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Abstract 
In this study, the validity of a new method for sex determinaƟon, Diagnose Sexuelle 
Probabiliste (DSP), was tested using ten coxal measurements obtained from 43 ancient 
Nubian individuals. Using staƟsƟcal analyses, differences in means between females 
and males and the discriminant power of each metric variable were tested. The inter-
observer agreement between the sex determinaƟons by the author and the DSP2 pro-
gram was also tested. The sex of 34 individuals was determined using the DSP2 pro-
gram with a sexing accuracy of 100% according to the sex esƟmaƟon of the author. 
Metric variables with significant difference in means between sexes displayed sexing 
accuracies between 89,7-97,1%, while, metric variables with no significant difference in 
means between sexes displayed sexing accuracies between 72,2-78,3%. The inter-
observer agreement between the results of the author and the DSP2 program were of 
very good strength. Conclusively, the DSP method is highly recommended to be used in 
the sex esƟmaƟon of skeletal remains and is assessed to be an accurate method to be 
used on ancient Nubian skeletal material as well. 
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IntroducƟon 
TradiƟonally, the first step in an osteological analysis is the determinaƟon of sex and age
-at-death of an individual, gathering key variables for the creaƟon of a demographic  
profile if the individual is part of a skeletal populaƟon. Sexual dimorphism is oŌen more 
pronounced in the pelvis, which is regarded the most reliable part of the skeleton for 
sex determinaƟon with a sexing accuracy of 98% as reported by Mays and Cox (2000; 
Brůžek and Murail 2006). Here, the male pelvis is generally narrower and more robust 
as opposed to the wider and more gracile female pelvis, which reflects the gestaƟon and 
parturiƟon abiliƟes of females. When reading about the sexual dimorphic traits and fea-
tures of the os coxae, such as the subpubic angle, greater sciaƟc notch, ventral arc, sub-
pubic concavity, and preauricular sulcus, one would think that the determinaƟon of sex 
is a rather brief and easy process, where the sex is immediately given away by the pelvic 
morphology. Unfortunately, to the frustraƟon of many bioarchaeologists and especially 
less experienced analysts, this is not always the case. Challenging our someƟmes-
unintended binary percepƟon of the world, individuals do not always display unambigu-
ous female or male traits, and someƟmes an individual may display both female and 
male morphological traits and features. AddiƟonally, fragmented material can compli-
cate the process. In order to overcome such obstacles when determining the sex, new 
methods and techniques drawing on staƟsƟcs have been developed over the past two 
decades and have been proposed to ensure a more accurate and reliable determinaƟon 
of sex. One of such methods and techniques is the focus of this study, in which the ap-
plicability of a new technique for sex determinaƟon, DSP, will be tested and evaluated 
using skeletal material from a Nubian collecƟon. This paper is an adapted version of an 
unpublished exam project in the independent self-study course Archaeological Analysis 
at the University of Copenhagen (Thormann 2022). 

The Scandinavian Joint ExpediƟon to Sudanese Nubia 
The bioarcheological interest in Nubia has since its beginning been rooted in the geo-
graphical locaƟon, where the Sudanese Nile Valley was seen as a natural gateway be-
tween southern and northern Africa. The trade routes established in the pre-dynasƟc 
period facilitated contact between Mediterranean and Sub-Saharan cultures, and the 
movement between populaƟons of different geneƟc backgrounds was of key interest to 
the early anthropological studies of ancient Nubia (Binder 2019). With the construcƟon 
of the Aswan High Dam between 1960-1971, the Nile Valley was flooded to a great ex-
tent, creaƟng the water reservoir, Lake Nasser, between Aswan and the Second Cata-
ract. With no financial resources required for archaeological salvaƟon projects along the 
Nile Valley, where archaeological sites and monuments located in the reservoir area 
would be submerged, Egypt and Sudan reached out to UNESCO, asking for internaƟonal 
help. Teams from 21 countries helped excavate more than a third of around 1000 rec-
orded sites. Here, large-scale mulƟ-period collecƟons of human remains, which would 
later serve as main sources for bioarcheological informaƟon of ancient Nubian popula-
Ɵons, were uncovered. One of these collecƟons were uncovered by Denmark, Finland, 
Norway, and Sweden, who financed the Scandinavian Joint ExpediƟon to Sudanese Nu-
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bia. The excavaƟons of the expediƟon were concentrated to the east banks of the Nile 
Valley, stretching from the EgypƟan border and 60 km south, covering districts includ-
ing Faras, Serra, Debeira, Ashkeit, Sahaba, Wadi Halfa, Abka, and Gamai. For his doc-
toral thesis, O. Vagn Nielsen conducted thorough examinaƟons of the material and 
studied metrical and non-metrical anatomical variaƟons between samples of different 
periods (Vagn Nielsen 1970). Today, the collecƟon is curated at the Laboratory of Bio-
logical Anthropology at the University of Copenhagen. 

