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The article provides practical examples of using an interdisciplinary approach to solving typical tasks in biology and 
new algorithmic approaches to determining the kinetic parameters of simple reactions in chemistry. It examines the 
appropriate methods to use the most common MS Excel toolkit to obtain more exact solutions of the considered tasks for 
the extended type values of the type of mathematical models of the desired parameters. Presents the teaching methods 
and practical examples of solving problems in the field of biology and chemistry which were implemented in the 
framework of an interdisciplinary approach, as well as their study of mathematics and computer science. The importance 
of interdisciplinary study with mathematical modeling of the processes that predict a change of state in biological and 
chemical systems is shown. These considerations contribute to the enhancement of knowledge and research, including 
when solving the problems by replacing numerical data with mathematical expressions. At the same time, problem 
analysis, solution methods, adequate assessment, visualization and interpretation of results are required. The presented 
practical approach effectively contributes to the implementation of the educational standard with the formation of 
graduates’ competencies, focused on the willingness to independently solve the research problems and self-development 
throughout the life.

Ключевые слова: interdisciplinary studying, pedagogical activity, practical methods, MS Excel spreadsheets, 
mathematical models, population dynamics, predator-prey model, physical chemistry, rate constant, reaction order.

In recent times, number of publications devoted to 
computerized learning has significantly increased due 
to saturation of educational institutions with personal 
computers [1]. The publications discuss the computer-
methodological component of the educational process 
and the interdisciplinary component of studying the 
subjects of the natural science cycle (primarily biology 
and chemistry) which is associated with the expansion 
of information accessibility. Contingently, this topic 
can be divided into two parts:  the development of 
some pedagogical theories of interdisciplinary study-
ing and the practical methods of using specialized 
software for simulation processes in the case of natural 
sciences.

Training of university students for future profes-
sionals’ pedagogical activities is  considered as “an 
object of interdisciplinary research with its relative en-
tirety, self-sufficiency and insularity…” and “which is 
being trained in personnel training”. Educational insti-
tutions are considered “a place of active socialization, 
sociocultural immersion of future teachers and in-
creasing intellectuality, morality, civic consciousness” 
[2]. The use of certain “foundation technology” for 
“creating psychological, pedagogical, organizational 
and methodological conditions for actualization edu-
cational units ... with subsequent theoretical consoli-
dation of structural units, explaining their essence, in-
tegrity and interdisciplinary studying toward to growth 
of professional knowledge and the teacher`s individu-

ality” formation are discussed [3]. Practical examples 
in such publications limit computer functions to the 
simplest calculations.

Specialized software or development of new soft-
ware for the simulation processes are required as a 
part of course unit using it either as “black boxes” or 
extra time for teaching students because of improving 
skills in high-level programming languages [4–6]. 
Flatbed technologies, Mathcad computing, 3Ducation, 
CASE tools, etc. are considered [5, 6]. A training event 
for demonstrating realization of the simplest model by 
two-species ecological interaction “predator-prey” us-
ing system dynamics tools in the software environ-
ments ModelMaker, AnyLogic and utilizing of the 
agent-based “AnyLogic” tool modeling are described 
[6]. The training course specifics of Python program-
ming language for solving biological tasks were con-
sidered [4].

The presented approach implements practical solu-
tions using MS Excel spreadsheets focused on inter-
disciplinary studying. This widespread software is in-
stalled on all personal computers. Studied MS Excel 
spreadsheets are involved in computer science univer-
sity curriculum. Another “interdisciplinary” compo-
nent of the proposed examples is mathematics, since 
there is a low level of remaining “school” knowledge, 
especially among prospective students. It would be ap-
propriate to recall the quote from Immanuel Kant, 
contained in his famous work “The Metaphysical 
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Foundations of Natural Science” (1786). Kant says: 
“In any special doctrine of Nature there is only as 
much genuine science as there is mathematics.”

The introduction of acquired knowledge occurs 
when students solve practical tasks of specific subject 
disciplines. The used methods, when  properly com-
bined, provide successful practice in realization of in-
terdisciplinary studying. A particular role in this regard 
may be new practical approaches for solving typical 
tasks based on the available sets of personal computer 
tools [1, 7–13].

The following list of specific courses for solving ex-
amples within interdisciplinary learning approach is  used:

– mathematical models in biology;
– mathematical models of chemical kinetics in 

physical chemistry;
– mathematical methods of solution differential 

equations and tabular integration;
– methods of applied mathematics relating to state-

ment and solution optimization tasks;
– MS Excel spreadsheets as computational soft-

ware with set of statistical functions and optimization 
“Solver” for realizing a non-linear method of the gen-
eralized reduction gradient.

A good practical example from the viewpoint of in-
terdisciplinarity for students of the Faculty of Biology 
is studying classical problem of population dynamics 
“predator-prey” models which was analyzed in the ear-
ly 20th century. In particular, this observation has been 
correlating well with commercial information of Cana-
dian fur trading companies for a long time [14, 15].

