
  
Abstract—Mental state examination is an important aspect of 

clinical assessment. Clinicians arrive at an overall subjective 
diagnostic judgment based on the findings of the mental state 
examination. It is largely an implicit process, which clinicians 
have learned through their experience, and is therefore, prone 
to inconsistencies.  This paper presents a formal model for 
arriving at expert clinical judgment based on mental state 
examination findings, and monitoring the course of illness using 
parameters derived using the model. The proposed model has 
been implemented as a clinical tool, which is currently being 
evaluated in clinical practice. The model has the advantage of 
improving the reliability and validity of clinical assessment. 
 

Index Terms—Diagnostic reasoning in psychiatry, modelling 
mental state examination in psychiatry, clinical reasoning in 
psychiatry, modelling diagnostic reasoning in psychiatry.  
 

I. INTRODUCTION 
Psychiatric disorders have been recognised as one of the 

most disabling group of illnesses [1]. However, because of 
the highly subjective nature of their symptoms, a reliable and 
valid assessment of psychiatric illnesses can be challenging, 
particularly for inexperienced clinicians. Complete 
diagnostic reasoning involves generating diagnostic 
hypotheses based on patients’ historical data and their mental 
state features. The authors have previously introduced a 
theory for diagnostic reasoning based on patients’ clinical 
histories, which include reported symptoms [2]. This paper 
complements the previous paper by providing a theory for 
diagnostic reasoning based on patients’ mental state 
examinations. Mental state examination also plays a crucial 
role in monitoring the process of recovery from psychiatric 
illnesses, and in early recognition of relapse of psychiatric 
illnesses. Therefore a model that formalises the process of 
diagnostic reasoning based on mental state examination is 
important to improve the reliability and the validity of 
diagnostic reasoning, and to monitor the course of psychiatric 
illnesses.   

There have been previous approaches to quantification of 
mental state examination findings [3], and there are different 
scales available for rating different subgroups of mental state 
features such as cognition [4], and psychotic features [5]. 
However, these scales cannot be considered as general 
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diagnostic tools that can be used to evaluate the likelihood of 
different diagnoses. 

The next section of this paper describes the conceptual 
nature of mental state examination, and its challenges. Then, 
a formal model for mental state examination is developed, 
and is applied to mental state examination findings of four 
hypothetical patients having four different psychiatric 
diagnoses. Finally, implementation of the model as a clinical 
tool, which is currently being evaluated for its use in clinical 
practice, is presented.     

 

 
Fig. 1.  Main general categories of mental state features. 

 

II. MENTAL STATE EXAMINATION 
Mental state examination is an important part of medical 

diagnostic reasoning, particularly in the branch of Psychiatry. 
It involves a cross sectional evaluation of a number of patient 
characteristics or features, which are observed by the 
clinician during clinical assessment [6]. A general list of 
categories of these features is given in Fig. 1.  Certain 
features of mental state examination are more commonly 
observed in some diagnoses compared to others. For example, 
whilst a patient with depression may have slow speech, a 
patient with an anxiety disorder may have rapid speech. Also, 
whilst a patient with anxiety or depression may generally 
have demonstrated coherence in his/ her thought form, a 
patient with psychosis may have an illogical and incoherent 
thought form. Diagnostic reasoning based on mental state 
examination can be considered as a process of evaluating the 
set of features in mental state examination against a set of 
likely diagnoses, in which the state of each mental state 
feature has a different level of significance in relation to 
different diagnoses.  Clinicians learn mental state 
examination through years of their clinical experience by 
observing patterns of mental state features that are observed 
in different patients. Unfortunately, there is no available 
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formal theory that explains the diagnostic reasoning of 
psychiatric mental state examination. Clinicians use their 
previous clinical experience, and their clinical judgments, in 
an implicit process that arrives at diagnostic conclusions 
based on the features of mental state findings. This can 
potentially cause inconsistencies, and lack of agreement on 
the diagnostic conclusions arrived at by different clinicians. 

