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The Effect of Consultant Competency on
Consulting Performance Using Text Mining and
Meta-Analysis
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Abstract: Background/Objectives: Various studies have been
conducted on the same research topic. However, the results are the
same in some cases but others in others. Therefore, it is necessary
to conduct a systematic and quantitative analysis of various
research results on the same topic using Meta - analysis.
Methods/Statistical analysis: In this study, 96papers on the topics
of ‘consultant competency' and ‘consulting performance’ were
extracted from the domestic dissertation published for 10 years
from 2009 to 2018. Text mining was conducted to confirm that
these articles cover the same topic. And the study of hypotheses
related to the impact of consultant competency and attitude on
consulting performance. A Meta - analysis of selected papers was
conducted to draw general conclusions on the different
conclusions. Text mining and Meta - analysis use statistical
package R. Findings: As a result of text mining, the key keywords
were ‘consulting’, 'performance’, ‘consultant’, 'management’,
‘effect’ and so on. These words have been identified as key words
in the literature on consultant competency and consulting
performance. Meta - analysis used correlation coefficients of
variables. Hypothesis testing for the heterogeneity of the
population of each study hypothesis and the effect size and the
mean effect size were calculated. The consultant competency and
attitude ability were found to have a great effect on consulting
performance. In the analysis of the publication bias as to whether
the individual study represents the entire group of research, the
consultant competency had not publication bias, but the
consultant attitude was confirmed to be a publication bias.
Improvements/Applications: Inthis paper, Meta - analysis is
conducted for theses, but it can be extended to articles published
in academic journals in the future. It is also expected that the
research topic will also be meaningful research to extend the
general conclusion by expanding it to various conclusions about
the same subject such as R & D performance and service quality.

Keywords: Meta-analysis, Text mining, R-language,
Consultant competency, Consultant attitude, Consulting
performance

I. INTRODUCTION

There are a number of studies on consulting related to the
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effects of consultant and client characteristics on consulting
understanding or consulting performance. The characteristics
of consultants include consultant competency, consulting
knowledge, and attitudes toward customers in conducting
consulting. There are a number of studies on consulting
related to the effects of consultant and client characteristics on
consulting understanding or consulting performance.
Consulting performance is largely measured by financial
performance or nonfinancial performance. The same
hypothesis, however, may lead to different conclusions
depending on the study. Therefore, it is necessary to derive
consistent results for the same hypothesis so that relevant
research users can make reasonable decisions. Meta - analysis
is used to generalize various conclusions on the same topic
and a generalization of the results of a new situation by
organizing and comparing the results of studies with different
environments and different models for the same or similar
research topic [1, 2]. Therefore, it is meaningful to summarize
the existing research and presenting the direction of future
research by analyzing the papers that examined the
relationship between consultant capacity and consulting
performance. Big data is used in a variety of fields including
storage, collection, discovery, and analysis of large amounts
of data, such as phenomena identification, future prediction,
pattern analysis, and marketing [3]. Text mining, one of the
data analysis techniques of Big Data, is a useful method to
derive the implications of data by visualizing the relationship
and influence relationships between concepts using statistical
methods [4]. The purpose of this paper is to analyze the
impact of consultants on consulting performance by
meta-analysis and analyzing key keywords in English
abstracts through text mining.

Il. THEORETICAL BACKGROUNDS AND
METHODS

This section describes the theoretical background of text
mining and meta-analysis. And data collection method, data
analysis related to this paper.

2.1. Text Mining

2.1.1. Theoretical Backgrounds

Text mining is a research area that finds interesting and
meaningful patterns and rules in unstructured text, usually
through a series of text analysis and processing that extracts
meaningful information for a
specific purpose [5,6].
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There are high frequency emergence words in one
document group and most text mining techniques are based on
the frequency of occurrence of these words. Text mining
applies Zipf and Heap’s law. According to Zipf and Heap’s
Law, if words are sorted in a natural corpus representation in
order of their frequency of use, the frequency of use of all
words is inversely proportional to the order of the word. Zipf
and Heap’s law is expressed by the following equation.

