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MMS v1.61: User Manual 

v. 1.0 

 

 
1.0 Introduction  
 

 Ancestry estimation is an integral part of establishing a biological 
profile on unknown human skeletal remains. Ancestry estimation is 
accomplished through multiple methods including macromorphoscopic trait 
analysis (Hefner, 2009; Plemons and Hefner, 2016). Macromorphoscopic 
traits are quasicontinuous morphological traits of the cranium, which Brues 
(1958) describes as reflective of soft-tissue differences in the living. 
Macromorphoscopic traits are divided into five classes of observations: 1) 
assessing bone shape; 2) bony feature morphology; 3) suture shape; 4) 
presence or absence of a feature; and lastly, 5) feature prominence or 
protrusion  (Hefner, 2009). 
 
 Traditionally, these traits were used in a trait list approach (Rhine, 
1990) in which ancestry was assigned to a cranium through an ad-hoc 
assessment and comparison to an arbitrary type specimen supposedly 
reflective of certain ancestral groups. A statistical approach to 
macromorphoscopic trait data (Hefner, 2009) allows for assessment against 
all human variation captured within a given population. Further, this 
approach allows for consistency and objectivity in assessing 
macromorphoscopic traits across different users.  
 
 To complement (ÅÆÎÅÒȭÓ ɉςππωɊ method, the MMS data collection 
program allows the user to assess and collect macromorphoscopic data from 
various specimens. This system is designed to reduce observer error and 
increase objectivity through standardized descriptions of traits and scoring 
procedures. Further, the data is designed to be exported and used in different 
programs, including an analytical tool, for future research into ancestry 
estimation and macromorphoscopic trait variation across populations. 

 

2.0 Set-up 
 
 2.1  Creating a sample 

 4Ï ÃÒÅÁÔÅ Á ÎÅ× ÓÁÍÐÌÅȟ ÏÐÅÎ ÔÈÅ --3 ÐÒÏÇÒÁÍ ÁÎÄ ÃÌÉÃË ÔÈÅ Ȭ.%7ȭ 
ÂÕÔÔÏÎ ÕÎÄÅÒ ÔÈÅ Ȭ4!",%ȭ ÂÏØȢ 4ÈÉÓ ×ÉÌÌ ÁÌÌÏ× ÔÈÅ ÕÓÅÒ ÔÏ ÃÒÅÁÔÅ Á ÎÅ× 
advantage data table for the purpose of organizing samples or projects. A 
table will house a series of individuals associated with the indicated skeletal 
collection.  
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 2.2  Adding an individual 
 

 To add an individual, ÆÉÒÓÔ ÅÎÔÅÒ ÔÈÅ ÒÅÃÏÒÄÅÒ ÉÎÉÔÉÁÌÓ ÉÎ ÔÈÅ Ȭ)ÎÉÔÉÁÌÓȭ 
box. Hit the Tab key to move to thÅ ÎÅØÔ ÅÎÔÒÙ ÂÏØ ÌÁÂÅÌÅÄ Ȭ#ÁÔÁÌÏÇ +ÅÙȭȢ 4ype 
the number assigned to the specimen (e.g. a case ID or individual ID for a 
collection) ÉÎ ÔÈÅ Ȭ#ÁÔÁÌÏÇ +ÅÙȭ ÂÏØ. This box should never be empty as it is 
the identifier information for the Macromorphoscopic Databank. If there are 
more than one individual associated with the catalog key, then an individual 
ÉÄÅÎÔÉÆÉÅÒ ÓÈÏÕÌÄ ÂÅ ÅÎÔÅÒÅÄ ÉÎÔÏ ÔÈÅ ÂÏØ ÌÁÂÅÌÅÄ ÁÓ Ȭ)ÎÄÉÖÉÄÕÁÌȭȢ For example, 
if there were two individuals in a single internment, the burial number would 
be ÐÒÏÖÉÄÅÄ ÁÓ ÔÈÅ Ȭ#ÁÔÁÌÏÇ +ÅÙȭ ɉÅȢÇȢ "σςɊ ÁÎÄ ÔÈÅ ÉÎÄÉÖÉÄÕÁÌ ÎÕÍÂÅÒ ×ÏÕÌÄ 
ÂÅ ÐÒÏÖÉÄÅÄ ÁÓ ÔÈÅ Ȭ)ÎÄÉÖÉÄÕÁÌȭ ɉÅȢÇȢ ρ ÏÒ ςɊȢ 4ÈÅ ÆÉÎÁÌ ÂÏØȟ ÌÁÂÅÌÅÄ Ȭ4ÒÁÃËÉÎÇ 
.ÏȢȭ ÉÓ ÕÓÅÄ ×ÈÅÎ Á ÓÉÎÇÌÅ ÉÎÄÉÖÉÄÕÁÌ ÉÓ ÓÃÏÒÅÄ ÍÕÌÔÉÐÌÅ ÔÉÍÅs, such as 
observer error studies, for example. The number of each observation should 
be entered as the tracking number with the first observation being 0; 
however, the first observation should be left blank so that all tracking 
ÎÕÍÂÅÒÓ ÂÅÇÉÎ ×ÉÔÈ Ȭρȭ ÆÏÒ ÔÈÅ ÓÅÃÏÎÄ ÏÂÓÅÒÖÁÔÉÏÎ ÁÎÄ ÓÏ ÏÎȢ  
 