 

III. FORMAL MODEL 
Let us define a set of all possible diagnoses as ܦ   ൌሼ݀ଵ, ݀ଶ, … , ݀௠ሽ, and a set of all items (i.e. features) in mental 

state examination as ܧ  ൌ ሼ݁ଵ, ݁ଶ, … , ݁௡ሽ . Mental state 
examination involves assigning each item ݁௜  a value 
according to the mental state of the patient. This will result in 
a vector ܨሺܧሻ ൌ ሺ ଵ݂ሺ݁ଵሻ, … , ௡݂ሺ݁௡ሻሻ. The function ௜݂ assigns 
the corresponding entity݁௜ a value in the interval ሾ0. . .1ሿ. The 
function ௜݂ can be approximated using the clinician’s expert 
judgment. 

Mental state examination needs to be interpreted in 
relation to the context of the diagnosis being considered. In 
other words, each entity ݁௜ א ܧ  has a different level of 
importance in relation to each considered diagnosis ݀௜ א  .ܦ
This can be represented as a vector of weights ܹሺ݀௜ሻ ൌሺݓ௜ଵ, ,௜ଶݓ … , ௜௡ሻݓ  where ௜௝ݓ א ܫ . We may define ܫ  as an 
interval ሾ0 …  ,ሿ, in which zero means there is no importanceܮ
and ܮ א ܴ  is a real number representing the maximum 
possible level of importance. 

Evaluation of mental state examination in relation to a 
diagnosis ݀௜ א ܦ  can be approximated linearly as the 
multiplication of the vector ܹሺ݀௜ሻ by the transpose of the 
vector ܨሺܧሻ as follows: 

 ܹሺ݀௜ሻ. ሻ்ܧሺܨ ൌ ሺݓ௜ଵ, ,௜ଶݓ … , .௜௡ሻݓ ቌ ଵ݂ሺ݁ଵሻ...௡݂ሺ݁௡ሻቍ ൌ ߮௜     ሺ1ሻ 

 

The maximum possible score a patient can get for a 
diagnosis ݀௜  occurs when ݔܽܯሺ ௝݂ሺ݁௝ሻሻ ൌ 1.0  for all ݆ ൌ 1, … , ݉. Therefore,  

 

.ሺܹሺ݀௜ሻݔܽܯ                     ሻ்ሻܧሺܨ ൌ ෍ ௜௝௡ݓ
௝ୀଵ          ሺ2ሻ 

The overall clinical judgment can be described a as 
function    ൫ܨሺܧሻ, ܹሺ݀௜ሻ൯ , which expresses the value 
calculated using equation (1) as a ratio to the maximum 
possible value calculated using the equation (2) as follows:  

                ൫ܨሺܧሻ, ܹሺ݀௜ሻ൯ ൌ ܹሺ݀௜ሻ. .ሺܹሺ݀௜ሻݔܽܯሻ்ܧሺܨ ሻ்ሻൌܧሺܨ ߮௜ ቌ෍ ௜௝௡ݓ
௝ୀଵ ቍିଵ                                ሺ3ሻ 

As this often involves evaluating more than one possible 
diagnosis, the corresponding vectors can be represented 
together as a matrix as follows, ܹሺܦሻ ൌ ൭ ଵଵݓ ڮ ڭଵ௡ݓ ڰ ௠ଵݓڭ ڮ  ௠௡൱ݓ

 

Evaluation of mental state ܨሺܧሻ against all the diagnoses 
included in ܹሺܦሻ  involves extending (1) as follows: 

 

ܹሺܦሻ. ሻ்ܧሺܨ ൌ ൭ ଵଵݓ ڮ ڭଵ௡ݓ ڰ ௠ଵݓڭ ڮ ௠௡൱ݓ . ቌ ଵ݂ሺ݁ଵሻ...௡݂ሺ݁௡ሻቍ 

                                       ൌ ൭ ߮ଵ...߮௠൱                                                ሺ4ሻ 

 

Then equation (3) can be extended as follows: 