Flkis,N) = ﬁ @

Here, N: represents the number of elements, k: the rank of
elements, s: the exponent value indicating the characteristics
of the distribution [7]. The frequency can be calculated of use
of elements with rank k among N elements

2.1.1. Methods

In this paper, text mining analysis was conducted on the
concept of ‘consultant competency’ and ‘consulting
performance’ among the papers registered in Research
Information Sharing Service (RISS) from 2009 to 2018
doctoral dissertations [8]. The first 136 dissertations were
searched, but the final 96 papers were selected as the articles
to be analyzed, except for the papers which were not relevant
to the consulting performance or not suitable for the analysis.
The text crawls the English abstract in the paper. The analysis
tool used R-language and used "LoNLP" and "wordcloud"
packages. | also used the 'gsub' function to remove
unnecessary words, symbols, and special characters. The
refined data were analyzed and urbanized using 'KoNLP' and
‘wordcloud' functions.

2.2. Meta-analysis

2.1.1. Theoretical Backgrounds

The meta-analysis tests the hypothesis using the effect size
and the mean effect size of the whole study [9]. The effect size
types are the standardized mean difference, the ratio of two
groups, and the correlation coefficient. The mean effect
size(summary effect) is the weighting of the effect size of each
individual study to calculate the effect size of the entire study,
i.e. the mean effect size. The effect size of each study has a
confidence interval, which represents the statistical
significance of the estimated effect size. If the confidence
interval does not contain a value of '0', it is statistically
significant. The shorter the confidence interval, the more
accurate the estimated effect size [10]. In this paper, the
correlation coefficient is used as the effect size and converts
the correlation coefficient used in the study to Fisher's Z for
the approximation of the normal distribution. The relationship
between the correlation coefficient and Fisher's Z is shown in
the following Table 1.

Table 1: Relation of Correlation coefficient and
Fisher’s Z

Division | r Fisher’s Z
. e?f —1 (14 r
Equation | r = — Z=053xh
el +1 1 -
Vari v (1—r=y ; 1
rian =— b=
anance | ¥r n—1 2 n-3

Ref. r : Correlation Coefficient
The mean effect sizes are classified into the fixed effect and
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the random effect model, and the two methods differ in the
precision of the mean effect size. Details of this model are

shown in Table 2.

Table 2: Difference of Fixed effect model and Random

effect model

Fixed Effect Model

Random Effect Model

 Population effect sizes of
all studies are the same
(Population  effect
homogeneity)

size

+ All study population effect
sizes are different.
(Population  effect
heterogeneity)

size

 Estimate the effect of the
same population, that is, one
true effect (common effect)

» Estimate the average of
effect size distributions of
different populations

» The difference in effect

» The effect sizes of each

sizes of each study is due to
sampling error

study are composed of
sampling error and
inter-study variance
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The effect size derived from each individual study is
different and this difference is called the heterogeneity of the
effect size. Heterogeneity test uses Q statistic that follows

i = distribution, and!”, T" statistics. Q is the observed
weighted sum of squares of each effect size (= actual variance
+ sample error variance). The degree of freedom of Q, df (=
k-1, k is the number of studies included) is the expected
variance, assuming that the effect sizes of the population are

all the same in each study. Q = df / (l—f:) and (Q-df) is the

actual variance difference between studies. The!” statistic is
classified as 'small size heterogeneity' at 25%, 'medium size
heterogeneity' at 50%, and 'large size heterogeneity' at 75%.

Meta-analysis has a 'dissemination bias' or 'publication
bias' in which individual studies do not represent the
population of completed studies. Publication bias is positive
and statistically significant results indicate bias that tends to
be published more easily than studies that yield results that are
not [11]. Publication bias check is mainly used with funnel
plot. If there is no bias in the funnel plot, it looks symmetrical,
but if it shows asymmetry, it shows that there is a bias in the
data. Egger's regression test is used for the test for bilateral
symmetry.

2.1.1. Methods

The Meta - analysis extracted 96 papers from text mining
using the results of consultant capacity and consulting
performance. In this paper, 15 papers using the consultant
competency and attitude capacity as independent variables
were selected and analyzed. The number of research
hypotheses finally selected is shown in Table 3.

Table 3. Hypothesis status used in Meta-analysis

Independent | Number of | Accepted Rejected
Variable Hypothesis | Hypothesis | Hypothesis
Capability 22 13(59.1%) | 9(40.9%)
Attitude 22 12(54.5%) | 10(45.5%)
Sum 44 25(56.8%) | 19(43.2%)
The analysis tool used R-language and used ‘meta’

package, ‘metafor’ package,
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and ‘metacor’ and ‘forest plot’ functions in the R-language.
I1l. RESULTS AND DISCUSSION

3.1. Text Mining

As a result of text mining using the English abstract of the
paper, it was confirmed that the words ‘'consulting,
‘performance’, ‘consultant’, ‘management’, 'study’,
‘competency’ Details are shown in Figure 1.
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Figure 1. Top keywords visualization

Text mining can confirm that the papers to be analyzed
contain texts related to consulting, consultant capabilities and
consulting performance.

