been underestimated by calculating 

correlations. For example, the correlation coefficient for 

happiness (detected nearly up to 100% for both measurements) 

was only r =     -.055. As it was intended to include only “real 

pairs” – means stimuli that were correctly displayed for both 

testing times, correct accordance between measurement 1 and 

2 was calculated individually for each participant. Incorrect 

accordance is defined as the decision for the same incorrect 

emotional label for both testing times and was not considered 

here. The number of correct and consistent responses was 

added and divided by the number of stimulus pairs (means the 

same stimulus rated two times). Accordance rates are: 73.24% 

for fear, 82.09% for sadness, 84.98% for disgust, 91.33% for 

anger, 92.01% for surprise, and 98.13% for happiness. As a 

good test retest-reliability is defined by correlations of at least 

r = .7 [18], percentage agreements of at least 70% are highly 

sufficient.  

 

IV. DISCUSSION 

Three potential problems have to be concerned when 

applying the test retest-reliability: recall, time, and reactivity 

[19]. A recall problem can potentially arise when participants 

are tested within a too short time interval. Subjects may recall 

their responses out of memory and decide based on this recall. 

This would influence consistency of the instrument. Similarly, 

a time problem can arise if the subjects are administered the 

(emotion recognition) task within too long time interval. 

Differences in responses may be due to intrinsic changes and 

not inconsistencies in the instrument. At last, reactivity may 

arise when participants are asked to repeat the test for several 

times. Subjects get sensitized for the test and learn to respond 

as presumably expected. In this study only a short time interval 

was used to test conservatively possible learning effects. If 

significant improvements in emotion recognition performance 

had occurred these would have been attributed to recall effects. 

But results of this study indicate a) no significant differences 

and b) high agreement rates for both testing times. The PFA-U 

was found to have highly sufficient test retest-reliability rates.  

The current study makes an important contribution in that it 

provides information about the reliability of a standardized 

picture set for measuring emotion recognition performance. So 

far, this was not reported for other picture sets used in science. 

The results suggest some clinical implications. PFA-U can be 

used to detect improvements in facial emotion recognition in 

therapeutic settings. For example, training effects for patients 

with autism spectrum disorders can be tracked.  

One limitation of the study is that divergent basic 

populations occurred due to the adoption of an online testing 

method. In future studies it should be assured that correlation 

coefficients can be produced. Studies with longer time 

intervals and more testing times would complete the first 

impression of test retest-reliability in facial emotion 

recognition presented here. Nonetheless, the results found in 

this study demonstrate a high degree of test retest-reliability.  

 

V. CONCLUSION 

It was intended to estimate test retest-reliability for a 

standardized picture set for analysis facial emotion recognition 

performance – the “Pictures of Facial Affect-Ulm” (PFA-U). 

In this study high accordance rates could be detected between 

the two measurements representing a high test retest-reliability. 

PFA-U can be used for monitoring progresses in e.g. clinical 

or therapeutic setting in which facial emotion recognition 

performance is intended to be improved.  
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