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GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Monetary de-measurement of taxation using
cogni-economic pressure coefficient on
a continuous progressivity model: Towards
equitable taxation for Kenya
Stanley K. Kirika1*

Abstract: Tax derives from subjects’ earnings measured in monetary terms,
a principle anchored in financial accounting. The canon of equity, especially the
vertical form, sometimes referred to as “ability to pay” remains monetary. However,
negating conventional horizontal equity, equal taxable incomes often require
employment of different economic rationality levels to earn them depending on the
profession or sector the tax payer comes from; hence different cognitive energies
are required to generate the same taxable income—disapproving the mere “ability
to pay” paradigm. From the Gamma Rationality Measure for the credit unions sector
that comprises 67% of Kenyan economic livelihoods and using a combination of
econometric and Riemann double integral methods, the income consumption
rationality function is derived, from which a Cogni-economic Pressure Coefficient is
generated for each income level. The coefficient is used to work out a more
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equitable tax structure from a continuous progressivity tax model, for greater
equity, incidentally securing a boost to productivity and economy canons of tax
administration—a global lesson, specific for Kenya.

Subjects: Mathematical Finance;; Quantitative Finance;; Statistics for Business, Finance &
Economics;; Accounting and Finance for Events;; Accounting and Finance for Hospitality;;
Accounting and Financefor Tourism;; Public Finance;; Corporate Finance;; Entrepreneurial
Finance;;

Keywords: gamma rationality measure; cogni-economic pressure coefficient; psych-social
economic equation; income consumption rationality function

1. Introduction
Tax levies are hived off monetary incomes of subjects by governments. The norm is for subjects to
declare taxable income, hence liability by submitting regular returns to the government tax department
for verification and subsequent payment of the tax for purposes of dispensing income redistribution
justice (Bönke et al., 2012). An accompanying condition is for the accounts submitted by the tax payer be
audited. This means that since a financial audit is monetary in form and substance the tax therefrom is
also monetary measured. Increasing income may be taxed progressively or proportionally or regres-
sively. Progressive structures speak to equity while regressive structures are associated with efficiency
objective; so equitable tax levies observe horizontal and vertical types of equity (Lindsay, 2016), though
this consideration often contradict efficiency (Brendon, 2013). Progressive structures are however
considered superior since they also lead to efficiency in case of market failures (Angelopoulos &
Asimakopoulos, 2014). Here, the focus is to show that greater taxation equity may be achieved by
introducing the cognitive effort dimension in taxation—called monetary de-measurement.

One question begs; and strongly. Is KES 1 earned by a public transport investor in the crazily
intricate Kenyan transport industry equal to KES 1 earned by a government employee who reports
at 8.00hrs in the morning and retires for the day at 17.00 hours in the evening till the
following day? Equivalently, is KES 1 earned by a rice farmer in the Bilharzia infested Mwea
Irrigation Scheme equal to KES 1 earned by a wheat farmer in Narok where he needs to visit the
farm only four times to harvest their crop? Or, can KES 1 earned by a university professor for
teaching 9 hours in a week be compared to KES 1 earned by a doctor on call 24 hours as claimed
by horizontal equity (Balestrino et al., 2017)? While consensus is that endowment should be
rewarded commensurately, the government is the primary agent for equity and equality through
social protection, a notion at the epicenter of the justification for tax levy.

From the above comparatives, it is clear that taxation, which is monetary measured as a derivative
of financial statements drawn up using financial accounting principles and as advocated by horizontal
equity principle, is a grossly inequitablemethod of taxation. Some jobs/sectors in the economy require
more cognitive effort to earn KES 1 than others. Therefore subjecting all tax payers to the same tax
graduated scale rates undermines the very equity which any tax system seeks to achieve. However, it
does not mean that the concepts of horizontal and vertical equity concepts in themonetary sense are
totally discounted; they do apply where project funding where the attribute concerned is heteroge-
neous within the scope of study (Barrenho et al., 2017). This paper endeavours to examine how Cogni-
economic Pressure Coefficient (CPC)—an extension of the Gamma Rationality Measure, may be used
to as a tool provide themuch elusive equity needed to evenly distribute the cognitive energy dissipated
by an economic agent among tax payers, in order to attain tax equity, and therefore a harmonious
society. Progressive taxation has on the most part been used by most countries. Several studies have
generated findings that do not conclude on the stability associated with increase in the degree of
progression (Fanti & Manfredi, 2003). Unfortunately, the stability addressed has only to dowith the tax
yield and not the cognitive pressure experienced by economic agents as they go about raising income
from which tax is levied.
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In the words of Adam Smith in his book The Wealth of Nations (Smith & Stewart, 1963),
“The subject of every state ought to contribute towards the support of the government as
nearly as possible in proportion to their respective abilities, that is, in proportion to the
revenue which they respectively enjoy under the protection of the state”. Of contention is
“ … in proportion to the revenue which they respectively enjoy … ” From this statement, arises
proportional and progressive tax systems generally in practice by contemporary governments.
However, whether proportional or progressive, the monetary measurement aspect remains
common in the sense that the cognitive effort employed by subjects in the process of earning
the income is not recognized, leading to different perceptions of progressive taxation (Tjondro
et al., 2019). Most tax reforms conducted to redistribute tax burden results in the some
sectors bearing more burden as others bear less burden after reforms (Salaudeen &
Atoyebi, 2018). Yet, the consideration in redistribution has a basis other than the cognitive
pressure in financial decision making of economic agents. When this pressure is not evenly or
equitably distributed, tax evasion practices become rampant. Corruption means unfairly
benefitting from resources not entitled to. Cognitive energy employed to execute corruption
for wealth acquisition is much less than that employed fair hard work. Subjects end up
getting dissatisfied with the government hence evade payment of tax (Ameyaw & Dzaka,
2016; Drogalas et al., 2018).