3.2. Meta-analysis

Meta - analysis was conducted by using correlation
coefficient for hypothesis test results on the effect of
consultant ability and attitude ability on consulting
performance. Table 4 shows the forest test results on the
impact of consultant competency on consulting performance.

Table 4. Meta-analysis of consultant competency
capability

Contents Judgment
HT | Q=230.59, df=21, p-value(<0.001) Heterogeneity
z 2 Large size
- I*_ .
HS | 77=0.078, "=90.9%[87.6%; 93.3%] heterogeneity
ME | COR | 95%ClI z P Random
S (0.59) | [0.5,0.7] | (10.7) | (<0.01) | effects model

Ref. HT: Heterogeneity Test, HS: Heterogeneity Statistics,
MES: Mean Effect Size, COR: Correlation Coefficient, Cl:
Confidence Interval, Z: Standard Normal Distribution Value

The null hypothesis that (Q-df) > 0 and the significance p is
<0.001 and that each effect size is homogeneous is rejected as
a result of the heterogeneity test. Therefore, the random effect
model is applied to the mean effect size. The correlation
coefficient of the random effect model is 0.59, which can be
classified as a ‘large effect size’. According to Cohen, the
correlation coefficient is classified as a small effect size of
0.1, a medium effect size of 0.3, and a large effect size of 0.5
[12]. The 95% confidence interval does not include '0',
meaning that the significance of the effect size is significant
and can be confirmed through the significance probability (p
<0.001).
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Weight Weight
Study Total Correlation COR 95%-Cl (fixed) (random)
study1 125 —a 040 [024,053] 43% 46%
study2 103 = 073 [063;081 36% 45%
study3 113 = (67 [0.56,076] 39% 45%
study4 126 == 070 [060,0.78] 4.4% 46%
study5 126 = 061 [049,071 44% 46%
study6 131 == 070 [060,0.78] 46% 4.6%
study7 109 —i 049 [033,062] 38% 45%
study8 56 —— 029 [0.03;051 19% 41%
study9 131 4= 065 [054,074] 46% 46%
study10 121 _f_ 062 [049,072] 42% 45%
study11 121 —# 063 [051;072] 42% = 45%
study12 140 - 0.58 [0.45,068] 49% 46%
study13 140 = 048 [0.34;060] 49%  46%
study14 140 - 052 [0.38,063] 49% 46%
study15 140 = 0.57 [045,068] 49% 46%
study16 122 — i 021 [003;037] 42% 45%
study17 122 TE— | 0.12 [0.06;029] 42% 45%
study18 113 = 066 [054,075] 39%  45%
study19 113 — 051 [036;064] 39% 45%
study20 210 080 [0.75,0.85] T.4% 47%
study21 210 0.86 [0.83;089] 74% 47%
study22 162 —a 0.49 [036;060] 57% 47%
Fixed effect model 2874 0.61 [0.59; 0.63] 100.0% -
Random effects model 0.59 [0.50; 0.66] - 100.0%
Heterogenety. I = 91%, <* = 0.0784, p < 0.01

05 0 05

Figure 2. Forest plot of correlation coefficient r on
consultant competency

Figure 2 shows the forest plot of correlation coefficient r
for study on the effect of consultant competency on consulting
performance.

Fisher's z transformed Weight Weight

Study Total correlation ZCOR 95%-Cl (fixed) (random)
study 125 =i 042 [024;060] 43%  46%
study2 103 i 093 [0.74;113] 36%  45%
study3 113 e 081 [0.63100] 39%  45%
study4 126 L 088 [0.70;105] 44%  46%
study5 126 - 071 [053;089] 44%  46%
studyb 131 i 087 [0.70;104] 46%  46%
study? 109 e 053 [0.34072] 38%  45%
study8 56 —— 030 [003057] 19%  41%
Studyd 131 - 078 [0.60;095] 46%  46%
study10 121 - 072 [054000] 42%  45%
study11 121 e 074 [056,002] 42%  45%
study12 140 = 066 [049,082] 49%  46%
Study13 140 — 053 [0.36,069] 4.9%  46%
study14 140 = 057 [040;0.74] 49%  46%
study15 140 L3 065 [049,082] 49%  46%
study16 122 i 021 [0.03,039] 42% 45%
study17 122 012 [0.06,030] 42%  45%
study18 113 078 [0.60;097] 39%  45%
Study19 113 056 [0.38;0.75] 39%  45%
study20 210 111 [097,124] T74%  47%
study21 210 131 (147,145 74%  47%
study22 162 053 [0.38;060] 57%  A47%
Fixed effect model 2874 0.71 [0.67; 0.74] 100.0% -
Random effects model 0.67 [0.55; 0.80] - 100.0%