The Nubian skeletal material 
For this project, the skeletal collecƟon from the Scandinavian Joint ExpediƟon to Suda-
nese Nubia was used with the courtesy of the Laboratory of Biological Anthropology at 
the University of Copenhagen. The complete collecƟon excavated during the Scandina-
vian Joint ExpediƟon comprises 1546 individuals from seven chronological periods 
spanning from 3000 BCE to around 1100-1200 CE. In chronological order, these are the 
so-called A-group, C-group, Pharaonic, MeroiƟc, X-group, ChrisƟan, and Muhammadan 
(Islamic) periods, with the majority (n=653, 42,2%) of the individuals belonging to the C
-group (Vagn Nielsen 1970). For this project, a total of 43 individuals with preserved os 
coxae were analyzed and measured. Four of these individuals were excavated in un-
dated contexts, and the remaining 39 individuals dated to the C-group (n=4), MeroiƟc 
(n=18), Pharaonic (n=16), and X-group (n=1) periods. 

Methods: Diagnose Sexuelle Probabiliste (DSP) 
In 2005, Murail et al. developed the Diagnose Sexuelle Probabiliste (DSP) method, 
based on the paƩern of sexual dimorphism observed world-wide in the os coxae of 
males and females. Using 17 metric variables of the os coxae, the examinaƟon of 2.040 
individuals of known sex from 12 metapopulaƟon samples formed the basis of the de-
velopment of the method. By idenƟfying a “common sexual dimorphism paƩern 
among modern human populaƟons with the help of discriminant analyses”, ten out of 
the 17 iniƟal metric variables were selected, based on their discriminant power and 
their preservaƟon rate, ensuring the applicability of the DSP method on skeletal popu-
laƟons from all over the world (Tab. 1, Fig. 1) (Murail et al. 2005, 169). The first eight 
variables in the table were selected because of their discriminant power and are 
ranked accordingly with PUM being the most discriminant variable and SA being the 
least discriminant variable. The last two variables, SIS and VEAC, were selected be-
cause of their preservaƟon rate in archaeological contexts and should only be used as 
part of the DSP method if only three or less of the other variables (PUM, SPU, DCOX, 
IIMT, ISMM, SCOX, SS, and SA) are available for proper measurement. In 2017, an arƟ-
cle introducing a new soŌware program facilitaƟng the DSP method, DSP2, was pub-
lished, using the same previous sample and two new samples to test the soŌware 
(Brůžek et al. 2017). Results showed that the applicaƟon of DSP2 could determine 
90.98% of the total number of individuals with a 99,65% accuracy, if the eight variables 
of high discriminant power (PUM, SPU, DCOX, IIMT, ISMM, SCOX, SS, and SA) were 
used. Even the usage of the four most discriminaƟng variables could determine 87,17% 
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of the total number of individuals with a 99,53% accuracy. The usages of the four least 
discriminaƟng variables could only determine 41,49% of the individuals, however with 
an accuracy of 98,67%. 

In this project, the individuals from the Nubian sample were first examined and their 
sex determined by the author. All bones were used in the determinaƟon of sex, but 
features of the os coxae, which were assessed based on the methods of Buikstra and 
Ubelaker (1994), were the overruling factors in the final sex determinaƟon. Second, the 
ten ox coxae measurements previously presented were obtained for each individual 
with a sliding caliper, pelvimeter or an osteometric board and entered into the DSP2 

Table 1: 
List of the ten coxal measure-
ments used in the DSP meth-
od with descripƟon and origi-
nal reference.  

