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Abstract

The main purpose of the research reported here is to show that the questionnaire responses
in text format can be processed and statistically analyzed to some extent by computer
programs. We employ unigram, bigram and trigram frequency calculations with the
assistance of Python programming in order to analyze the questionnaire responses in text
format.

Questionnaire responses chosen from options can be easily statistically analyzed
whether they are on a ratio, interval, ordered or nominal scale. In contrast, descriptive
questionnaire responses have long been read and interpreted by researchers themselves.
They have been analyzed by human labor alone. This could to some extent lead to
arbitrary and subjective interpretations and analyses. We demonstrate in this paper that
natural language processing techniques in Python could help analyze questionnaire
responses in text format more objectively and accurately.
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1. Introduction

It has been widely recognized that a statistical analysis by using a computer can be
applied to questionnaire responses in numerical representation (McKinney, 2018). A
computer can process numerical data quickly and accurately. On the other hand,
descriptive responses in questionnaires have been manually interpreted so far. Until a few
decades ago, a computer was not able to handle text data so well, and language



interpretation was exclusively human work. This could inevitably lead to arbitrary and
subjectively determined interpretations of questionnaire responses in text format
(McLeod, 2018).

A number of language corpus projects in a variety of languages all over the world
have been undertaken along with the development of computers and information
technology, which has made it easier to collect language data and to analyze and annotate
large corpus data (Romer, 2006; Hasko, 2020). Computers have been getting cheaper and
cheaper and faster and faster in the last several decades. In academic fields typically
allocated a small budget, such as linguistic studies and language education studies
(Benneworth & Jongbloed, 2010), computers have been playing an important and
requisite role. In addition, since around 2010, artificial intelligence (Al) with machine
learning and deep learning has flourished, and natural language processing (NLP) has
also become feasible, not only in natural science fields but also in the fields of linguistics
and language education.

In this paper, as a pilot study, we introduce programming techniques in Python and
its libraries, in order to analyze the questionnaire responses in a more objective way.

2. Method

The questionnaire we designed was in Japanese because the meaning of each
question needed to be fully understood by the respondents, Japanese university students.
Accordingly, the students’ responses were also in Japanese. They were not required to
answer the questions only in Japanese, but some Japanese university students don’t have
enough language skills to express their own feelings or opinions in English (Fukuzawa,
2016). As a result, all the responses turned out to be answered in Japanese, as shown in
the Appendix.

In order to analyze Japanese text by a computer program, it is necessary to conduct
morphological analysis in preprocessing because Japanese language is an agglutinative
language: words are not separated by a space as in English or other European languages.
Thanks to several text processing libraries such as MeCab, Janome, nagisa and spaCyfja],
it is possible to conduct morphological analysis in Japanese much easier than before. In
this paper, we employ MeCab library for this purpose as it can be easily incorporated (or
imported) into a Python program. The result of the morphological analysis of one of the
questionnaire responses by MeCab library is shown below:

BIZ 1 MEMOBESTNENEINEMHABLARBL VA= I TEDND,
BhEd, B, %, %, TB - Z47, B, BERD, ¥X MU, F% Y
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The result of the analysis output seems to be rather complicated, so we extract only
content words, such as nouns, verbs, adjectives and adverbs for simplification. The
extracted words are converted into lemmas, i.e., base forms. The first item in parentheses
is lemmas of content words, and the second indicates its part-of-speech information.

(B B, Byad)
(85", B
(05, B
(&5, )
CRERR!, ' 5)

(F 2, B3
TR RIT)
(T B, B

With these tuple-formed (lemma, pos) associations, we can calculate the frequency
of the collocations with the assistance of a computer: frequency of lemmas (unigram
frequency), bigram frequency, and trigram frequency. We calculated these frequencies
with the following computer programming code written in Python.