Recent tax reform studies suggest that progressive tax structure is preferable with high
marginal tax rates at the top and wide tax bands (Diamond & Saez, 2011; Ho & Zhang, 2016)
as a more equitable and efficient structure. What is lacking in this empirical claim is how
wide the bands should be, whether or not a proportional tax component could be at the tail
end of the progression, at what point if so, should the component be introduced, and what, if
so, should the proportional tax be. Progressivity is argued to be function of the individual
government’s objectives, which will be reflected in taxation policy (Saez, et al., 2012) aligned
to the evolutionary market economy goals (Schmiel, 2016). For example, in 1960s, the highest
marginal income tax rate ranged about 91% in the United States. This progressivity has been
declining since (Piketty & Saez, 2007). Given operational graduated scale rates for Kenya, the
aim is to craft a continuous progressivity tax model for Kenya which includes the band width,
exemption amounts, and taxation rates parameters. This function is then customized to
include individual or sectoral economic rationality dimension. Additionally, an effort has
been made to establish the income threshold beyond which a tax payer does not dissipate
cognitive energy required to earn for a living. This has been referred to as Reflexive
Expenditure Rationality Threshold (RERT). Past this earnings mark, the government may
impose an arbitrary proportional tax depending on the economic needs. To this end,
a review of the Gamma Rationality Measure (GRM) and the Psycho-social Economic
Equation, using the cooperative sector as the hypothetical economy is needful.

By the end of this analysis not only does the canon of equity for both the horizontal and vertical
dimensions get revised to avail more evenly distributed economic pressure exertion on taxpayers
towards payment of taxes, but also affects the canon of productivity by increasing revenues to the
government. Moreover, monetary de-measurement of tax liability by use of cogni-economic
pressure coefficient makes a happier taxpayer, which is likely to reduce tax evasion leading to
increased efficiency of collection. This speaks to the canon of economy. Implementation of the
foregoing recommendations arising from findings enhances equity, productivity and economy in
tax administration.

This paper proceeds to first, review the Gamma Rationality Measure (GRM) as the founda-
tion of primary concepts examined hereafter. The relationship between asset turnover and
rationality is defined by psychosocial economic equation, the reason why both the measure
and the equation are reviewed in series; including relatedness tests and a robustness test.
A statement of the problem and objectives will then follow. In methodology, after deriving
a continuous tax progressivity model to replace the step function in use including relevant
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statistical tests, a combination of econometric and Riemann double integration is used to
develop the income consumption rationality function from which corresponding cogno-
economic pressure coefficients for various incomes derive, and which are used to adjust
expected tax yields for various sectors, effectively altering the conventional horizontal equity.
Similarly, the income consumption rationality function is used to incorporate cogni-economic
pressure coefficients into a revised three level continuous tax yield function that adjust for
vertical equity in tax levying.

1.1. Review of the gamma rationality measure and the psycho-social economic equation
Listen honey, if you want to see how people spend their money on things they don’t need,
and don’t know how much about what they are getting, and buy it even so without thinking
ahead, you would better go study the rich folks. If I wasted money like that, I would be dead.
(An ADC mother of eight—personal communication: Excerpt from JM Newton (1977);
Economic Rationality of the Poor).

Scholars the world over are in agreement that economic agents are not rational all the time
(Simon, 1996). However, little has been done to establish the measure of rationality employed
by decision makers of economic and financial decisions. GRM is a measure of rationality level
engaged by an economic agent in their ordinary business of survival and wealth creation.
Since different personal and corporate endowment levels exist in any economy, some workers
scratch their heads more than others to earn a living. This model, developed in 2016, uses
Bayesian learning updating process to derive a rationality measure within the continuum of
0% to 100%. By acknowledging that human beings do not regularly update learning, the
bivariate Bayesian framework incorporates an additional parameter, updating consistency
level (C) (Kirika, 2017). The updating rate is obtained through a Monte Carlo simulation
process to derive wealth increases and decreases as additional parameters to generate
a three-variable and four-parameter equation to determine rationality. Subjective probabil-
ities are converted into objective probabilities using Cumulative Prospect Theory decision
weights function (1992). The Gamma Rationality Equation is thus stated as

Γ ¼ crpið1� pÞd
rpið1� pÞd þ ð1� rÞqið1� qÞd

(1)

where: Г = Gamma Rationality Measure

c = Updating Consistency Level (parameter)

r = Prior rationality level (parameter)

p = Probability of wealth increase after making a rational decision (variable)

q = Probability of wealth increase after making an irrational decision (variable)

i = Number of wealth decreases in a given time interval (parameter)

d = Number of wealth decreases in a given time interval (parameter)

From data, the model showed that low-end income earners struggle more (cognitively) to make
KES 1 as compared to high-end income earners. In effect, low-end income earners rationalize their
financial/economic decisions higher (i.e. exercise higher rationality) than high-end income earners;
confirming the sentiments of the mother of eight in Newton’s (1977) findings in the Rationality of
the Poor. Moreover, more educated persons possess a higher potential (entropy) of making more
rational decisions but by reason of easier means of earning a living on account of higher salaries,
they do not exercise it.

