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Abstract: Investment funds (FIO) as collective investment institutions, place their funds in 

the stock exchange, thus, participate in financing enterprises. It is true that this share is at 

the level of several percentage points, but asset transfers at this level can significantly 

affect the valuation of assets. On the other hand, through the valuation of assets, the stock 

exchange may also affect the value of participation units of the funds investing in shares. 

Therefore, the relationship between investment funds and the stock exchange becomes bi-

directional. The main aim of the analysis herein is to examine the interaction between the 

valuation of participation units of selected FIO and the capital market. The analysis 

includes the share funds existing since 2003. The reference point is the Warsaw Stock 

Exchange (four main indices: WIG, WIG20, mWIG40 and sWIG80), where these funds 

invest their cash. The presented analysis is carried out in two stages. The first, an 

assessment of the interaction between changes in the valuation of fund units and changes in 

the quotations of the four main WSE indices in Warsaw: WIG, WIG20, mWIG40 and 

sWIG80. The Granger causality test is used for this purpose. In the second stage, the funds 

were classified, considering the results of the causality test and portfolio structure. For the 

clustering, we applied k-means methods. The obtained results indicate two main findings. 

First, the vast majority of funds, in relation to WIG (whole market index) and WIG20 (blue-

chip index) are characterized by causality, which can be described as bilateral 

(IndexFIO). In turn, the FIO relationship with the mWIG40 (medium companies index) 

and sWIG80 (small companies index) can be described as one-sided (IndexFIO). Such a 

situation is undoubtedly the outcome of the fact that the blue-chip equities have a 
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significant share in the funds' portfolios. Second, the results of cluster analysis point, were 

that obtained clusters of funds are more diversified because of the structure of the 

portfolios than the interactions with the main stock exchange indices. 

Keywords: open-end mutual funds; stock exchange; short-term relationships; Granger 

causality 

1 Introduction 

Investment funds, as collective investment institutions, placing their funds on the 

stock exchange, thus participate in financing enterprises. It is true that this share is 

at the level of several percent, but asset transfers at this level significantly affect 

the valuation of assets. On the other hand, through the valuation of assets, the 

stock exchange may also affect the value of participation units of funds investing 

in shares. Therefore, the relationship between investment funds and the stock 

exchange becomes reciprocal. 

The purpose of the conducted analysis was, therefore, to check the interaction 

between the valuation of participation units of selected FIO and the capital market. 

The analysis includes the Share Funds existing since 2003. The reference point is 

the Warsaw Stock Exchange, where these Funds invest. 

The influence of the behavior of the stock exchange on the valuation of joint-stock 

units of investment funds is undisputed. As mentioned earlier, the funds invest 

their funds mainly on the Polish stock exchange, therefore the valuation of the 

fund units is strictly dependent on the quotations of the assets included in the 

portfolio. The analyzed funds invest primarily in assets that are taken into account 

in the construction of major indices (WIG20, mWIG40 and sWIG80). This leads 

to changes in the indices expressed in changes in indices that will affect the price 

of participation units. 

The relationships between the valuation of FIOs and index quotes are complex. As 

mentioned earlier, it is not one-way. The influence of the valuation of units on the 

quotation of indices can be explained in several ways. In a synthetic way, it was 

taken by [4]. She points out that the influence of funds on the stock exchange can 

be explained on the basis of such phenomena as: immediate impact, institutional 

herding or long-term trends. Investment funds have an immediate impact on the 

price of shares due to the ability to sell significant blocks of shares. Such 

dependencies were examined, among others [34, 41] or [19]. Institutional herding 

takes place when one fund buys some value, it is very likely that they will imitate 

it. This phenomenon was examined, among others [25, 43] or [14].              

Investment funds affect stock prices in the long term due to the use of a passive 

strategy or a gradual increase in their assets. He even mentions a report by the 

Deutsche Bundesbank [8]. 
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2 Review of the Literature 

Relations between financial time series (to which undoubtedly belong both 

indexes and series with the valuation of investment fund units) are considered in 

the field of both short-term and long-term changes. A review of analyzes related 

to relations for capital markets was presented, inter alia, in the works of: [3] [24]. 