 

           ሺܨሺܧሻ, ܹሺܦሻ ሻ ൌ
ۈۉ
ۈۈۈۈ
ۇ ߮ଵ ቌ෍ ଵ௝௡ݓ

௝ୀଵ ቍିଵ
...߮௠ ቌ෍ ௠௝௡ݓ

௝ୀଵ ቍିଵ
ۋی
ۋۋۋۋ
 ሺ5ሻ                 ۊ

 

Each value ߮௜൫∑ ௜௝௡௝ୀଵݓ ൯ିଵ
 in (5) corresponds to diagnosis ݀௜, ݅ ൌ 1 … ݉, and the most likely diagnosis is  ݀௜ such that  

 

ݔܽܯ         ൮߮ଵ ቌ෍ ଵ௝௡ݓ
௝ୀଵ ቍିଵ , … , ߮௠ ቌ෍ ௠௝௡ݓ

௝ୀଵ ቍିଵ൲           
ൌ ߮௜ ቌ෍ ௜௝௡ݓ

௝ୀଵ ቍିଵ                                     ሺ6ሻ  
Importantly, given that a patient has diagnosis ݀௜ , its 

corresponding value ߮௜൫∑ ௜௝௡௝ୀଵݓ ൯ିଵ
 not only indicates the 

likelihood of the diagnosis, but also serves as a parameter that 
can be used to monitor the course of the illness.  As the 
mental state examination of patients is carried out on a 
regular basis, a progressively increasing score of  ߮௜൫∑ ௜௝௡௝ୀଵݓ ൯ିଵ

 indicates that the disease diagnosed as ݀௜ is 
worsening. On the other hand, a progressively decreasing 
score indicates that patient is recovering from the disease.  
Therefore,  ߮௜൫∑ ௜௝௡௝ୀଵݓ ൯ିଵ

 can be used as a useful indicator 
of response to treatment, and the level of recovery from the 
disease diagnosed as ݀௜. Due to the relapsing nature of most 
psychiatric illnesses, this parameter can also be used to 
recognise relapse of psychiatric illnesses at their early stages, 
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when they are often more easily treatable, through a process 
of regular mental state examination. 

 

  
The model described above was simulated using four 

different psychiatric diagnostic categories in relation to four 
different hypothetical patients. The model parameter ܫ (i.e. 
the range of values,ݓ௜௝ א ܫ ) was initialised arbitrarily as ܫ ൌ ሾ0 … 10ሿ. Thirty-four mental state features were selected 
for an initial evaluation based on their relative clinical 
importance, and a weight matrix was derived for the four 
different diagnostic categories using the clinician’s 
subjective judgment. Mental state characteristics of these 
four patients were selected so that each patient represented a 
mental state finding predominantly indicative of only a one 
diagnostic category. The four diagnostic categories, and their 
weight matrix in relation to the thirty-four different mental 
state features, are shown in Fig. 2.  

 

 
Fig. 2. Diagnoses matrix 

The data in Fig. 2 can be translated into the model as 
follows: ܦ ൌ ሼ݀ଵ, ݀ଶ, ݀ଷ, ݀ସሽ ݁ݎ݄݁ݓ  ݀ଵ ൌ ሻ ݀ଶݎ݁݀ݎ݋ݏ݅ܦ ݁ݒ݅ݏ݁ݎ݌݁ܦ ݎ݋݆ܽܯሺ ݊݋݅ݏݏ݁ݎ݌݁ܦ ൌ ሻ ݀ଷݎ݁݀ݎ݋ݏ݅݀ ݕݐ݁݅ݔ݊ܣ ݀݁ݏ݈݅ܽݎ݁݊݁ܩ ሺ ݕݐ݁݅ݔ݊ܣ ൌ ሻ ݀ସܽ݅݊݁ݎ݄݌݋ݖ݄݅ܿܵ ݀݅݋݊ܽݎܽܲ ሺ ݏ݅ݏ݋݄ܿݕݏܲ ൌ   ሻ݁݀݋ݏ݅݌ܧ ܿ݅݊ܽܯ ሺ ܽ݅݊ܽܯ