Figure 1: Ten coxal measurements used in the DSP method. From top leŌ: a. PUM, b. SPU, c. DCOX, d. IIMT, e. ISMM, f. SCOX,  
g. SS, h. SA, i. SIS, and j. VEAC. Photos © Mathilde Sehested Thormann, from Thormann 2022. 
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program. Having run the datasets of the os coxae metric variables through the DSP2 
program, the program will determine the sex of the individuals based on Fisher’s linear 
discriminant analysis. AddiƟonally, the program would calculate the posterior proba-
bility of the individual being male (PM=1, PF=0) or female (PF=1, PM=0), based on the 
prior probability that a metric observaƟon would indicate either male or female (0,5). 
Sex could not be determined reliably if the posterior probability was below the thresh-
old of 0,95, indicaƟng “N/A” as a result instead of either “Male” or “Female”. 

For data analysis, the parametric independent samples t-test and binary logisƟc re-
gression as well as the non-parametric Cohen’s Kappa test were conducted. The inde-
pendent samples t-test was used to detect potenƟal staƟsƟcally significant differences 
in means and variances between the sexes for each metric variable, and the binary 
logisƟc regression was used to test if sex can be determined based on the measure-
ment of each metric variable, thus tesƟng the discriminant power of each metric varia-
bles using predicƟons. The Cohen’s Kappa test was used to measure the inter-observer 
agreement between the sex determinaƟons by the author and the DSP2 program. All 
staƟsƟcal analyses were conducted using the SPSS (v. 28) program. 

Results 
Out of 43 individuals, the sex of 34 individuals could be determined and was deter-
mined correctly in accordance with the subjecƟve sex esƟmaƟon of the author. The 
sex of nine individuals could not be determined and were labeled as N/A, because the 
posterior probability was less than 0,95. In average, females were sexed with 99,81% 
accuracy, while males were sexed with 99,18% accuracy (Tab. 2). 

Independent samples t-test 
The differences in the distribuƟon of PUM, SPU, DCOX, IIMT, ISMM, SCOX, SS, and SA 
between males and females are illustrated as boxplots (Fig. 2a-j). Considering the 
different distribuƟon paƩerns of the os coxae measurements, there is a clear differ-
ence between the distribuƟon of some measurements observed between males and 
females (SPU, DCOX, IIMT, ISMM, and VEAC), where other measurements display no 
clear difference in distribuƟon (PUM, SCOX, SS, SA, and SIS). These observaƟons of 
clear differences between the distribuƟon of some measurements observed between 
males and females versus other measurements were tested to see if they were signifi-
cant, using an independent samples t-test. Results showed that SPU and VEAC display 
p-values under 0,05 in the Levene’s Test for Equality of Variances, which means that 
equal variances in SPU and VEAC are assumed, whereas the remaining metric variables 
displayed p-values over 0,05, which means that equal variances are not assumed. 
Looking at the results from the t-test of equality of means, where the p-value is read 
based on the results from Levene’s Test for Equality of Variances, several of the varia-
bles displayed p-values under 0,05, including SPU, DCOX, IIMT, ISMM, and VEAC. In 
this case, it is not assumed that males and females have equal means. The same can-
not be said about PUM, SCOX, SS, SA, and SIS, where a p-valued over 0,05 suggests 
that males and females have equal means (Tab. 3). The t-test for equality of means 
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Figure 2: Boxplots displaying the distribuƟon of the coxal measurements observed in males and females of the Nubian sam-
ple. From top leŌ: a. PUM, b. SPU, c. DCOX, d. IIMT, e. ISMM, f. SCOX, g. SS, h. SA, i. SIS, and j. VEAC. From Thormann 2022. 
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supported the inferences of difference in the SPU, DCOX, IIMT, ISMM, and VEAC metric 
variables among males and females. To no surprise, the variables with significant differ-
ence in means between males and females are the ones with higher discriminant power 
according to the DSP ranking, whereas the variables with no significant difference in 
means between males and females are the ones with lower discriminant power accord-
ing to the DSP ranking. Surprisingly though, is the fact that PUM, which is supposed to be 
the most discriminant variable, did not display a significant difference in means between 
males and females, and likewise that VEAC, which is not a discriminaƟng variable but on-
ly included because of its preservaƟon rate, did display a significant difference in means 
(Tab. 3). 