Long-term relations are largely analyzed in relation to the concept of cointegration 

[17, 11, 12]. This type of analysis has been widely used since the early nineties of 

the last century, and its importance has been emphasized, among others, at work 

[22]. A review of literature in this field is presented, for example, in the works of: 

[13] and [39]. The concept of cointegration in the analysis of the relationship 

between "funds" and the capital market was used, among others, in works: [1, 5, 

18, 35] or [2]. 

As a complement to the cointegration analysis, the short-term compounds are 

tested using the Granger causality test. One of the possibilities is to run this test 

based on the Vector Error Correction Model (VECM) [21]. The existence of such 

relations between the "funds" and the local stock market was demonstrated, inter 

alia, in the works [35] or [1]. Short-term dependencies are also analyzed using 

fixed-line financial series, such rates of return or in terms of volatility [26]. 

Testing causality between the returns on exchange indices and aggregate mutual 

funds flow is presented, among others, in the works [44] for monthly data and 

exchanges in Hong Kong and Singapore, [17] quarterly data and the Portuguese 

exchange and [20] for quarterly data and the S&P500 index. In turn, analysis for 

data daily was presented in the paper [33], where the authors showed a relation 

between the funds flow and the Indian exchange. The study of relationships in the 

field of variability is presented in the paper [6]. 

The relationship between the inflow of capital to investment funds and the rates of 

return from the market has been explained in the literature, among others using 

feedback trading hypothesis. Investors invest their financial surpluses in funds 

when stock prices rise, which delays the rise in asset prices. Research for the US 

market was conducted, among others [42] (using monthly data from 1984-1993) 

or [37]. Using a similar methodology, they did not observe return relationships 

between the flows of investment funds and share prices. Completely different 

results were obtained by [36] [9], who used the monthly rate of return of funds to 

test the Granger causality test. Dependencies for other markets were indicated by 

[1] (for the Greek market) or [34] (for the Korean market). 

In Polish literature, there are few papers describing the relationship between the 

value of fund assets and changes in stock market indices. The analysis of the 

dynamics of the value of assets can be found in Satoły's work [38]. It focuses on 

the period from June 2006 to March 2010 analyzing capital flows both at the end 

of the month and in the quarter. Satoła concludes that the development of the 

investment funds market is one of the factors of the development of the financial 

market. The upturn in the stock market attracts capital to investment funds, and 
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this has a positive impact on the development of the entire market. The rise in the 

value of assets in 2007 according to Satoła was influenced by both the bull market 

and psychological factors. The decisions made at that time were a reaction to 

changes in stock market indices. 

3 Investment Fund Markets in Poland 

The first open-end investment fund was established in Poland in 1992 (the First 

Polish American Trust Fund Pioneer), and another one only three years later. 

From 20 funds in 1997, the number of funds in 2004 increased more than seven 

times. The development of the investment funds market was influenced by further 

legal regulations and an increase in investment awareness of Poles. 

The Act on Trust Funds of August 28, 1997 changed the nomenclature of funds 

(the trust fund was changed into an open-end investment fund) and gave the fund 

legal personality. In 1999, the first closed fund was created. The amendment of 

the Act in 2000 enabled the sale of fund units outside brokerage houses and 

through individuals. In this year, funds were created that invest outside of Poland 

and global funds (investing in Poland and abroad). In 2001, the bond and money 

market markets developed. 

The entry into force of the Act on investment funds in 2004 had a major impact on 

the current shape of the investment fund market. The adaptation of Polish law to 

the regulations in force in the European Union unified the principles of fund 

management, information obligations of open funds and the rules for selling 

shares by foreign funds based in the EU. In 2004, the Management Board of 

Funds and Assets was also set up to carry out activities related to the operation of 

the funds and the standards of their operation. 

At the end of 2004, the net assets of investment funds amounted to 37.43 (PLN 

bn), and at the end of December, the net asset value of the share-based funds alone 

was 29.63 (PLN bn). 

Comparing the Polish and European Fund Markets, the share of fund assets 

registered in Poland in European Fund assets is small (around 0.5%). Assets of 

funds are constantly growing, their share in relation to GDP increases, and the 

structure of the market from the point of view of their division into shares, bonds, 

money market, etc. reflects the structure of the European market [45]. 