# tuples of content words



pos_select=["4 7', Bh&1, LA, BIF]
wd_pos_tups = [(nd.feature.split(',")[6], nd.feature.split(',')[0])
for nd in nodes if nd.feature.split(',")[0] in pos_select]
# count the frequency of lemmas
def count_freq(item_lst):
frq_dic = defaultdict(int)
for itm in item_lst:
frq_dic[itm] +=1
return frq_dic

# show the lemmas in descending order (more than four in frequency)
def show_freq(freq_dic) -> None:
print("frq: {:5}\t{}".format('word', 'pos'))

L "
for itm, frq in sorted(freq_dic.items(), key=lambda x:(-x[1],x[0])):
if frq > 4:

print("{:3}: {:6}\t{}".format(frq, itm[0], itm[1]))

frq_dic = count_freq(wd _pos_tups)
show_freq(frq_dic)

We can get the frequencies of bigrams and trigrams in the following functions

respectively:

# tuples without pos restrictions
wd_pos_tups = [(nd.feature.split(',")[6], nd.feature.split(',)[0])
for nd in nodes if nd.feature.split(',)[0] not in ['F25']]

def bigram(nodes):
bi_nodes =[]
binode_append = bi_nodes.append
for wpl, wp2 in zip(wd_pos_tups, wd_pos_tups[1:]):
binode append((wpl, wp2))
return bi_nodes

def trigram(nodes):



tri_nodes =[]

trinode_append = tri_nodes.append

for wpl, wp2, wp3 in zip(wd_pos_tups, wd_pos_tups[1:], wd_pos_tups[2:]):
trinode_append((wpl, wp2, wp3))

return tri_nodes

In order to calculate the bigrams and trigrams, zip function will be very helpful and
convenient to make a program.

For getting the key words or important words in a text, feature extraction and TF-
IDF (Term Frequency-Inverse Document Frequency) by vectorizing the frequencies of
each word in corpora are widely recognized as useful, but we do not employ these
methods in this study, because the corpus size is not balanced or proportionate: the
number of students who responded ‘listening-only’ was easier was only two (one of which
did not respond the reason why descriptively), compared to the number of students who

responded the other way around, which was 59.

3. Statistical analysis to the questionnaire responses in choice format

We conducted questionnaires to 64 university students after they experienced two
modes of listening experiments: Reading-while-listening and Listening-only. (For details
of the experiment, see Nakashima et al., 2018) The following questionnaire responses are
the result of the question asking which was easier, Listening-while-reading or Listening-
only, i.e., listening with a script, or listening without a script (see Figure 1).

59 (92.2%)

number of responses

2(3.1%) 3 (4.7%)
SemTmREaE
0
While Reading Listening Only NA

Figure 1. Which was easier, Listening-while-reading or Listening-only?



Figure 1 shows that almost every Japanese university student feels Listening-
while-reading is easier than Listening-only. To put it another way, listening to English
spoken at a natural speed without looking at a script is much harder for most Japanese
university students to understand. Fifty-nine out of sixty-four students responded that
Listening-while-reading was easier than Listening-only. Only two students out of 64
responded that they felt Listening-only was easier than Listening-while-reading. Three
students did not respond at all, probably because this is the last question of the 27
multiple-choice questions we conducted in the questionnaire and they ran out of time to
respond to the question; they did not respond to the last several questions, either. The
result is obvious, but just to make sure, we present the contingency table between listening
modes and the preference, and the result of Fisher’s Exact test, which is a statistical test
for the analysis of a 2 x 2 contingency table whose sample sizes are very small, as with
this questionnaire.

Table 1. Contingency table between listening modes and their preferences
easier others

While Reading 59 5

Listening Only 2 62

# Fisher's Exact Test
p=1.479703e-27***

The p-value of Fisher’s Exact test is significantly low (p <= 0.001), which indicates
the probability that the categories of the two listening modes are independent of their
preferences is significantly low; in other words, the two modes are not equally preferred
by the students. The questionnaire results show that the Japanese university students
much prefer Listening-while-reading to Listening-only because the former is
considerably easier for the Japanese students than the latter.