This mathematical model could be defined by struc-
tural scheme shown in Fig. 1. This system describes 
the balance of available resources and their consumers; 
blocks determine of prey numbers, which are responsi-
ble for population growth, predator mortality rate and 
realizable interactions. Predators “consume” prey, con-
sequently, before the first block in first equation is a 
minus sign, and in the second – a plus, because eating 
preys increase the generation of predators.

Fig . 1 . The structure of the mathematical predator-prey model

If the functional relations in this model were re-
placed [14, 15], we could obtain a mathematical model 
of a predator of biomass changes and prey over time t, 
which with the inclusion of the logistic element α have 
the form:

where X, G – is the predator and prey density (biomass 
per unit area); r – is the specific growth rate of prey 
population in the absence of a predator; b – is the spe-
cific rate of predator consumption of prey; u – is the 
effectiveness of «digestion» prey’s biomass by a pred-
ator; s – is the specific rate death predator in the ab-
sence of prey.

A spreadsheet of solving system equations for a 
time period t ∈ [0; 4.75] is shown in Fig. 2, where the 
initial data G0 = G(t = 0) = 4; X0 = X(t = 0) = 2 and pa-
rameters of the equations system are assigned.

A direct solution of the system of ordinary differ-
ential equations (1) has been achieved using the ex-
plicit Euler scheme:

where ∆t is the time integration step ensures the calcu-
lations stability and the index i characterizes the num-
ber of time step.

Consequently, the difference scheme for solving a 
system of differential equations is given by the formula:

can be written as

The integration step ∆t can be preliminarily esti-
mated as

                                                                  .

In case of solution instability, the time step ∆t should 
be reduced.

Fig. 2 shows a spreadsheet of solution using MS 
Excel. For realization of the Lotka-Volterra model, 
students should have skills in biology in the context of 
problem statement  and mathematical model formula-
tion, computer science in terms of algorithm elabora-
tion and the simplest skills in terms of numerical 
methods and using spreadsheets for realization of 
computational calculations and graphical interpreta-
tion of the obtained results.
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At the end of the lesson, students should give an 
interpretation obtained results (Fig. 2). In particular, it 
is necessary to determine the key features of this prob-
lem solution and the change in the number of preda-
tors and preys (damped oscillations in Fig. 2, a).

In addition, the phase-plane portrait of the studied 
system of predators and preys numbers at different 
stages of the process should be analyzed (stable focus 
Fig. 2, b).

In this case the critical point turns into a stable fo-
cus and solutions into underdamping oscillations. Re-
gardless of the entry condition, the state of the system 
after some time approaches the  stationary and tends to 
it at t → ∞ .

Another example of MS Excel functionality is the 
construction of mega-formulas. In this case the spread-
sheet can be used as an exercise for  computational 
programming. It can be useful for solving the problem 
of genetics. In particular, фт analysis of phenotypes 
ratio frequency among descendants during dihybrid 
crossing [16, 17]  has been described. For example, 
flies, taking into account two pairs of alternative traits, 
show the division into phenotypic classes 9: 3: 3: 1 
from the intersection of dihybrid among offspring. An 
experimental (f i

exp) following ratio: 135 : 51 : 54 : 18 
was obtained. The traditional method (Fig. 3, a) in-
volves separately the calculation of the theoretical fre-
quencies

for a given number of experimental f i
exp  values, the 

calculation of χ exp
2  and χ crit

2
 subsequent compari-

son. 
Whereas χ exp

2 = 1.721< χ crit
2 = 7.815 , then the 

conclusion is formulated: the null hypothesis is ac-
cepted when the value of the level α = 0.05; the num-
ber of the species ratio of the phenotypic classes is  
9 : 3 : 3 : 1.

Almost completely intermediate calculations for 
the realization of the traditional algorithm                          
( f i

theory , f i
expect ) may be omitted if functionality of the  

MS Excel toolkit is used for manipulation with formu-
las and arrays (Fig. 3, b).

The detailed use of personal computer software for 
genetics research [17–20] is shown [21].

Interdisciplinary studying examples applied to 
physical chemistry, presented in recent publications 
[3, 7–13, 20, 21], generally, concern the MS Excel 
spreadsheets. The theoretical basis of these  examples 
is the  identification of  the order of a chemical reac-
tion according to the experimental table {t i ;Ci}, 
where i = 0,1, ..., N, N define the size of the table in 
compliance with the dependence of the concentration 
reagent C on the reaction time t. 

A mathematical model of a chemical process is  de-
scribed by a differential equation,

where k, p is a constant rate and a reaction order.
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Fig. 3. Spreadsheet of the frequency analysis task of phenotypic classes 
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After separation of the variables and integration, an 
analytical solution of the differential equation is used 
to identify the order of reaction,

and the constant rate from the previous equation ex-
pressed in an explicit form.