One of the classification of funds is the division behind the Chamber of Fund and 

Asset Management, which lists the following types [30, 31, 32]: absolute return 

funds, equity funds, private equity funds, debt funds, cash and cash funds, mixed 

funds, real estate, capital protection, raw material market and securitization. In this 

structure, equity funds are in fourth place, having approximately 11-12% share in 

the investment fund market. This percentage gives net asset value at the level of 
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PLN 33.17 billion as at the end of December 2017, even with a negative balance 

of sales (Table 1). A similar share of equity funds in the entire market does not 

mean that the net asset value remains unchanged. On the contrary, this value is 

gradually growing, except during the financial crisis, and the development of other 

types of funds gives a stable position of equity funds against the market. 

Table 1 

Net asset value of particular types of funds (as at the end of December 20017 and 2016) 

Net asset value of individual types 

of funds (PLN million) 
December 2016 December 2017 

absolute return funds 14999 15060 

equity funds 28234 33166 

non-public asset funds 103628 100597 

debt funds 43487 47566 

cash and cash funds 32185 41186 

mixed funds 24651 32544 

real estate funds 2265 2418 

capital protection funds 2442 no data 

raw materials market funds 1082 1060 

securitization funds 5951 5382 

together 258922 278979 

Source: own study 

4 Analyzed Fund Characteristics 

The subject of the research was 15 equity funds operating in Poland since 2003. 

13 of them belong to Universal Funds, while 2 are funds investing in shares of 

small and medium-sized companies (Investor Top 25 Malych Spółek, Rockbridge 

Akcji Dynamiczne Spółek). 

Table 2 lists the names of the funds covered by the study and the Company that 

manages them. 

Table 2 

Funds accepted for the study 

LP Name of the fund TFI Sign 

1 
Arka BZ WBK Akcji 

Polskich 

BZ WBK Towarzystwo Funduszy 

Inwestycyjnych S.A. 
Arka 

2 
Aviva Investors 

Polskich Akcji 

Aviva Investors Poland Towarzystwo 

Funduszy Inwestycyjnych S.A. 
Aviva 

3 Esaliens Akcji 

Esaliens Towarzystwo Funduszy 

Inwestycyjnych S.A. (dawniej Legg 

Mason TFI S.A.) 

Esaliens 
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Source: Authors' own 

When analyzing funds in terms of net assets (Figure 1), one can notice a large 

difference in value. The funds with the largest market shares can be: NN Akcji, 

Arka BZW BK Akcji Polskich, Esaliens Akcji, Aviva Investors Polskich Akcji or 

PZU Akcji Krakowiak. The lowest net asset value is represented by Novo Akcji, 

Rockbridge Akcji Dynamicznych Spółek, Rockbridge Akcji and Investor Akcji 

Spółek Dywidendowych, which have a nearly nine times smaller share of net 

assets than the largest funds. 

The type of fund, in accordance with the Act on investment funds of May 27, 

2004, already imposes certain restrictions on the manner of investing. In addition, 

the funds in their prospectuses specify this in more detail, giving the upper or 

lower percentage of investing funds in shares. As of June 2017, it is shown in 

Figure 2. 

4 Investor Akcji 
Investors Towarzystwo Funduszy 

Inwestycyjnych S.A. 
Investor1 

5 
Investor Akcji Spółek 

Dywidendowych 

Investors Towarzystwo Funduszy 

Inwestycyjnych S.A. 
Investor2 

6 
Investor Top 25 

Małych Spółek 

Investors Towarzystwo Funduszy 

Inwestycyjnych S.A. 
InvestorT 

7 Millennium Akcji 
Millennium Towarzystwo Funduszy 

Inwestycyjnych S.A. 
Millennium 

8 NN Akcji 
NN Investment Partners Towarzystwo 

Funduszy Inwestycyjnych S.A. 
NN 

9 Novo Akcji 
OPERA Towarzystwo Funduszy 

Inwestycyjnych S.A. 
Novo 

10 Pioneer Akcji Polskich 
Pioneer Pekao Towarzystwo Funduszy 

Inwestycyjnych S.A. 
Pioneer 

11 PZU Akcji Krakowiak 
Towarzystwo Funduszy 

Inwestycyjnych PZU S.A. 
PZU 

12 Rockbridge Akcji 
Rockbridge Towarzystwo Funduszy 

Inwestycyjnych S.A. 
Rockbridge1 

13 
Rockbridge Akcji 

Dynamicznych Spółek 

Rockbridge Towarzystwo Funduszy 

Inwestycyjnych S.A. 
Rockbridge2 

14 Skarbiec Akcja 
Skarbiec Towarzystwo Funduszy 

Inwestycyjnych S.A. 
Skarbiec 

15 UniKorona Akcje 
Union Investment Towarzystwo 

Funduszy Inwestycyjnych S.A. 
UniKorona 
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Figure 1 