4. Analysis of the questionnaire responses in text format

Why is Listening-while-reading easier than Listening-only for most students? We
asked the reason for each choice in the questionnaire. They responded in Japanese in a
descriptive form. In order to calculate the responses by a computer program, we needed
to normalize their text responses because some of them included wrong expressions as
Japanese and fluctuations of description (allomorphs) such as '#>722%" or '43 7 %" (to make
out), '¥3 5" or i 5" (to follow), and so forth. We wrote a computer program in Python to



calculate the unigram, bigram and trigram frequencies (see Table 2, 3 and 4) of the base
forms of the words in the students’ responses. As stated in the previous section, base forms
are computed with the help of MeCab, which is a Python library for analyzing Japanese
text.

Table 2. Word frequency (unigram) of the students’ responses (freq >= 5)
frq: word pos

23: Tx 5% &7

18: FRAZ 430
16: 53h 5 B
15: HiFR E2|
15: B< B
15: &% EED|
18 &8 |
13: %t #aA
1: W3 EUEG]
10: +% CUE
9: 5 EUED]
8: X 43
8 XE 5
7:MEmS  EhE
7. & E D @
7: 3%k &hzn
6: -9 45
6: D 47
6: 139 E=E|
6: T4 7
6: YA=V Y 47
6. H pa|
6: FEF e
5. X°F Ea
5 B 4%
5. #5y 4 7



Table 3. Bigram frequency of the students’ responses (freq >= 6)

frq: words

D TED D
72 b
ERA
DB Tx 5
LIS D

2D DD NN PO

NN
T3

LI TR
<
CRD Renn
b HL

7 BB
125 2
B
% %

cHETNS v

Table 4. Trigram frequency of the students’ responses (freq >= 3)

frq: words

CHfR TE B D
G B kT
CERD enb

AN Y

& B TED

N R
DB T b
Db HEE R
b X E

S B Ten

S oD T
DT n HEE
T ES B



3l 5 Al = 4

T WD M,
AN NN
DR T &M
UED M b
TV 72 b
X & RA
R TE D D

W W W W W W W W

By using the computer program Python, we were able to compare the frequency of
unigrams, bigrams and trigrams with the students’ descriptive responses (see Appendix).
For example, many students claim they can understand “Bf£3 %" or confirm “Fz87
%” the words with the help of reading the script. They also claim that they cannot
understand well without the script partly because the natural speed of spoken English is
too fast for them to comprehend as shown by the relatively high frequency of "B < ik
9™ in the bigram and the trigram. While the precise reasons for the students’ lack of
understanding are beyond the scope of this paper, these results suggest areas for further
study.

We have shown that questionnaire responses chosen from options can be easily
analyzed or categorized if we transform the nominal-scale responses into dummy values
represented by 0 and 1. In contrast, descriptive questionnaire responses (text data) have
long been read and interpreted by researchers themselves. This could lead to arbitrary and

subjective interpretations and analyses.

5. Conclusion

It cannot be denied that computers have been playing an amazing role in analyzing
numerical data for decades. Though text analysis by computer is not yet dependable
enough, it is now advancing rapidly with the progress of artificial intelligence technology.
In order to interpret the descriptive questionnaire responses more accurately and
objectively, we need to develop the way to make the most of computers and computer
programming techniques. Presenting computer programming codes in a paper will also
be helpful to assess the reproducibility of the analyses and interpretations in the study.
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Appendix

Students’ questionnaire responses (normalized)

Asterisk in front of the responses indicates the response was by the students who
responded Listening-only was easier than Listening-while-reading.

Q27. EXERLGENRL VA= 7T 208, RFII A= 7T50L, EHLLAME

TLeh?
1. XERZPE ) A= 7T 515 BEEE -



2. XERPICY A= 74213 ) BfAEE -7
Q27a. LOQRNT, #O X HIEX-BAEZHAL T EEN,

(English translation of the questionnaire questions)

Q27. Which was easier, listening while reading or listening only?
1. Listening with a script was easier
2. Listening without a script was easier

Q27a. Please explain why you responded so.

N.B. The following responses are normalized in a way that notational variants are unified
(in order to calculate the frequencies of the words and bigrams), and that obvious spelling
or grammatical mistakes are corrected. The asterisks in front of the responses indicate
that the response corresponds to the second alternative, i.e., "Listening without a script

was easier."