And, ܹሺ݀ଵሻ ൌ ሺ9,0,7 … ,6,0ሻ  ܹሺ݀ଶሻ ൌ ሺ3,0,0, … ,9,0ሻ  ܹሺ݀ଷሻ ൌ ሺ6,0,0, … ,7,0ሻ,  ܹሺ݀ସሻ ൌ ሺ3,9,0, … ,7,0ሻ 
 
Mental state examination findings of the four hypothetical 

patients are described in Fig. 3. These findings were made up 
in such a way that the patient-1 has features predominantly 
indicative of a depressive disorder, patient-2 has features 
predominantly indicative of anxiety disorder, patient-3 has 

features predominantly indicative of acute psychosis, and 
patient-4 has features predominantly indicative of manic 
episode. 

 
Fig. 3.  Mental state findings of four patients 

The data in Fig. 3 can be translated into the model as 
follows: 

 

ଵሻ்ܧሺܨ ൌ
ۈۉ
ۇۈۈ

0.500.6...0.60 ۋی
ۊۋۋ , ଶሻ்ܧሺܨ ൌ

ۈۉ
ۇۈۈ

000...0.20 ۋی
 ,ۊۋۋ

ଷሻ்ܧሺܨ ൌ
ۈۉ
ۇۈۈ

0.300...0.30 ۋی
ۊۋۋ , ସሻ்ܧሺܨ ൌ

ۈۉ
ۇۈۈ

00.40...0.40 ۋی
 ,ۊۋۋ

 

The resulting values, ܹሺ݀௜ሻ. ,௝ሻ்ܧሺܨ ݅ ൌ 1,2,3,4  ݆ ൌ1, 2, 3, 4 are shown in Fig. 4.  

 

 
Fig. 4. Mental state findings of four patients 

The final results,  ሺܨሺܧሻ, ܹሺܦሻሻ as percentages are shown 
in Fig. 5. As indicated in (6) the diagnosis, which has the 
highest score is considered the most likely diagnosis.   As 
expected, patient-1 scored highest for depression (36.815), 
patient-2 scored highest for anxiety (42.82609), patient-3 
scored highest for psychosis (40.56452), and patient-4 scored 
highest for manic episode (44.0441) indicating their most 
likely diagnoses. 

 

 
Fig. 5. Mental state findings of four patients 
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IV. AN EXAMPLE USING SAMPLE DATA



V. MODEL IMPLEMENTATION 
The model has been implemented as a web-based system, 

which is currently being evaluated in clinical practice. Once a 
patient’s mental state is examined, the features are entered 
using the screen shown in Fig. 6 (which depicts the mental 
state features of patient-1 as shown in Fig. 3), and the overall 
score is derived using the weight matrix stored in the system. 
An output screen showing the result in relation to the four 
above-mentioned diagnoses is shown in Fig. 7. 

 

 
Fig. 6. Mental state findings of four hypothetical patients 

 
Fig. 7.  Mental state findings of four patients 

 

VI. CONCLUSION 
This paper introduced a model for diagnostic reasoning 

based on mental state examination features. The clinician’s 
expert knowledge of how to interpret patients’ mental state 
features in relation to different diagnoses is represented as a 
weight matrix. Using the presented model, a weight matrix 
was derived for four different diagnostic categories, with the 
individual weights representing approximations made using 
the clinician’s subjective judgment. Using four different 
patient profiles, the way the proposed model arrives at the 

expected diagnostic conclusions was demonstrated. The 
model not only differentiates diagnoses, but also provides a 
parameter that can be used to monitor the course of the 
patient’s illness. The presented model is currently under 
evaluation, and will be further extended and refined as a 
result of that evaluation. It is expected that the proposed 
model will enhance the quality of clinical practice by 
formalising the process of clinical assessment, and 
monitoring of patients’ response to treatment.  
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