Once all necessary information is entered into the appropriate text boxes, 
press the green ȬSEARCHȭ button (Figure 2.1). If no record exists for the 
ÑÕÁÌÉÆÙÉÎÇ ÉÎÆÏÒÍÁÔÉÏÎȟ Á ÄÉÁÌÏÇÕÅ ÂÏØ ×ÉÌÌ ÁÐÐÅÁÒ ÔÈÁÔ ÓÔÁÔÅÓȡ Ȱ.Ï ÍÁÔÃÈ 
found. Would you like to enter a new reÃÏÒÄȩȱ 3ÅÌÅÃÔ Ȭ9ÅÓȭȢ Once a new case is 
created, the MMS interface window will appear which signals that the 
program is ready to receive macromorphoscopic trait data. 
 
If you would like to return to an existing entry, insert the qualifying 
information in tÈÅ ÆÏÕÒ ÔÅØÔ ÂÏØÅÓ ÁÎÄ ÐÒÅÓÓ ÔÈÅ Ȭ3ÅÁÒÃÈȭ ÂÕÔÔÏÎȢ 4ÈÅ ÅÎÔÒÙ 
will appear in the table below the search button. You may double click on 
row of interest in the table to open the MMS interface with previously scored 
traits.  
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Figure 2.1. Entering a new case in the data entry window. 

 
2.3 Recommended Tools 
 
 We recommend two tools to aid in the collection of 
macromorphoscopic trait data: a clear ruler and a contour gauge. Contour 
gauges can be purchased at most hardware stores (refer to Figure 5.9 to view 
a contour gauge).  
 The clear rule can be used to assess two traits, Malar Tubercle (MT) 
(Section 5.4) and Posterior Zygomatic Tubercle (PZT) (Section 5.13). These 
traits focus on the degree of expression of bony projections. The ruler is used 
to create a horizontal line at the root of the projections to aid in examination. 
The ruler need not exceed 6 inches in length.  
 A contour gauge is primarily used to assess Nasal Bone Contour (NBC) 
(Section 5.7), but can also be used for Postbregmatic Depression (PBD) 
(Section 5.12). This tool is useful to examine curvature of bony features that 
may be difficult to detect with the naked eye.  
 

3.0 MMS data entry:  
 

3.1 MMS Interface window 
 

The MMS program allows for the scoring of up to 17 
macromorphoscopic traits on an individual cranium. The MMS interface 
window is composed of various sections (Figure 3.1). The name of the trait 
appears in the center of the screen, highlighted in blue. A radio button box, 
called the Ȭ4ÒÁÉÔ ,ÉÓÔȭ, on the right side of the screen lists all 
macromorphoscopic traits, with the current trait being evaluated highlighted 
as a dark, filled-in circle. The definition of the trait is provided in the Ȭ4ÒÁÉÔ 
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$ÅÆÉÎÉÔÉÏÎ "ÏØȭ in the lower right portion of the screen. This definition 
describes the trait and any special requirements, such as tools or comments 
useful for assessment. The largest box, in the center left of the screen, the 
Ȭ3ÅÌÅÃÔÅÄ 4ÒÁÉÔ "ÏØȭȟ shows an image of the cranium with the trait of focus 
denoted. Below, in a smaller box, Ȭ4ÈÅ #ÈÁÒÁÃÔÅÒ 3ÔÁÔÅ "ÏØȭȟ the character 
state, shown in the above image, is described.  
 

 
Figure 3.1. MMS interface labeled. 

 
3.2 Moving through the list and collecting trait  data: 
 

The user can move through the Ȭ4ÒÁÉÔ ,ÉÓÔȭ in two ways; (1) moving the 
cursor and selecting the radio buttons with the computer mouse, or (2)  using 
the computer keyboard shortcut <ENTER>. Below the Ȭ#haracter State Boxȭ, 
the user can select the character state observed for a trait by selecting the 
corresponding numerical denotation for the character state with the mouse, 
or by using the right and left arrow keys on the keyboard. As a note, the 
computer shortcut is helpful for moving back and forth to consider the full 
range of variability for each trait. Once the observed character state is 
selected, the user can press ENTER on the keyboard to record the trait and 
advance to the next screen.  