 

 

 

Table 2:  Data recorded for each individual and results from the DSP2 analysis. PF and PM are the posterior probability of an indi-
vidual being either sexed as female (F) or male (M) based on the combination of coxal measurements. Data left blank means that 
a variable was unable to be measured due to fragmentation of os coxa. Data in bold are scored either higher or lower than the 
DSP2 range variation.  

Table 3: Results from the 
independent samples t-test. 
P-values in bold are below 
the level of significance 
(0,05) and suggests that 
equal variances or means 
between sexes are not as-
sumed. 
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Binary logisƟc regression 
When conducƟng a binary logisƟc regression, b-coefficients are automaƟcally calculat-
ed and can be used to calculate the probability of an individual being either female or 
male based on the measurement of a given variable. If the probability is calculated to 
be below 0,50 (50%), the baseline model simply predicts that every individual is male 
based on the measurement, and on the other hand, if the probability was calculated to 
be above 0,50 (50%), the baseline model simply predicts that every individual is female 
based on the measurement. WanƟng to test how well the new model performs com-
pared to a baseline model, an omnibus test of model coefficients is used to test if the 
model is significantly beƩer than the baseline model. If the p-value is not below the 
level of significance of 0,05, the new model is not significantly improved from the base-
line model. Similar to the results from the t-test of equality of means, several of the 
variables displayed p-values under 0,05, including PUM, SPU, DCOX, IIMT, ISMM, and 
VEAC, meaning that the new models were significantly improved from the baseline 
models. The same cannot be said about SCOX, SS, SA, and SIS, where p>0,05 means 
that the new models were not significantly improved from the baseline model. In other 
words, the discriminant power of each metric variables was tested using predicƟons, 
and sex could accurately be determined in between 89,7-97,1% of the cases based re-
specƟvely on the SPU, DCOX, IIMT, ISMM, and VEAC measurements. On the other 
hand, sex could accurately be determined in between 72,2-78,3% of the cases based 
respecƟvely on the PUM, SCOX, SS, SA, and SIS measurements (Tab. 4). 

 

 

 

 

 

 

 

Cohen’s Kappa test 
One of the piƞalls of accurate sex determinaƟon is that the chance for determining 
correctly is already 50%, and thus the probability of determining sex accurately by 
chance is also high. Therefore, a Cohen’s Kappa test will measure the inter-observer 
agreement, and thus test the agreement between the results obtained by the author 
based on visual and qualitaƟve sex determinaƟon, and the results obtained by the 
DSP2 program based on metric and quanƟtaƟve sex determinaƟon, by factoring out 
agreement which happened due to chance. The level of agreement is measured with 
the Kappa value and can be assessed as either poor (k<0,20), fair (0,21≤k≤0,40), mod-
erate (0,41≤k≤0,60), good (0,61≤k≤0,80), and very good (0,81≤k≤1,00). Having excluded 

Table 4: Results from the 
binary logisƟc regression. P-
values in bold are below the 
level of significance (0,05) 
and means that the sexing 
accuracy of the new model is 
significantly improved from 
the baseline model. 
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results where the sex could not be reliably determined, comparison of the sex determi-
naƟon made by the author and DSP2 program produces a Kappa value of 1,0 which 
suggests a very good strength of agreement. Similarly, the agreement between the sex 
determinaƟon results obtained by the author and the results obtained by O. Vagn Niel-
sen back in 1970 was also tested. Here, a Kappa value of 0,837 also suggests a very  
good strength of agreement albeit not as strong as the agreement between the author 
and the DSP2 program (Tab. 5). 

Discussion and conclusions 
The sex of 43 individuals from ancient Nubia was determined using the DSP method 
based on ten different measurements of the os coxae. Through staƟsƟcal analysis, re-
sults confirmed the magnitude of sexual dimorphism as expressed in the os coxae. 
Differences in the distribuƟon of measurements observed between males and females 
were significant for the variables with higher discriminant power, whereas variables 
with lower discriminant power displayed no significant difference in means between 
males and females. AddiƟonally, staƟsƟcs were used to test the discriminaƟng power 
of each metric variable based on the probability of an individual being determined as 
either male or female based on the measurement of each metric variable. In general, 
variables of high discriminant power were able to classify between 89,7-97,1% of the 
results correctly, whereas variables of low discriminant power were able to classify 
between 72,2-78,3% of the results correctly. As a final staƟsƟcal test, the inter-
observer agreement was measured for the results obtained from sex determinaƟon by 
the author and the DSP2 program. Here, very good strengths of agreement were meas-
ured. 