Net asset value in PLN million (as of January 2018) 

Source: own study 

 

 

Figure 2 

Asset Class (as at June 2017) 

Source: own study 
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Funds from 70.94% (in the case of the Novo Akcji fund) to 98.64% (in the case of 

the Investor Akcji fund) invest their assets in shares. Only five funds (Novo Akcji, 

Rockbridge Akcji, Pzu Akcji Krakowiak, Arka BZ WBK Akcji Polskich, Aviva 

Investors Polskich Akcji) had debt securities in their portfolios. They constituted 

from 1.41% in the case of Aviva Investors Polskich Akcji up to 17.2% for Novo 

Akcji. The Novo Akcji fund was the only one that held debt securities in its 

portfolio. The last component of the portfolio was other assets, i.e. deposits, 

derivatives, currencies and cash. Their share ranged from 1.36% to 11.35%. 

Focusing on the shares that accounted for the largest share in the portfolio, it can 

be seen that large funds invested primarily a significant part of their equity assets 

in large companies included in the WIG20 index (Figure 3). The share for the 

Arka BZW BK Akcji Polskich fund was 52.11%. A small share in the portfolio of 

companies included in the WIG20 occurred, which is understandable, for the 

Rockbridge Akcji Dynamicznych Spólek (1.82%) and Investor Top 25 Małych 

Spółek (1.15%) funds. However, the situation was similar in the case of the 

Investor Akcji fund (companies from WIG20 constituted only 3.16% of the share 

assets). In addition to investing in large companies, the fund portfolio also 

includes medium-sized companies (from 9.41% to 39.99%) and small (from 

4.34% to 24.91%). In addition, the portfolios of funds consist of shares that are 

not part of the listed indices. The share of such assets in the portfolio is from 

12.47% to 58.57% in the case of the Investor Akcji fund. 

 

Figure 3 

Structure of assets (as at June 2017) 

Source: own study 
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5 Description and Methodology of the Test 

The presented analysis consisted of two stages. The first was an assessment of the 

interaction between changes in the valuation of fund units and changes in the 

quotations of the four main WSE indices in Warsaw: WIG, WIG20, mWIG40 and 

sWIG80. The causality test in the Granger sense was used for this purpose. In the 

second stage, the funds were classified taking into account the results of the 

causality test and portfolio structure. 

Granger causality is defined in following way [16] [7]: 

If MSE( Ῠt | Ut-1 ) < MSE( Ῠt | Ut-1 \ Xt-1)  then to   X  Y   

where: Ut-1 – set of previous information that is available at the moment t, Xt – set 

of previous information that is available at the moment t, Xt is a subset of Ut: 

Xt  Ut, Yt – present value of the variable Y (Yt  Ut), Ῠt  – unbiased forecast of 

variable Y, MSE – mean square error of ex post forecast. 

In other words, we can have interpreted it that changes of variable X „cause” the 

changes of variable Y when we can better predict Y using X. Such situation we 

mark it further as XY, where arrow points to the direction of causality. The 

reverse relation is defined in an analogous way YX. 

When both relations occur simultaneously, i.e. XY and YX, feedback or 

mutual causality is referred to and denotes as: XY. 

The parameters of the two models are estimated in the first step. First is the 

unrestricted model in the form: 

𝑦𝑡 = 𝛼0 +∑𝛼𝑖𝑦𝑡−𝑖

𝑝

𝑖=1

+∑𝛽𝑗𝑥𝑡−𝑗

𝑞

𝑖=1

+ 𝜀𝑡 (1) 

and the second, restricted model (with assumption that parameters j are equal 

zero) is as follows: 

𝑦𝑡 = 𝛼0 +∑𝛼𝑖𝑦𝑡−𝑖

𝑝

𝑖=1

+ 𝜀𝑡 (2) 

where: xt- value of variable X in period t; yt - value of variable Y in period t; α0, αi, 

βj - parameters of the regressions. 