1.2. The psycho-social economic equation (PEE)
This equation derives from the argument that higher rationality exercise in financial decision
making invariably brings about higher asset or wealth turnover. This means that if A exercises
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a rationality of 70% compared to B exercising rationality at 50%, given the same initial capital of
KES 1, and the same interval of time, A will have generated more assets than B by expiry of the
time interval (Kirika, 2017). This equation creates the link between rationality and wealth creation.
For the hypothetical economy, the PEE was found to be

Wt ¼ 27:494lnΓþ 21:057

R2 ¼ 0:799
(2)

The coefficient 27.494 is the learning rate coefficient while the constant 21.057 is the maximum
asset turnover at 100% rationality as shown in Table 1. The linear equation derived from data had
a raw R2 of 0.779. These findings are illustrated in figure 1.

Levene’s test for robustness and Wilcoxon test for curvilinear correlation between data and the
model was conducted as summarized in Tables 2 and 3 respectively. Since the level of significance
for the parametric Levene’s test is 0.986, above 0.05, the null hypothesis of equality of variances is
retained to mean that the model function is sufficiently robust.

Of key note is that the learning rate coefficient of 27.494 only increases with competition, while
the constant term 21.057—the economic fertility constant decreases with competition. This is in
line with the fact that more rationality is required in more competitive economies. The term

A
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er

Rationality

Asset turnover log-linear model and scatter graph for the 
Cooperatives Economy 

Wealth turnover
log-linear model

Wealth turnover
scatter

Figure 1. Psycho-social eco-
nomic equation of deposit-
taking SACCOs hypothetical
economy.

Source: Determinants of
Financial Decision Making
Rationality in Deposit-taking
Cooperatives in Kenya (Kirika,
2017)

Table 1. Asset turnover from data by the psychosocial economic equation—model

Avg Rat AT data AT model

0.5744 7.861 5.8135

0.5654 5.33 5.3793

0.6064 8.628 7.3041

0.7634 14.286 13.6344

0.6959 11.22 11.0891

0.6159 8.334 7.7315

0.6851 11.31 10.6590

0.6618 6.19 9.7077

0.562 4.026 5.2135

Source: Researcher findings (2017)
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27.494lnГ is always negative with a maximum of zero at a rationality of 100% which is quite
improbable on account of intrinsic irrationality—the source of bounded rationality (Atkinson, 1994;
Simon, 1996). At 100% level of rationality, the asset turnover is maximum, posting a turnover of
21.057 over 10 years. The corresponding return on assets is 35.62%. This means that a lending rate
beyond this point is infeasible, for nobody can afford such repayment interest rate in the hypothe-
tical economy.

Asset Turnover 1(AT1) an Entrepreneurial Rationality Threshold (ERT) of 48.22%. Meanwhile, AT2
and AT3 post ERTs of 42.1% and 54.21% respectively. This means that one needs to rationalize
only 42.1% of all individual financial/economic decisions to survive in Economy 1 etc. AT1, AT2 and
AT3 represent Asset turnover in Economy 1, 2 and 3 respectively. Ordinarily, workers migrate from
high ERT economies to low ERT economies or sub-economies where they would use their higher
rationality to generate a more comfortable life. Equivalently, organizations innovate to engage
higher corporate rationalities to survive in current economies or shift to less ERT economies just
like workers. Persons operating at lower rationalities than ERT values are dependents in an
economy. Those operating at between AT values of between 0 and 1 feed on their own reserves
without creating any wealth while those operating at below AT values of below 0 are total
dependents on others. Note also that since no one alive can post a rationality of 0 by reason of

Table 2. Levene’s test of homogeneity of variance between data and turnover model

Levene
Statistic

df1 df2 Sig.

tnover Based on Mean .000 1 16 .986

Based on Median .007 1 16 .934

Based on Median and
with adjusted df

.007 1 15.696 .934

Based on trimmed
mean

.001 1 16 .982

Source: Researcher findings 2019

Table 3. Wilcoxon, Friedman and Kendall’s tests between data and the asset turnover model

Null Hypothesis Test Sig. Decision
1 The median of the

differences between
ATdat and ATmod
equals 0.

Related-Samples Sign
Test

.508 Retain the null
hypothesis

2 The median of the
differences between
ATdat and ATmod
equals 0.

Related-Samples
Wilcoxon Signed Rank
Test

.859 Retain the null
hypothesis

3 The median of the
differences between
ATdat and ATmod
equals 0.

Related-Samples
Friedman’s Two-Way
Analysis of Variance by
Ranks

.317 Retain the null
hypothesis

4 The median of the
differences between
ATdat and ATmod
equals 0.

Related-Samples
Kendall’s Coefficient of
Concordance

.317 Retain the null
hypothesis

Asymptotic significance are displayed. The significance level is.05
1Exact significance is displayed for this test.
Source: Researcher findings (2019)
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reflexive rationality (Wilthagen, 1994) the graphs are asymptotic to y-axis. A summary of this
notion is shown in figure 2.

2. Statement of the problem and objectives
Progressive tax structures are regarded as the cure for inequity and inequality. But they can only
address inequity to a limited extent. Other factors that come into play include the population
structure but most importantly the income structure. More often, therefore, government policy
carries the day. The fiscal objectives of the government dictate the tax policy, so that the amount
of work involved to achieve the objectives should most equitably be divided between the various
players. Players corporate in terms of public service and private entities finally cascade into
individual natural person workers. Given a tax progressivity policy in terms of tax graduated
scale rates, the assumption is that the middle income earner is the reference point, with horizontal
and vertical equity being fundamental objectives of the policy (McDaniel & Repetti, 1993).