All of these results suggests that the DSP method is a very reliable tool for sex determi-
naƟon. The DSP method for sex determinaƟon of skeletal material is advantageous for 
several reasons. It can be applied by everyone, also people with less experience in clas-
sifying os coxae into sexes, and it can be applied on fragmented os coxae (to a certain 
extent) as well.. When sex cannot be reliably determined due to fragmented coxal 
traits essenƟal to tradiƟonal sexing methods, the DSP method can be applied, requiring 
only a minimum of four traits to be preserved. Another advantage lies in the method’s 
ability to accurately classify individuals as either female or males independently of the 
geographic locaƟon of the sample, because the method was based on a heterogeneous 
sample consisƟng of metapopulaƟons from different conƟnents. The success of the 
method is rooted in the accuracy, which is a result of the high threshold, where sex 
cannot be determined if the posterior probability is below 0,95. Applying such a high 
threshold instead of the standard 0,5, limits issues of incorrect classificaƟon, but addi-

Table 5: Results from Cohen’s 
Kappa test of inter-observer 
agreement. Sex esƟmaƟon 
results where sex could not 
be reliably determined have 
been excluded. 
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Ɵonally it creates a high percentage of individuals, where sex cannot be reliably deter-
mined (Quatrehomme et al. 2017). Compared to the tradiƟonal method of sex deter-
minaƟon which relies on the subjecƟve scoring of visual traits and aƩributes, the DSP 
method offers an objecƟve alternaƟve, where metric data is recorded based on stand-
ardized measurements (Rodriquez et al. 2019; Brůžek et al. 2017). 

However, even though the collecƟon of metric data is considered an objecƟve process, 
the usage of sliding calipers and interpretaƟon of measurement descripƟon can lead to 
mistakes in the measuring process. The main disadvantage of the DSP method can thus 
be found in the idenƟficaƟon of the different measurements and their landmarks on 
the os coxae, where a misreading of the measurements could lead to the calculaƟon of 
incorrect results. For instance, the SPU and IIMT measurements are at Ɵmes quite diffi-
cult to obtain correctly, and addiƟonally, the arcuate line and acetabular rim are some-
Ɵmes difficult to idenƟfy properly. As suggested by Rodriguez et al. (2019), the method 
could be improved by adding new measurements concerning other sexual dimorphic 
features, such as the subpubic angle and pubic arch. This would help the sex determi-
naƟon of the high percentage of individuals, where sex cannot be determined because 
of the high threshold for discriminant analysis, where either lack of relevant coxal fea-
tures or varying degree of sexual dimorphism makes the sexing unreliable. 

Future research on the applicaƟon of the DSP method on ancient Nubian material 
could include tesƟng of sexing accuracy using different combinaƟons of variables, such 
as the eight and four most discriminaƟng variables, and the four least discriminaƟng 
variables. Such tests of different combinaƟons of variables requires a sample of com-
plete os coxae. The Nubian sample used in this study included fragmented os coxae, 
and thus different combinaƟons of variables were difficult to test. Another element of 
this study which should be drawn awareness to, is the basis of comparison for accurate 
sexing. The sex esƟmaƟon results by the DSP2 program are in this study compared 
with the sex esƟmaƟon results by the author because the true sex of the individuals is 
unknown. In order to get a more accurate picture of the DSP2 program and its ability 
to determine sex accurately, samples of known sex should be used in these kinds of 
studies. 

But despite its premises and preliminary nature, this study presents one of the few en-
gagements with the Nubian skeletal collecƟon from the Scandinavian Joint ExpediƟon 
since the extensive studies by O. Vagn Nielsen (1970), and to the extent of the author’s 
knowledge, it is the first of its kind to test the validity of the DSP method on ancient 
skeletal material from this region. In conclusion, the DSP method and its affiliated soŌ-
ware program is highly recommended to be used when esƟmaƟng the sex of skeletal 
remains, and addiƟonally, it is assessed to be an accurate method to use on ancient 
Nubian skeletal material as well. 
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