The presented version of the test concerns stationary time series, therefore the rate 

of return of the analyzed series is used in the study: 

𝑦𝑡 = ln
𝑌𝑡

𝑌𝑡−1
  and  𝑥𝑡 = ln

𝑋𝑡

𝑋𝑡−1
   (3) 

In the causal relationship WIGFIO for the variable Yt, we accept the valuation 

of one investment fund and the variable Xt for the quotation of one of the indices. 
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On the other hand, for the FIO  WIG relationship, the variable Yt accepts the 

quotations of one of the indices and for the variable Xt, the valuation of one 

investment fund. 

The set of hypotheses is formulated in this test as follows: 

H0: j = 0 for j = 1, 2, ..., q, changes in the X process do not cause changes in the Y 

process (short indication:  XY) 

H1: j  0 for j = 1, 2, ..., q, changes in the X process cause changes in the Y 

process (XY) 

When we have a large number of observation the test statistics is as follows (see 

[28], p. 177-178): 

𝑊𝐺 =
𝑅𝑅𝑆𝑆 − 𝑈𝑅𝑆𝑆

𝑈𝑅𝑆𝑆
∙ 𝑇 (4) 

where: URSS - residual sum of squares from the unrestricted equation (1); RRSS - 

residual sum of squares from the restricted equation (2). 

The causality test is carried out for a different number of p lags from 1 to 10, with 

the assumption that the maximum delay of the variables xt and yt,: p and q are 

equal (p=q). The rejection of the null hypothesis for a major numbers of lags will 

be interpreted as a situation where the changes in the quotation of one asset (X) 

contribute more to changes in the quotation of the second asset (Y), which in short 

we will consider as a stronger "causality effect", stronger reaction of the Y 

processes for changes in the X processes. 

For the clustering was applied k-means method [29] [15]) and STATISTICA 

software. In turn, the procedure for conducting cluster analysis were taken from 

the work of [40]. Data was standardized and as a distance measure it was applied 

Euclidean distance. The k-means method is one of the most widely applied 

methods for data clustering. It consists of dividing the analyzed sample of objects 

into predefined number of cluster. This method consists in dividing the analyzed 

group of objects into predefined number of classes. In the first phase of analysis, 

objects (states) were divided into different number of clusters: groups: from 2 to 

12 (k = 2, 3, ..., 7). Then, based on silhouette index (SI, see [23]), the best 

divisions were selected. Walesiak reports that values over 0.5 designated that 

reasonable structure has been found. then the number of clusters is acceptable. 

Diagnostic variables: 

Z1i - the number of rejections H0 in the Granger causality test, when the 

FIOWIG relationship is tested (in the case of the i
 th

 fund); 

Z2i - the number of rejections H0 in the Granger causality test, when the 

FIOWIG20 relationship is tested (in the case of the i
 th

 fund); 

Z3i - the number of rejections H0 in the Granger causality test, when the 

FIOmWIG40 relationship is tested (in the case of the i
 th

 fund); 
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Z4i - the number of rejections H0 in the Granger causality test, when the 

FIOsWIG80 relationship is tested (in the case of the i
 th

 fund); 

Z5i - share in the portfolio of i
 th

 fund of securities other than companies listed on 

the WSE; 

Z6i - share in the portfolio of the i
 th

 fund of companies listed in the WIG20 index; 

Z7i - share in the portfolio of the i
 th

 fund of companies listed in the mWIG40 

index; 

Z8i - share in the portfolio of the i
 th

  equity fund companies in the sWIG80 index; 

Z9i - share in the portfolio of the i
 th

 fund of companies listed on the GPG but not 

included in the WIG20 or mWIG40 or sWIG80 indexes. 

Z1i-Z4i variables can have values from 0 to 10, and Z5i-Z9i variables from 0% to 

100%. To simplify the analysis, we adopted the composition of the portfolio for 

June 2017. 

6 Results 

The results of the Granger causality test (see Table 3) indicate that the changes in 

the values of the stock exchange indices cause changes in the valuation of 

investment fund units. What is the expected fact? Because, as mentioned earlier, 

the valuation of the fund depends, among other things, on the value of the assets 

included in the investment portfolio of the fund. On the other hand, the analyzed 

portfolios include companies that are listed within stock indices to a great extent. 