A grave anomaly emerges here. Cognitive energies required to earn KES 1 are different in different
sectors of the economy. So, horizontal equity as described in the words “similarly situated” (Elkins,
2006), does not work. The contention is the measure of well-being for purposes of application of
horizontal equity. Consequently, the submission here is that well-being should be measured in terms
of the cognitive energy exerted during generation of income fromwhich tax should be levied. This has
been named income generation rationality, while cognitive energies dissipated during consumption of
disposable income is called consumption generation rationality. Additionally, themanner of formulat-
ing graduated scale rates vertically, should bring about equality of cognitive pressure of individuals
within the economy, which is not necessarily the case. This faults vertical equity. In particular, this
paper’s four objectives include: one, to estimate a continuous tax progressivity model which allows for
Riemann integrability analysis; that will be equivalent to the operational graduated scale rates for year
2019. Secondly, it seeks to discount horizontal equity by introducing cogni-economic pressure coeffi-
cients for discrete economic sectors of a hypothetical economy of deposit-taking cooperatives in
Kenya. Thirdly, the income consumption rationality function is formulated. Finally, it derives
a continuous progressivity function compliant with cogni-economic pressure coefficients of income,
which adjusts for vertical equity.

3. Methodology and discussion
Kenyan graduated tax rates which the hypothetical economy uses, apes an exponential function.
And, like many other progressive tax structures, it entails an exemption portion of income followed
by three bands equidistant from one another. Tax rates of 15% from KES 161,832 to KES 286,620;
20% from KES 286,621 to KES 425,664 and 25% from KES 425,665 to KES 564,708 apply. But
a preceding tax band of 10% is fully covered by the exemption in the name of monthly tax relief

Figure 2. Psychosocial eco-
nomic equations of various
economic fertilities.
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which partially encroaches the 15% tax band. Finally, a proportional tax is levied at 30% on all
amounts above KES 564,708. This information is summarized in Table 4.

A continuous progressivity model from the exponential functions family may look like:

y ¼ aemx � s (1)

Where: y = tax liability and x = taxable income. Letters a, m and s are parameters to be
determined. This has been applied on the progressive portion of the tax rate, so that the propor-
tional tax at the high tail end will a separate level of the tax function. A quadratic function model
could have been used. Since the exponential function is richer in properties and they yield the
same levels of estimation efficiency, the exponential function was preferred.

Using the end points of each tax band, at tax rates of 15%, 20% and 25%, the following three
equations obtain. These equations are then solved simultaneously to determine the three parameters:

18;718:5 ¼ ae286;623m � s (2)

46;527:1 ¼ ae425;666m � s (3)

81;287:85 ¼ ae564;709m � s (4)

Adding s to both sides in the three equations yields:

18;718:5þ s ¼ ae286;623m (5)

46;527:1þ s ¼ ae425;666m (6)

81;287:85þ s ¼ ae564;709m (7)

Taking natural logarithms of both sides and subtracting (5) from (6) and (6) from (7) to obtain
eliminate log a gives

lnð46;527:1þ sÞ � lnð18;718:5þ sÞ ¼ 139;043m (8)

lnð81;287:85þ sÞ � lnð46;527:1þ sÞ ¼ 139;043m (9)

Table 4. Income tax graduated scale rates 2019 individual tax bands and rates

Annual Monthly Rates

On the first KES 147,580 KES 12,298 10%

On the next KES 139,043 KES 11,587 15%

On the next KES 139,043 KES 11,587 20%

On the next KES 139,043 KES 11,587 25%

On all Income Over KES 564, 709 KES. 47,059 30%

Monthly Personal Relief KES 1408; Annual Relief KES 16,896
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So that (8) and (9) are equated to determine s after eliminating m.

ln
46;527:1þ s
18;718:5þ s

� �
¼ ln

81;287:85þ s
46;527:1þ s

� �
(10)

The resulting quadratic equation that reduces to a simple equation obtains s equal to 92,315.9
after simulation. Substituting for s in (5) and (6) and taking natural logs of both sides gives

m = 1.6048528 x 10−6

This may be substituted back in any of the three original equations to get the value of a as
70,221.3.

t ¼ 70;221:3e1:6048528�10�6x � 92;315:9 (11)

The resulting Riemann integrable function (11) can be used to forecast tax liability at 98.5%
accuracy level. Assuming that every income level is occupied by a taxpayer, the area under this
curve can be worked out thus

T ¼
ð564;709

161;833

70;221:3e1:6048528�10�6x � 92;315:9
� �

dx

T ¼ 70;221:3

1:6048528� 10�6 e
1:6048528�10�6x � 92;315:9x

����
564;709

161;833

5.616722278 x 1010–4.179220479 x 1010 = 14,375,017,990

where x = gross income and T = Tax yield.

Comparing with the graduated scale rates, the function forms three trapezia whose area can be
worked out thus

Y ¼ 1
2ð286;623� 161;833Þ18;718:5þ 1

2ð425;666� 286;623Þð46;527:1þ 18;718:5Þ
þ 1

2ð564;709� 425;666Þð81;287:85þ 46;527:1Þ ¼ 14;589;799;830
(12)

Parametric Levene’s test for robustness of the function was also done as shown in Table 6,
including Wilcoxon rank test and Kendall’s coefficient of concordance in Table 7, all of which
confirmed stability (at a significance level of 0.998 based on mean) and suitability (where the null
hypothesis should be retained at 95% level of confidence) of the function. Differential and
progressivity model tax liabilities in Table 4 were used. Therefore, the overall Riemann integrable
function may be deemed correctly stated in equation (11) for purposes of forecasting tax liability.