Heterogeneity” 1> = 91%, * = 0.0784, p £ 0.01
105 0

Figure 3. Forest plot of Fisher's Z on consultant
competency

Figure 3 shows the forest plot of Fisher's Z for study on the
effect of consultant competency on consulting performance.
Only individual studiesl7 show that the 95% confidence
interval includes '0". The effect size of the remaining studies is
significant. That is, the same result can be obtained.

05 10 20 50 100

Figure 4. Funnel plot for consultant competency
F
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igure 4 is a funnel plot showing the relationship between
sample size and effect size. In the funnel plot, it appears as if a
large number of data appears on the right side of the center of
the mean effect size on the left side, and it is doubtful to judge
asymmetrically. According to the Egger's regression test for
this asymmetry, the individual test can reject the symmetry in
the null hypothesis funnel plot with a test statistic t = 36.613
(df = 20) with a p-value of 0.001.

Next, let’s see the results of meta-analysis on the impact of
consultant attitude on consulting performance. Table 5 shows
the forest test results.

Table 5. Meta-analysis of consultant attitude capability

Contents Judgment
HT Q=120.45, df=21, p-value(<0.001) yHeterogeneut
© 20034 I° =gpev[74.6%: o9 Size
HS il =82.6%[74.6% | peterogeneit
88.0%] g
MES COR [95%CI |Z P Random
(0.53) |[0.5,0.6] |(13.7)|(<0.001) | effects model

Ref. HT: Heterogeneity Test, HS: Heterogeneity Statistics,
MES: Mean Effect Size, COR: Correlation Coefficient, Cl:
Confidence Interval, Z: Standard Normal Distribution Value

The null hypothesis that (Q-df) > 0 and the significance p is
<0.001 and that each effect size is homogeneous is rejected as
a result of the heterogeneity test. Therefore, the random effect
model is applied to the mean effect size. The correlation
coefficient of the random effect model is 0.53, which can be
classified as a ‘large effect size’. The 95% confidence interval
does not include '0', meaning that the significance of the effect
size is significant and can be confirmed through the
significance probability (p <0.001).

Weight Weight
Study Total Correlation COR 95%-Cl (fixed) (random)
study1 125 —— 037 [021,051] 4.0% 45%
study2 125 —s 046 [0.31:050] 4.0% 4.5%
study3 103 | —= 075 [065082] 3.3% 43%
study4 299 i 060 [052087] 97% 51%
study5 126 *v:'H 060 [047,070] 40% 45%
study6 126 —— 051 [037.063] 40% 45%
study? 131 - 063 [052,072] 42% 4.5%
study8 109 —s— 052 [0.36,084] 35% 4.4%
study9 13 e 063 [051.072] 42% 45%
study10 121 -+ 0.59 [0.46;069] 39% 4.5%
study11 121 —#=— 060 [047.070] 39% 45%
study12 140 — 045 [0.30;057] 45% 46%
study13 140 —& 050 [0.36,081] 45% 46%
study14 140 — 044 [030,057] 45% 46%
study15 140 — 0.44 [0.30,057] 4.5% 46%
study16 122 —— 020 [002,038] 39% 45%
study17 122 = 0.12 [0.06;029] 3.9% 4.5%
study18 113 —— 0.54 [0.39,086] 36% 4.4%
study19 13 —&— 055 [040,066] 36% 44%
study20 210 = 071 [064,077] 6.8% 4.9%
study21 210 = 071 [064077] 68% 49%
study22 162 - 048 [0.35059 52% 47%
Fixed effect model 3129 0.54 [ 0.52; 0.57] 100.0% -
Random effects model 0.53 [ 0.47; 0.59] - 100.0%