In addition, attention should be paid to the fact that the valuation of units is also 

affected by the interest in their purchase or sale, and this largely depends on the 

situation on the stock exchange. In other words, the bull market on the stock 

exchange contributes to an increase in interest in the investing in the FIOs and the 

bear market will cause a decrease in such interest. 

Table 3 

Results of the Granger causality test: lags (p) for which H0 is rejected at the significance level of 0.05 

 F
IO


 

W
IG

 

W
IG

 


F

IO
 

F
IO


 

W
IG

2
0
 

W
IG

2
0
 


F

IO
 

F
IO


 

m
W

IG
4

0
 

m
W

IG
4

0
 


F

IO
 

F
IO


 

sW
IG

8
0
 

sW
IG

8
0
 


F

IO
 

Arka 9;10 1-10 5-10 1-10   1-10 2;5 1-10 

Inwestor1 3-5;7-9 1-10 1-9 1-10   1-10 1-4;8-10 1-10 

NN 3;4 1-10 3-10 1-10   1-10 1-3;5-7 1-10 

Novo   1-10 9 1-10 1-4 1-10 1-10 1-10 

PZU 1;3;4;6 1-10 1-10 1-10 4;6-8 1-10 6;10; 1-10 

Skarbiec 4 1-10 2;4;6;8-10 1-10 5;7;8 1-10 1;2;6;8 1-10 
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UniKorona   1-10 3;5;6;8-10 1-10 1-4;10 1-10 1-10 1-10 

Aviva 2;5-10 1-10 2-10 1-10   1-10   1-10 

InvestorT 2-10 1-10 1-10 1-10 2;6;7 1-10 1-3;5;10 1-10 

Esaliens 3;5-10 1-10 2-10 1-10 3-8 1-10 4;9;10 1-10 

Inwestor2   1-10 1-10 1-10   1-10 1;2;5-8 1-10 

Millenium 2;5-8 1-10 1-10 1-10 1;3;4 1-10 4;6 1-10 

Rockbridge1 3;8;10 1-10 1-3;6;8;10 1-10 3 1-10 2;3;6;7 1-10 

Rockbridge2 1-9 1-7 1-4;8 1;5-8 2;5 1-10   1-10 

Pioneer 2-10 1-10 1-10 1-10 1;4-6 1-10 5;6 1-10 

Source: own study 

The IndexFIO designation indicates the results of the causality test where the changes in the index 

prices were the reason (in the Granger sense) of changes in the valuation of FIOs. 

The FIOIndex designation indicates the results of the causality test where changes in the valuation of 

FIOs were the cause (in the Granger sense) of changes in the index prices. 

The presented results indicate that changes in the values of the analyzed funds 

units may also be the cause (in the Granger sense) for changes in the index prices. 

The maximum number of rejections H0 (10 times) is obtained for three funds: 

Pioneer, InvestorT and Rockbridge2, and for two others (Millenium and Aviva) 9 

rejections in the case of the FIO impact on the WIG index., The results indicate a 

significant stronger impact of changes in the value of FIO units on WIG20 index 

quotations in comparison to the other indices. There are at least 9 H0 rejections for 

13 funds out of 15 (9 rejections for Investor1, Arka, NN, Skarbiec, Millenium, 

Inwestor2 and Rockbridge2 and 10 rejections for Esaliens, Pioneer, PZU, Aviva, 

InvestorT and Rockbridge2). UniKorona and Novo are funds for which we 

diagnose with a lack of causality with respect to the mWIG40 and sWIG80 

indexes which at least 9 H0 rejections. Interestingly, in the case of these funds, we 

have at most two H0 rejections in the FIOWIG20 relationship and no H0 

rejections in the FIOWIG relationship. UniKorona and Novo are the only funds 

which do not affect changes in the WIG index. 