Predominantly, horizontal equity is interpreted to mean equal tax liability for equal income.
However, from the argument adduced, different taxpayers suffer different cognitive pressures
during their production processes arising from different attributes of economic sectors they work
in, although they may receive equal wages. To address this anomaly, an assumption was made
that the tax levy payable was targeting the average taxpayer’s rationality.
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On the basis of this assumption, the average rationality sector-wise for the hypothetical econ-
omy has been calculated. Sectors employing a higher than average rationality indicate suffering
more than the average person in the economy. Consequently, such persons should proportionately
pay less tax than a person earning an equal amount, but employing less rationality to generate it.
To this end a Cogni-economic Pressure Coefficient (CPC) is calculated thus;

CPC ¼2Mean Rationality� Sectoral Rationality
Mean Rationality

(13)

Using this formula results in Table 8. While the normal tax liability (without using CPC) is shown in
the current tax column, CPC adjusted tax liability is shown as CPC Tax. Incidentally, more tax is
yielded using CPC adjusted liability since some sectors earn more than others using less rationality
than the average. After adjustment, such sectors like Mwalimu National SACCO management is
liable to pay more. The superordinate goal is to afford taxpayers equality of economic pressure by
adjusting through CPC. Mean rationality equals 0.664.

Wealth turnover column is obtained as a cumulative ten year (2005–2015) annual compounded
return on equity (column ROA) from the data collected at the beginning of year 2015. This data has
been summarized in Appendix A. On the same breath, 2018 income has been prorated using ROA.
For instance, Unitas Members income is determined as 140,000 x 14.286 × 1.30462

x 0.3046 = 1,037,073,035. The factor 1.30462 represents cumulative amounts to end of 2017.
The amount is then multiplied with the return rate of 0.3046 to get 2018 income. A corporate tax
of 30% is further assumed. In Kenya, the cooperative sector is not taxed at corporate tax rate; this

Table 6. Levene’s test of homogeneity of variance between data and tax liability model

Levene
Statistic

df1 df2 Sig.

Tax Based on Mean .000 1 18 .998

Based on Median .000 1 18 .998

Based on Median and
with adjusted df

.000 1 17.995 .998

Based on trimmed mean .000 1 18 .998

Source: Researcher findings (2019)

Table 7. Wilcoxon, Friedman and Kendall’s Test between data and the tax liability model

Null Hypothesis Test Sig. Decision

1 The median of the
differences between acttax1
and mod3tax equals 0.

Related-Samples Sign Test .344 Retain the null hypothesis

2 The median of the
differences between acttax1
and mod3tax equals 0.

Related-Samples
Wilcoxon Signed Rank Test

.059 Retain the null hypothesis

3 The median of the
differences between acttax1
and mod3tax equals 0.

Related-Samples Friedman’s
Two-Way Analysis of
Variance by Ranks

.206 Retain the null hypothesis

4 The median of the
differences between acttax1
and mod3tax equals 0.

Related-Samples Kendall’s
Coefficient of Concordance

.206 Retain the null hypothesis

Asymptotic significances are displayed. The significance level is .05
1Exact significance is displayed for this test
Source: Researcher findings (2019)
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assumption has been made just to draw comparatives. Finally, the normal tax is adjusted using
CPC to arrive at the last column.

3.1. Estimation of the income consumption rationality function
The principal argument is that naturally, incomes of individuals drive their expenditure rationality.
And, that the incomes are earned by exerting a certain amount of rationality. For instance, an
individual with a high income rationalizes a smaller proportion of economic decisions than a low
income earner. The high income earner may not suffer much if they lose money on account of
faulty decisions as the low income earner would. It means that the direction of causality in this
variable analysis is from income to rationality. Income becomes the independent variable while
rationality is the dependent variable. Moreover, exercise of rationality by economic agents occurs
in two distinct phases; the income phase and the consumption phase. In the income phase, the
self-employed economic agent rationalizes investment activities and management of the same to
derive income. This characterizes most developing economies (Dawson et al., 2009).

For the formally employed individual, the income phase involves the commitment, diligence,
competence, employee financed training and their general conduct in the work place to maintain
their current income levels or secure promotion to enhance their incomes. Apparently, less effort
to maintain employment (Simon, 1951), hence salary income is required compared to maintaining
self-employed income deriving from business enterprises, especially necessity entrepreneurs.
Business enterprises are a lot more dynamic than formal employment. The owner bears all the
risk, and in case of unforeseen circumstances obtaining like sickness accidents among others, the
self-employed suffers in entirety. In the meantime, the formal employee, is cushioned by way of
insurance cover, and other benefits embedded in their employment contracts when similar situa-
tions arise. They benefit by reason of providing rare skills and competences acquired through
higher education which the low income earner may not have accessed; especially in developing
countries.

On the other hand the consumption phase entails the cognitive effort employed in organizing
consumption activities so that the earned income is spent most efficiently. Again, the high income
earner faces less pressure to contrive consumption expenditure to avail minimum losses as would
the low income earner especially the necessity entrepreneur unless the income of the high income
earner reduces due to unforeseen causes (Meng, 2006). But one question begs; which rationality
measure should be greater, income or consumption? In responding to this question, two groups of
people in the economy emerge; breadwinners and dependents. Breadwinners are the tax payers
while dependents have their livelihoods supported by the breadwinners. A high school student,
who is a dependent just requires to apply consumption rationality over the pocket money availed
by the guardian, so only consumption rationality applies.