Students’ responses to Q27a.

L HEROBEGoTVDINEIDERBLENS ) A= T TE LD,

2. MERLBEERH > THLXFEHTL I L TRHRZ DM,

3. XN BT I MLV E FIIHL I LN TE D,

4. BANEER -T2 ENIEEOERTE 0D,

5T ES>TWONSNHRThH, BRXEFRHZ &L THAELZBVEMRTE O
Do

6. HEEDO DM RLH I SEOEVEHEIIEEZ R TN &S OMRE L2
ST b,

¥, XFEIB D OB O RV b hknnb,

8 MXM LI ZALERTHIENTEEIMND,

9. FETTIREZ L) REFEOHBOHINTET, bRV LREhoTnb,
10. BEDORFOORNBY Bonbianized, B30k RSN L ThIUL, fOFHFBH
ZATCVDENERETEZHEND,

L XFEERABOHNTWIES AN, VIv 7 ALTHEITS 6,

12. T<ICHERRTE D00,

13. EEDEZ LHMO ALY — FBRHY B> T RVOTENTHIENSNITHD
LIEETE D00,

14, NA

15. LERZNBLIEEL, &R LB NS0ND IO,



16. & ES>THEPHMLHEN, BERY LT,

17. NA

18. W& B e o /e b XFELXHTEB) Z L THMBTEI0D,

19. BERV IS WA THLHEBETE D,

20, WEABMWE EERBEOAASNE B WVENPRTENE AAREIZRLTND A A—
CROTIERENBLHENTIE I B R BONENRRL TENSARICRES,
21 M EFREERPLRVEZTLH L0

22, Y R=2 TG TIREMENEE Lo 72,

23. YR= Y TR TIRAY— RRETE TR TWIT2WnWZ Eddb o7z,

24 WREMICRENOLEF ML L THM LT o120 b,

25 HEERHE B2 N2 BRI RDHM1 0,

26. XERTICY A= 7235000 LEAESBWNR DB,

27. BERL LAgVas,

28. EEFTZ LB LHL KL HFBEETE DI0 D,

29. NEZHERO LTHLETH A, BFTLIENTELND,

30. FERICHBAZHME BN A0 D,

3. BCBHY Z ENTELED

32. BT TR BN LEREHLBNDE NG,

33, BREZZRD LD END,

34, XELESTHLIEI BN DRT U,

35. EERALROTHERNRVEINRL ST,

36. NA

37. HERY S5 WE Z AL EFOIFBECE 25,

38. B DOFHDAL— REFETORE— KREI 1D,

39. ERTE D006,

40. ELWEEZH LR VWEEBEICOWTH TR TAANLHEFETEX 5720

4. LFERBBLDIZ IR0t holzinb,

2. EXHRBEETEZEFEATOEZDONPRGNYRTholohb,

43, LEROLERETCTETIENE LA TWEN, ) A= 71275 & SUIRZ BAE L
RBBTROVEMNTWTF R, EBITNRDO LI RO TH D LB AIOLRTRE
BABOWERRI EB ETHHRAIIL o T,

4, WENHALEABRTE D05,

45. BEENRGMM DD D,

46. NA

47, TENEHERETEDI0D,

48. NA



49.
50.
51.
52
33.
*54.
33.
56.
ST
58.
59.
60.
6l.
62.
63.
64.

XEOGNENDNY, EHEEEARBLV A=V T TELRD,
BIE RV ICSWEERDH -T2 b,

XFEERDANEFLZTHC LY LHEB LTV,
EZRATOD MDD,

RYDEFENTH D7D,

NA

HONTHRLRWEETE, ATRTHRDIEDHDIEENEZ Dol b,

BIRB SNSRI ELS 250D,

MlEI e WENRH -T2 b,

HEEAE & R VDB 7200 B,
HEETHEL 20D,
WBEARBROWEEMLOL VNG,

ME N D o - HEE L LA MDITEBFTE D,
MEELI-L &, HETEDIND,
HEELBDRL 2D,
REBVOOIEINHELE S > THRTE D,