If the trait in question is unobservable or obliterated or the cranium is 
damaged or pathological, it is best practice to leave the data box BLANK and 
add a note can in the comments box. 
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3.3 Deleting a character state entry: 
 

To delete a trait, as in when a trait is accidentally recorded when ÉÔȭÓ 
actually unobservablÅȟ ÒÅÓÅÌÅÃÔ ÔÈÅ ÔÒÁÉÔ ÉÎ ÔÈÅ Ȭ4ÒÁÉÔ 3ÃÏÒÅ "ÏØȭ ÁÎÄ ÐÒÅÓÓ ÔÈÅ 
DELETE key. This will leave the score blank and automatically advance to the 
next trait. 
 

4.0 Macromorphoscopic trait location s: 
 

4.1 General macromorphoscopic trait locations 
 

All traits are pictured in line drawings and described in detail below. 
Figures 3, 4, and 5 depicts anterior, lateral, and inferior views all traits and 
their location on the cranium. Figure 4.4 demonstrates location and 
variations of palate shape as this is the newest addition to the 
macromorphoscopic trait list. These traits are included as line drawings in 
the MMS program.  

 
4.2 Where to make an observation 
 

Bilateral traits should be observed and recorded from the left side of 
the cranium with the exceptions of PZT and MT. These two exceptions should 
be recorded for greatest expression of the trait between the two sides. If 
remaining traits are unobservable on the left portion of the cranium due to 
postmortem damage or pathology, the right side should be scored. When 
ÎÅÉÔÈÅÒ ÓÉÄÅ ÃÁÎ ÂÅ ÏÂÓÅÒÖÅÄȟ ÔÈÅ Ȭ4ÒÁÉÔ 3ÃÏÒÅ "ÏØȭ ÓÈÏÕÌÄ ÒÅÍÁÉÎ ÂÌÁÎËȟ ÔÈÅÎ 
the user can progress to the next trait . 
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Figure 4.1. Anterior views of a cranium to demonstrate approximate location of macroscopic traits 
(Image taken from Plemons and Hefner, 2016). 
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Figure 4.2. Lateral views of a cranium to demonstrate approximate location of macroscopic traits 
(Image taken from Plemons and Hefner, 2016). 

 
 

ɀ
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Figure 4.3. Inferior views of a cranium to demonstrate approximate location of macroscopic traits 
(Image taken from Plemons and Hefner, 2016). 
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Figure 4.4. Inferior views of a cranium to demonstrate palate shape variations.  

 
 
5.0 Macromorphoscopic traits and definitions:  
 

5.1 Anterior nasal spine (ANS): 
 

Anterior nasal spine is a small bony feature located at the inferior 
border of the nasal aperture. This trait exhibits the following three character 
states: slight, intermediate, and marked, with corresponding scores of 1, 2, 
and 3. Photographs of ANS for each character state and corresponding score 
are shown in Figure 5.1.  

To score this trait, the cranium should be viewed laterally to assess 
the degree of projection of ANS. 

 
1 = slight; indicates a minimal to no projection of the anterior  nasal 
spine beyond the inferior nasal aperture.  
2 = intermediate; indicates a moderate projection of the anterior 
nasal spine beyond the inferior nasal aperture.  
3 = marked; indicates a pronounced projection of the spine beyond 
the inferior nasal aperture.  
 
**Note: Do not score if the individual is edentulous.  
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Figure 5.1: Various character states of ANS. Scores: a) 1 = slight; b) 2 = intermediate; c) 3 = 
marked 

 
 5.2 Inferior nasal aperture (INA): 
 

 Inferior nasal aperture assesses the shape of the inferior border of the 
nasal aperture. Specifically, this trait aims to assess the transition from the 
nasal floor to the vertical portion of the maxilla. The left portion of the 
inferior nasal aperture should be assessed.  
 This trait exhibits five character states scored as 1, 2, 3, 4, and 5, and 
ranges in morphology from a gentle slope with no delineation of the inferior 
border (1) to a sharp, pronounced vertical ridge, commonly referred to as a 
nasal sill (5). Photographs of INA for each character state and corresponding 
score are shown in Figure 5.2.  
 

1 = A score of 1 is given to an INA that exhibits a sloping of the nasal 
floor which starts inside of the nasal cavity and terminates on the 
vertical surface of the maxilla. This gradual slope is a smooth 
transition between the two anatomical areas of bone. 
2 = With this score, INA again exhibits a slope from the floor of the 
nasal cavity to the vertical surface of the maxilla. However, to 
differentiate from the previous state, the slope begins more anteriorly 
in the nasal aperture and exhibits more angulation at the opening of 
the nasal aperture. 
3 = This state exhibits a steep transition from the nasal floor to the 
vertical maxilla. There is no slope, however there is no intervening 
projection or sill. This morphology closely resembles a right angle, 
although a more blunted for may be present. 
4 = A score of 4 is assigned to a character state that shows any 
superior incline of the anterior nasal floor. This includes leads to the 
creation of a weak ridge of bone that crosses the anterior nasal floor 
perpendicularly, resulting in a partial nasal sill. 