The guardian on the other hand has to ensure stability of their job to support both themselves
and the high school student. From the foregoing, a reasonable submission is that consumption
rationality is always higher than income rationality for the breadwinner. Sometimes the high
school student may need to sweet talk the guardian to secure some item he needs and which
would not ordinarily be granted by the guardian. This points to exercise of income rationality.
However, this is likely to be higher than the corresponding consumption rationality. In this analysis
therefore, taxpayers are regarded to exercise greater consumption rationality than income ration-
ality. Conversely, dependents are expected to exercise higher income rationality than consumption
rationality since they do not understand the effort required to earn it. It is also possible for
a taxpayer to be a dependent. Take an example of a drunkard father in the African setting.
Drinking all the money connotes exercise of little consumption rationality perhaps less than
income rationality. Usually, such individuals struggle to keep their jobs. However, after receiving
the salary it is all drowned into alcohol. A bed ridden patient consuming more than they earn in
hospital bills is also a dependent. A responsible father would apply very high consumption
rationality to secure savings for investment or to support his dependents. Therefore, for taxpayers;
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Income rationality � Consumption rationality (14)

The craft of a mathematical model that puts these notions in perspective follows. From the
hypothetical economy, three independent groups are selected representing individuals. It is not
clear the whether the average rationalities they exercise are the highest or lowest. This is to be
determined by setting the Kenya tax structure 2019 in use, the reference point. To this end it is
important to discuss the boundary conditions of the expected function.

3.1.1. Boundary conditions of the income consumption function
Going by reflexive rationality (Wilthagen, 1994), humans possess a minimum amount of rationality
inherent and therefore not learned. If a hot metal bar is placed on the wrist of a heathy person,
even if unaware, they respond by withdrawing the hand. Not so that they save money to see the
doctor over the burn, but to save themselves from pain. In the process of withdrawing the hand,
they save the money to see the doctor, which is reflexive. From this, it may be inferred that the
income consumption function has no x–intercept. Recall that the y-axis represents Gamma
Rationality Measure (GRM). On the dependent variable axis (income/consumption), the function
cannot intercept anywhere between 0 and 1, While the maximum is 1, no human being can
rationalize at 100%. That is, rationalize all their economic decisions fully (Simon, 1996). It would
mean that at zero income, one rationalizes at 100% which is not tenable. This implies that the
y-intercept does not exist also. By implication, the function is asymptotic to both axes. These
boundary conditions point to a reciprocal function of the form:

Γ ¼ a
Yb

(15)

where Γ = Gamma Rationality Measure and Y is disposable income; a and b are parameters to be
determined. Using the three independent groups’ annual income data for year 2010 and linearizing

equation (15), the reciprocal term Γ is plotted against 1/Yb by linear regression. The first SPSS
output where b = 1 is presented below.

ANOVAa

Model Sum of Squares df Mean Square F Sig.

1 Regression .048 1 .048 16.976 .152b

Residual .003 1 .003

Total .051 2

Coefficientsa

Model Unstandardized Coefficients Standardized Coefficients t Sig.

B Std. Error Beta

1 (Constant) .923 .139

6.642 .095

Y 7.210E-7 .000 .972 4.120 .152

a. Dependent Variable: 1/Γ

b. Predictors: (Constant), Y

Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate

1 .972a .944 .889 .0530087

a) Predictors: (Constant), Y
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From the above output, neither was the constant significant at either 0.05 or 0.01, nor the
coefficient. For this reason, simulation was employed and various values of b tried to increase the

level of significance for both the constant and the coefficient. Finally, the best estimate of the
function is represented by the output below.

The constant turns out significant at below 0.01 but the coefficient is still not significant. Recall
that only two values need to define a straight line uniquely, the gradient and the y-intercept. So
the intercept is correctly estimated but not the coefficient. Luckily, the functional form has already
been determined.

Next is to invoke the Psycho-social Economic Equation. For one to be a tax payer, they must
rationalize above 48.22% of all their financial decisions. Furthermore, there exists a minimum
rationality level he needs to employ for him to manage to pay the tax. To determine this minimum
rationality level, double integration of the resulting function from the above output is done, while
retaining the malfunctioning coefficient as the unknown to be determined then equate the overall
equation to the tax yield desired in equation (12). The resulting equation is

t ¼ y � hðΓ�0:05 � 1Þ (16)

T ¼
ð564;709

161;833

ð1

0:4822

y � hðΓ�0:05 � 1Þ� �
dΓ dy ¼ 14;589;808;212 (17)

Coefficientsa

Model Unstandardized Coefficients Standardized
Coefficients

t Sig.

B Std. Error Beta

1 (Constant) 1.000 .004 229.871 .003

Nat 2.541E-8 .000 .978 4.638 .135

a) Dependent Variable: 1/Γ0.05

Model Summary

Model R R Square Adjusted R Square Std. Error of the
Estimate

1 .978a .956 .911 .0016594

a. Predictors: (Constant), Y

ANOVAa

Model Sum of
Squares

df Mean Square F Sig.

1 Regression .000 1 .000 21.508 .135b

Residual .000 1 .000

Total .000 2

a. Dependent Variable: 1/Γ0.05

b. Predictors: (Constant), Y
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ð564;709

161;833

yΓ� hðΓ
0:95

0:95
� ΓÞ

� �����
1

0:4822
dy ¼ 14;589;808;212

ð564;709

161;833

0:5178y � 0:0084hf g dy ¼14;589;808;212

0:2589y2 � 0:0084hy
��564;708
161;833

h ¼ 18;081;793:5

y � t ¼ 18;081;793:5Γ�0:05 � 18;081793:5 (18)

Equation (17) is asking one question. What is the value of h such that taxpayers rationalizing between
48.22% and 100% of their decisions and who earn between KES 161,833 and KES 564,709 are able to
pay a total of KES 14.589, 808,212? The assumption here is that at every income level, there is
a taxpayer earning the amount. Equation (18) gives the income consumption rationality function in
figure 3, where y-t is the disposable income (net income after tax) and Γ is the Gamma Rationality
Measure. A summary of the rationalities used and derived follows in Table 9.