It is worth noting that for the major FIOs (8 out of 15) the rejection of the null 

hypothesis FIOWIG20 takes place already for the first lag (p=1) in the case of 

the WIG20 index. They are mainly funds with small capitalization, less than 300 

million PLN (Millenium, InvestorT Inwestor1, Inwestor2, Rockbridge1, 

Rockbridge2). The other two (PZU and Pioneer) can be defined as medium-sized 

funds (with the portfolio value above 600 million PLN, but not exceeding 1000 

million PLN). However, it should be noted that the shares of managing authorities 

of these portfolios (PZU and PEKAO SA) constitute a significant share in the 

composition of the WIG20 index. In turn, for the three largest funds (with the 

portfolio value above 1000 million PLN) the impact of the FIO valuation on the 

index quotation is visible only after at least two periods. This phenomenon is 

explained by the fact that money management in the smaller funds is more flexible 

(i.e. it is easier to withdraw them from the market) than in the case of large funds. 
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On the other hand, in the case of PZU and Pioneer funds, we expect that their 

valuation is strongly related to the valuation of shares in the managing institutions 

of these funds. In turn, they have a large share in the WIG20 index, therefore the 

companies price of these institutions is closely related to the WIG20 index. Such 

an interpretation may be a research hypothesis for the next study. 

The last stage of the analysis is funds clustering applying the k-means method. 

The results are presented in the Table 4. The best division is found in 5 groups. 

The values of the silhouette index in this case is 0.768, which indicates a very 

good division (with the so-called strong class structure). We obtain three one-

object clusters (Unikorona in group 1, Investor1 in group 2 and Novo in group 4). 

Two clusters include six funds each of them. There are such funds as Arka, NN, 

Skarbiec, Esaliens, Millenium and Pioneer in group 3. This group is characterized 

by a significant number of H0 rejections in the FIOWIG20 relation (about 9 

rejections on average) and in the FIOWIG relation (about 7 rejections on 

average). On the other hand, in the FIOmWIG40 relation we notice a low 

number of rejections (the average is 0.3). H0 is rejected 3 times on average in the 

FIOsWIG80 relation. This group was characterized by a fairly high share of 

WIG20 companies (48.3% on average) and a relatively low share of companies 

not listed in the main WSE indices (18.6% on average) in comparison to other 

clusters. Group 5 includes following funds: PZU, Aviva, InvestorT, Inwestor2, 

Rockbridge1, Rockbridge2. In this group, we observe a significant number of H0 

rejections in the FIOWIG and FIOWIG20 relations (7.2 and 9.7 on average 

respectively). 
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UniKorona 1 0 1 9 10 8.0% 45.2% 26.2% 11.2% 17.5% 

Inwestor1 2 2 9 0 7 1.4% 3.2% 22.5% 15.7% 58.6% 

Arka, NN 

Skarbiec, 

Esaliens, 

Millenium, 

Pioneer 

3 7 9.3 0.3 2.7 7.6% 48.3% 23.9% 9.3% 18.6% 

Novo 4 0 2 10 10 29.1% 43.6% 9.4% 4.3% 42.6% 

PZU, Aviva,  

InvestorT, 

Inwestor2 

Rockbridge1, 

Rockbridge2 

5 7.2 9.7 1.3 1.3 12.9% 18.4% 30.3% 19.4% 32.0% 

Source: Own Study 
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Conclusions 

The presented results indicate that Fund Groups significantly differentiate more 

because of the structure of the Fund's portfolios, than the relationships and the 

interactions with the main stock exchange indices. The vast majority of Funds in 

relation to WIG and WIG20 indexes are characterized by causality, which can be 

described as bilateral (Index↔FIO). The influence of the changes in the values of 

the stock exchange indices on the valuation of investment fund (Index→FIO) 

units is evident. Primarily, because of the fact that the valuation of the Fund 

depends on the value of the assets included in the investment portfolio of the 

Fund, among other things. In turn, we also diagnosed the reverse relation 

(FIO→Index). Such situations can be explained by several factors, i.e.: immediate 

impact, institutional herding or long-term trends. It is almost worthless, that the 

analyzed FIO's portfolios include companies that are listed within stock indices, to 

a great extent and cannot remain inconsequential. On the other hand, the FIO 

relationship with the mWIG40 and sWIG80 indexes can be described as, one-

sided (Index→FIO). While changes in index prices affect changes in the valuation 

of Funds, the reverse relation is observed to a limited extent. Such situations can 

be explained by the policies pursued by the Funds. They adjust to the whole 

market (stock exchange) trends as described by major indices, in our analysis, 

they are WIG and WIG20. 
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