The dimension of the constant rate k depends on 
the dimensionality of the concentration C and the de-
gree  of  the reaction order p.

The basis of the proposed approach [1, 7–13] for 
solving the given and the similar problems  of physical 
chemistry is the formulation of these problems as opti-
mization, when the spread of one of the identified de-
sired parameters of a mathematical model is mini-
mized.

For a given order p, a set of constants is calculated 
from initial data at t0 = 0

According to the proposed approach [1, 7], the 
identification of the reaction order p is achieved by 
minimizing of the functional F (p) → min, which de-
termines the spread of the rate constants set ki by the 
standard deviation (quadratic deviation) divided by the 
average value k :

(*)

Fig . 3 . Spreadsheet of the frequency analysis task of phenotypic classes
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The necessity for non-dimensionality of  the ex-
pression (*) for F (p) is due to the fact  that the calcu-
lated range ki during the procedure of minimizing val-
ues F is very large with the orders of the number, de-
pending on the p value.

Furthermore, expressions (*) were chosen to calcu-
late these functionals because of the simplicity of im-
plementing their procedure by the statistical functions 
MS Excel STDEV.P (...) and AVERAGE (...).

Figure 4 shows the application of the algorithm to 
identify the parameters of the kinetic reaction in ac-
cordance with experimental data [22, 23]. MS Excel 
Solver [7, 8, 24] by mode “Generalized Reduced Gra-
dient” is used. The certain of the variable cell F2 (re-
action order) changes while the fixed value (“integer”) 
result yields in cell F5. The window “Solver” is de-
fined by a special cell F7, into which the formula for 
calculating the functionality is entered.

Fig . 4 . MS Excel spreadsheet for calculation  
of rate constant and integer reaction order

If we remove the limit of the order of the reaction 
as an integer, then the search for solutions will be per-
formed for fractional, even with negative values. The 
proposed multidisciplinary approach to solving prob-
lems of physical chemistry allows to reduce signifi-
cantly the computational steps of programming algo-
rithms, to improve the calculation accuracy and to ex-
pand the range of numerical types (for whole, rational 
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and real, positive and negative) orders of chemical re-
actions for analyzing parameters of kinetic equations.

In conclusion, the teaching methods and practical 
examples of solving problems in the field of biology 
and chemistry, which were realized within an interdisci-
plinary approach as well as their studying mathematics 
and computer science, were presented. The importance 
of interdisciplinary studying with mathematical mode-
ling of the processes predicting a change of state in bio-
logical and chemical systems is shown. These consider-
ations  contribute to the increase of  knowledge and re-

search activities, such as, when solving problems there 
ocсures the substitution of the numerical data for math-
ematical expressions. In addition, tasks analysis, ways 
of solution, adequate assessment, visualization and in-
terpretation of the obtained results are required.

The presented practical approach effectively con-
tributes  to the realization of the educational standard, 
where one of the main aim is formation of the basic 
skills of graduates focused on the idea of forward-
looking development and the readiness of specialists 
for self-study throughout their lives.
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ПРАКТИЧЕСКИЕ МЕТОДЫ ОРГАНИЗАЦИИ МЕЖДИСЦИПЛИНАРНОГО ИЗУЧЕНИЯ  
В ОБЛАСТИ БИОЛОГИИ И ХИМИИ 
А. С. Минич1, И. С. Бондарчук2, М. В. Кривенкова3

1 Томский государственный педагогический университет, Томск
2 Национальный исследовательский Томский государственный университет, Томск
3 МАОУ СОШ № 14 им. А. Ф. Лебедева, Томск

Приводятся практические примеры использования междисциплинарного подхода к решению типичных задач 
в биологии и новых алгоритмических подходов к определению кинетических параметров простых реакций в хи-
мии. Рассматриваются соответствующие методы для использования наиболее распространенного инструментария 
MS Excel для получения более точных решений рассмотренных задач для расширенных значений типа математи-
ческих моделей желаемых параметров. Представлены методика обучения и практические примеры решения задач 
в области биологии и химии, которые были реализованы в рамках междисциплинарного подхода, а также изуче-
ния математики и информатики. Показана важность междисциплинарного изучения с математическим моделиро-
ванием процессов, предсказывающих изменение состояния в биологических и химических системах. Все эти ме-
тоды способствуют исследовательской деятельности, в том числе при решении задач заменой числовых данных 
математическими выражениями. При этом требуются анализ задач, способы решения, адекватная оценка, визуа-
лизация и интерпретация результатов. Представленный практический подход эффективно способствует реализа-
ции образовательного стандарта с формированием у выпускников компетенций, ориентированных на готовность к 
самостоятельному решению исследовательских задач и саморазвитие на протяжении всей жизни.

Ключевые слова: междисциплинарное изучение, педагогическая деятельность, практические методы, 
электронные таблицы MS Excel, математические модели, динамика популяций, модель хищника-жертвы, 
физическая химия, константа скорости, порядок реакции.
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