Using 2016 percentage consumption of GDP (91.6%) as personal consumption proportion, con-
sumption column is filled and highlighted as shown in figure 4. A taxpayer rationalizing income at 50%
and rationalizing consumption at 70%, is able to save 49% of income. But if the taxpayer exercises
equal income to consumption rationality, no saving is made. Worse still, if the taxpayer rationalizes
their consumption process lower than the income, they can only be a dependent; since it would mean
they spend more than what is earned—living beyond their means. The income consumption ration-
ality function forms the basis of subsequent modelling whereby a continuous progressivity model for
the entire income range is developed incorporating the cogni-economic pressure coefficients for every
income level. A CPC adjusted tax schedule comparing with the current tax computation is presented;
resulting in 14% tax increase.

Finally, assuming that the tax rates were referenced on the median income earner using
figure 5, the median taxpayer is assigned a rationality value of one. Any taxpayer rationalizing
incomes at higher than the median tax payer, an appropriate value less than one is assigned.
And, any taxpayer rationalizing income at lower than the median taxpayer is assigned a value
greater than one. To this end, since the income consumption function—equation (18) is a non-

Figure 3. Income consumption
rationality function.
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linear reciprocal function of order power −20, to make it linear, the opposite, that is, raising it
to power −0.05 is required. This operation leads to the following equation:

CPC ¼ Median income rationality
Required income rationality

� �0:05

¼ 0:9326

fRequired income rationalityg0:05
(19)

Figure 4. Kenya’s consumption
proportion of GDP 2006–2016 in
percentage.

Source: World Bank data
Tradingeconomics.com (2019)

Table 9. Annual disposable income and rationality

Annual Disposable
Income (KES)

Average Rationality Income Rationality Consumption
Rationality

529,155.55 0.7634 0.5616 0.7819

923,797.38 0.6159 0.3691 0.6385

870,789.87 0.6618 0.3904 0.6867

Average rationality = Income rationality x proportion of investment + Consumption rationality x proportion of
consumption. Any amounts saved are assumed to have been invested. Evidently, income rationality is less than
consumption rationality.

Figure 5. Salary income distri-
bution in 2019.

Source: Salaryexplorer.com
(2019)
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Using CPC—equation (19), tax liabilities are adjusted so that the three equations (2), (3) and (4) initially
used to derive a continuous progressivity function transform into equations (20), (21) and (22).

17;715 ¼ ae286;623m � s (20)

44;301 ¼ ae425;666m � s (21)

77;836 ¼ ae564;709m � s (22)

Solving equations (20), (21) and (22) simultaneously results in:

s ¼ 83;999:7; a ¼ 63;023:3;m ¼ 1:600217� 10�6. So that the CPC tax adjusted equation reads:

tcpc ¼ 63;023:3e1:600217�10�6x � 83;999:7 (23)

When a schedule comparing the current tax computation with the CPC adjusted (monetary de-
measured) tax computation, such an extract looks like the following Table 10.

Tax exempt income rose from KES 161,833 to KES 170,810. This gets us to the following overall
CPC adjusted tax function for all incomes:

tcpc ¼
0; "y � 171;810
63;023:3e1:600217�10�6y � 83;999:7; "171;810 < y � 564;709
1:0831116� 10�8y2 þ 0:27796y � 82;585:83; " y > 564;709

8<
: (24)

A continuous tax progressivity model has been monetary de-measured in the “accounting sense” by
incorporating a component that takes care of the cognitive energy dissipated by individual taxpayers
in their ordinary business of income generation. This way more equitable tax is levied; addressing
anomalies of both horizontal and vertical equity. In the meantime, both the Mwea rice farmer in
bilharzia prone regions and the Public transport investor who exert different cognitive energies in
income generation are catered for more equitably. At the same time, if they earn different incomes
chargeable as income tax, equation (24) addresses their cognitive pressures as well. Area under the
CPC tax curve for the annual taxable income up to KES 5,176,436 amounts to KES 3,783.5 billion.
Comparatively, the current tax area under the curve yields KES 3,565 billion, an increase of 6%.

Incidentally, about 10.7% (appendix B) higher tax yield (levied from higher income earners
progressively) results with the CPC tax computation as opposed to the current tax levy system.
Note that these are arbitrary choice incomes, while area under the curve is another sweeping
assumption that at every income level, there is a tax payer which may not be true. Overall, the
assumption is that the taxpayers’ distribution of income position is the same for both the current
tax and the CPC adjusted tax. This can be verified by integrating the area under both curves as
shown in Figure 6. Income beyond KES 5,176,436 avail through rationalities less than 2.36% which
is the reflexive rationality of the group considered (Kirika, 2017). For these amounts the govern-
ment may levy any proportional tax without the taxpayer feeling any pinch.

3.2. Limitations of the study
A conspicuous limitation relates to implementation of the policy. The likelihood of politicization of the
policy to craft cogni-economic pressure coefficients for each sector is high especially in developing
countries like Kenya. With regard to derivation of the income consumption rationality function on
which cogni-economic coefficients are anchored, a combination of inexact econometric estimation
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methods together with unique solution deterministic methods used are likely to render the function
slightly inaccurate. Nevertheless, the function may still be regarded a fair approximation of reality;
only that continuous research is required to establish the right function parameters as economic
agents increase their economic rationalities over time to reflect increasingly challenging cost of living.