(Y e a—

Heterogeneity” /> = 83%, ° = 0.0342, p <0.01
05 ] 05

Figure 5. Forest plot of correlation coefficient r on
consultant attitude

Figure 5 shows the forest plot of correlation coefficient r
for each study on the effect of consultant attitude on
consulting performance.
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Fisher's z transformed Weight Weight

Study Total correlation ZCOR 95%-Cl (fixed) (random)
study1 125 —— 0.39 [0.21;0.57 4.0% 4.5%
study?2 125 —& 0.49 [0.32;067 4.0% 4.5%
study3 103 —=+— 098 [0.78;1.17 3.3% 4.3%
study4 299 o 0.70 [0.58;0.81 9.7% 5.1%
study5 126 i 069 [051,086] 40%  45%
study6 126 - 056 [0.38,074] 40%  45%
study? 131 b 0.74 [0.57,0.92 42% 4.5%
study8 109 — 057 [0.38:0.76] 35%  44%
study9 131 - 0.74 [0.57,0.91 42% 4.5%
study10 121 o 0.67 [0.49;0.85 3.9% 4.5%
study11 121 —E— 0.69

1
1
1
]
]
]
]
]
1
]
051,087] 39%  45%
]
]
]
]
]
]
]
]
]
]
1

[
study12 140 —i 048 [0.31,065 4.5% 46%
study13 140 — 055 [0.38;071 4.5% 46%
study14 140 —iH 0.48 [0.31;0.64 45% 46%
study15 140 - 048 [0.31,064 45% 46%
study16 122 = 020 [0.02;038 39% 45%
study17 122 T 012 [-0.06;0.30 39% 45%
study18 13 —— 060 [042,079 3.6% 44%
study19 113 —— 061 [043;080 36% 4.4%
study20 210 - 0.89 [0.76,1.03 6.8% 49%
study21 210 - 0.89 [0.76,1.03 6.8% 49%
study22 162 i 052 [0.36,067 52% 47%

Fixed effect model 3129
Random effects model
Heterogeneity: 1©=83%, t~=0.0342,/p < 0.01

405 0 05 1

0.61 [0.58; 0.65] 100.0% -
0.59 [0.51;0.68] - 100.0%

Figure 6. Forest plot of Fisher's Z on consultant
attitude

Figure 6 shows the forest plot Fisher's Z for each study on
the effect of consultant attitude on consulting performance.
The individual study 17 has 95% confidence interval includes
‘0" but the effect size of the remaining studies is significant.
That is, the same result can be obtained.

Figure 7. Funnel plot for consultant attitude

Figure 7 is a funnel plot of the attitude of the consultant.
Individual studies appear to have a small number of data on
the left and a majority on the right, centered on the mean
effect size. This means that there is an asymmetric publication
bias. According to the Egger's regression test for asymmetry,
individual studies in the funnel plot are not symmetry with a
test statistic t =-1.8005, df = 20, and p-value 0.087 (> 0.05).In
other words, the null hypothesis that there is no relationship
between effect size and standard error accepted.

IV. CONCLUSION

In this paper, text mining and Meta - analysis were
conducted on theses including topics on ‘consultant's
capacities to consulting performance ', which was widely
studied in consulting research. Through the use of text
mining, the keywords are identified in the main papers and
generalized various research results on the impact of
consultant capabilities on consulting performance through
Meta - analysis. Text mining extracted key words from
abstracts in 93 papers.
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Meta - analysis was conducted on 22 hypotheses
concerning the impact of consultant competency and attitude
on consulting performance in 15 papers. Keywords such as
‘consulting’, ‘performance’, ‘consultant’, ‘'management’, 'study’
and 'competency' were extracted from the text mining results.
Through this, the papers to be analyzed are using the
consulting, consultant and consulting as keywords and these
keywords are visualized. The Meta - analysis used the
correlation coefficient to calculate the effect size. As a result
of the heterogeneity test for individual hypotheses, it was
confirmed to be heterogeneous, and a random effect model
was applied. The mean effect size was significant, and it can
be concluded that 'consultant competency is significant to
consulting performance'. In the ‘Publication bias test’, it was
confirmed that there was no publication bias in the consultant
competency but the publication bias in the consultant attitude.
In the future, text mining needs to clarify the relation of key
words through various analyses such as visual analysis and
related word analysis. In addition, it is expected that if the
scope of the research is extended by including the theses in the
academic journals other than theses, another meaningful
result will be obtained.
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