3.3. Generalizations
The hypothetical economy is a proper subset of the Kenyan society. About 67% of all Kenyans
derive their livelihoods directly or indirectly from SACCO activities (SASRA, 2013). This means that
the above models and the assumptions underlying may be generalized for the Kenyan society.
With more growth of the cooperative sector, the models discussed gain greater credibility.

4. Conclusion
All the four objectives of this paper stand achieved. First, at 98% accuracy level, the exponential
function was able to forecast true tax payable as confirmed by Levene’s test. It is possible to
create more accurate models of estimation but this would entail unwarranted rigour. Researchers
are invited to explore more precise models with less sophistication. The hypothetical economy was

Table 10. Current Tax and CPC tax comparatives

Income(Y) Rat CPC CPC Tax Current Tax

161,833 0.8354 0.9410 (1,383) 0

171,810 0.8277 0.9415 0 1,497

181,832 0.8200 0.9419 1,413 3,000

201,832 0.8049 0.9428 4,305 6,000

221,832 0.7902 0.9436 7,297 9,000

241,832 0.7759 0.9445 10,393 12,000

261,832 0.7620 0.9454 13,594 15,000

281,832 0.7484 0.9462 16,906 18,000

286,623 0.7452 0.9464 17,715 18,719

301,832 0.7351 0.9471 20,330 21,760

321,832 0.7222 0.9479 23,873 25,760

341,832 0.7096 0.9487 27,536 29,760

361,832 0.6974 0.9496 31,324 33,760

381,832 0.6854 0.9504 35,242 37,760

401,832 0.6738 0.9512 39,293 41,760

421,832 0.6625 0.9520 43,482 45,760

425,666 0.6603 0.9522 44,301 46,527

441,832 0.6514 0.9528 47,813 50,569

461,832 0.6407 0.9536 52,291 55,569

481,832 0.6303 0.9544 56,921 60,569

501,832 0.6201 0.9552 61,708 65,569

521,832 0.6102 0.9559 66,656 70,569

541,832 0.6006 0.9567 71,772 75,569

561,832 0.5913 0.9574 77,061 80,569

564,708 0.5900 0.9575 77,836 81,288

564,709 0.5900 0.9575 77,836 81,288

664,708 0.5472 0.9611 106,963 111,288

764,708 0.5077 0.9648 136,308 141,288

864,708 0.4711 0.9684 165,869 171,288

Source: Researcher findings (2020)
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to assist in creating sectors like in a real economy; which it did. For purposes of addressing
horizontal equity anomalies the CPC’s for the sectors worked to actually gather more tax for the
government enhancing productivity of tax levied after evening cogni-economic pressure, which
resonates with the main objective of delivering more horizontal equity.

Perhaps the greatest achievement of this analysis is formulation of the income consumption
rationality function. This is hoped to generate a lot more uses in the advancement of the Entropy
Rationality Theory and its corollary—Psychosocial Economic Equation. With it was birthed the
three types of rationalities, average, income and consumption rationalities. These advances the
Gamma Rationality Measure in a huge and unprecedented way. Finally, the income consumption
rationality function was used to develop a CPC tax adjusted progressivity function that addresses
vertical equity implementation anomalies. Inequity, whichever nature promotes tax evasion which
increases administration costs reducing efficiency (King & Sheffrin, 2002). This model therefore is
likely to be more economical. Save for administration challenges of the tax models so formulated,
they go a long way to expound the perspective in which tax equity should be viewed.
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Appendix A.

Current Tax and CPC Adjusted Tax computations

Income(Y)
in KES

Rat (Γ) CPC Current Tax CPC Tax

161,833 0.835424 0.941023 0.15 −1382.78

171,810 0.827671 0.941461 1496.55 0.080284

261,832 0.761971 0.945363 14,999.85 13,594.12

281,832 0.74837 0.946214 17,999.85 16,905.53

286,623 0.745164 0.946418 18,718.5 17,715.49

301,832 0.735115 0.94706 21,760.3 20,330.46

421,832 0.662461 0.952001 45,760.3 43,481.84

425,666 0.660325 0.952155 46,527.1 44,300.96

441,832 0.651438 0.9528 50,568.6 47,813.03

461,832 0.640709 0.953592 55,568.6 52,291.21

561,832 0.591292 0.957426 80,568.6 77,060.53

564,708 0.589971 0.957533 81,287.6 77,835.5

564,709 0.589971 0.957533 81,287.85 77,835.77

664,708 0.547195 0.961144 111,287.5 106,963.3

764,708 0.507664 0.964754 141,287.5 136,307.7

864,708 0.471121 0.968364 171,287.5 165,868.7

4,707,330 0.032374 1.107097 1,324,074.1 1,465,879

4,749,976 0.031486 1.108637 1,336,867.9 1,482,101

4,792,622 0.030624 1.110177 1,349,661.7 1,498,363

4,835,268 0.029787 1.111716 1,362,455.5 1,514,664

4,877,914 0.028974 1.113256 1,375,249.3 1,531,005

4,920,560 0.028184 1.114796 1,388,043.1 1,547,384

4,963,206 0.027417 1.116335 1,400,836.9 1,563,804

5,005,852 0.026671 1.117875 1,413,630.7 1,580,263

5,048,498 0.025947 1.119415 1,426,424.5 1,596,761

5,091,144 0.025243 1.120954 1,439,218.3 1,613,298

5,133,790 0.02456 1.122494 1,452,012.1 1,629,875

5,176,436 0.023896 1.124034 1,464,805.9 1,646,491

Source: Researcher findings (2020)
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